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Clinical Consequences

Should intravenous gelatins have arole in contemporary
peri-operative and critical care?
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Last year, Farooque etal. published a case series
describing the clinical features and severity of anaphylaxis
to intravenous (i.v.) gelatin-based colloid solutions in the
peri-operative setting [1]. They reported retrospective data
on 12 patients with confirmed hypersensitivity to i.v. gelatin
following referral to a drug allergy clinic in the UK between
2013 and 2018. They found that, apart from the treatment of
hypotension in one patient, the indication for the use of
colloid was unclear. The time between exposure and onset
of symptoms was variable, with two patients reacting more
than 1 h after exposure. There were three cardiac arrests
and six patients were admitted to critical care
postoperatively, but there were no deaths. Their work raises
several concerns including; most notably, that a delayed
onset of reaction may result in misdiagnosis, and, to make
matters worse, additional i.v. gelatin might then be used to
treat the resultant hypotension. Given the unclear benefits
associated with gelatin-based colloids in the peri-operative
period, it might be hoped that such concerns have led to a
reduction in their use. This instalment of 'Clinical
Consequences' examines the possible reasons why this

might notyet be the case.

Gelatins in healthcare

Gelatin is a gel-like protein produced by hydrolysis of the
collagen found in connective tissues of animals including
cattle, chickens, pigs and fish. It has numerous uses in
healthcare, including acting as a stabiliser for injectable
drugs and vaccines, and in the manufacture of digestible or
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absorbable
pharmaceutical capsules and haemostatic sponges [2].

medications and  devices such as
When prepared as an i.v. colloid, gelatin must be modified
to prevent it from gelling. This involves chemically
degrading gelatin molecules (molecular weight ~100 kDa)
into smaller polypeptides and stabilising them through
succinylation (e.g. Gelofusine; B. Braun, Melsungen AG,
Melsungen, Germany) or urea cross-linking (e.g. Haemaccel;
Piramal Healthcare UK, Morpeth, Northumberland, UK).
These gelatin-based colloids have molecular weights of
approximately 30 kDa; this represents a compromise
between viscosity and half-life within the circulation [3]. At
present, only succinylated gelatins are available in the UK,
and according to the British National Formulary they are
indicated for “low blood volume in hypovolaemic shock,

burns and cardiopulmonary bypass” [4].

Evidence

Critics may argue that, because the study by Farooque et al.
was a retrospective observational case series, we should not
change clinical practice as evidence such as this should only
be used to generate new hypotheses. Instead, we suggest
thatthe methods used by Farooque et al. are innovative and
ideally suited to their subject of interest, and there are good
reasons why other study designs might fail to better
elucidate the clinical features and severity of anaphylaxis to
gelatin-based fluids. For example, randomised controlled
trials are unlikely to be a practical method of investigation as
the incidence of anaphylaxis is extremely low. Furthermore,
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such trials would not be feasible due to issues around: the
ethics, practicalities and clinical relevance of interventions
and outcomes; statistical power; recruitment; and treatment
allocation. Prospective observation might be used to
determine the incidence of i.v. gelatin-related anaphylaxis,
which has been variably reported. Our current best working
estimate, from the 6th National Audit Project (NAPé) [5], is
6.2 cases per 100,000 administrations. However, this
excludes grade-1 and -2 (i.e. non-severe) anaphylactic
reactions, and the delay in onset described by Farooque
et al. brings the accuracy of this figure into question.
Although it is likely that anaphylaxis to i.v. gelatin is under-
reported, a future prospective observational study of i.v.
gelatin anaphylaxis would nevertheless need to be extremely
large, and would have to carefully monitor all patients
administered i.v. gelatin for several hours. As a result, any
such study might fail to add to current understanding to an
extent that would justify the resources required. Establishing
a national anaphylaxis database would potentially be of most
value, as this would help to identify new trends as well as
enabling clinicians to describe more accurately the risk of

anaphylaxis in their daily practice.

Risks vs. benefits

We believe that the study by Farooque et al. might be seen
in the future, if not already, as an important paper in the field
of peri-operative allergy, due to the methodology,
conclusions drawn and highlighting of the importance of
the interface between anaesthetists, surgeons, intensivists
and allergy physicians. Case series of this type may have a
key role to play in our future understanding of peri-
operative complications in general, and a key consequence
will be more opportunities for collaboration, funding and
closer working ties with clinical and academic colleagues.
For example, another group recently employed similar
methods to show that a connection between allergy to egg,
peanut, soybean or other legumes and the risk of serious
allergic reaction to propofol is unlikely [6].

Arguably the most important aspect of the paper by
Farooque et al. is that it describes clearly a real and
significant risk of i.v. gelatin use. Therefore, as with other
drugs that present a relatively high risk of anaphylaxis, such
as antibiotics and neuromuscular blocking agents, there
should be a clear benefit associated with their use in order to
justify this risk. There are now several meta-analyses
comparing crystalloid and colloid iv. fluids in different
populations and settings (Table 1). The theoretical benefit of
colloids, including gelatins, starches, fresh frozen plasma,
albumin and others, is their more efficient action as plasma

expanders when treating or preventing hypotension, with a

lower-risk of pulmonary or peripheral oedema. Colloids may
also prevent against postoperative nausea and vomiting in
the peri-operative period [7]. The risks associated with
colloid use, which have been variably demonstrated in meta-
analyses, include: increased mortality; acute kidney injury;
bleeding; and coagulopathy [8-10].

Weighing these benefits and risks is a complex
judgment. Using hydroxyethyl starch solutions as an
example, these colloids fell out of favour in 2012 following
the publication trials by Myburgh et al and Perner et al,,
which found no evidence of benefit and an increased
incidence of serious adverse effects [11, 12].
Notwithstanding the limitations of this evidence [13], it
took until 2018 for the European Medicines Agency to
suspend the marketing for these solutions across the
European Union. Although some have called for
hydroxyethyl starch solutions to be banned [14], their use
continues to be reported in clinical trials and
recommended in guidelines, and they may continue to be
the colloids of choice in developing countries, where
alternatives are less easily available. Just as one group of
experts might advise against their use, another group
might see the evidence differently and come to a different
conclusion. Perhaps the most telling evidence is a recent
Cochrane review which concludes that the choice of i.v.
fluid for the resuscitation of critically unwell adults
probably makes no difference to mortality [10]. Overall,
although the use of iv. gelatin might confer some
theoretical advantages as compared with crystalloid
solutions, and allows for the avoidance of hydroxyethyl
starch, there is very little evidence of any associated

clinically meaningful benefit.

Succeeding literature

One might expect recent literature regarding gelatin-based
colloids to reflect the risk of anaphylaxis as described by
Farooque et al. Indeed, a recent review reflects on the lack
of evidence for the benefit of i.v. gelatins in the peri-
operative period, and makes use of Farooque et al.s
findings in a discussion of the emerging evidence of the risk
of life-threatening anaphylaxis [15]. However, a recent
randomised controlled trial demonstrated that a pre-
operative i.v. gelatin fluid bolus decreased the incidence of
hypotension associated with induction of anaesthesia when
compared with no pre-operative fluid bolus in the elective
surgical setting [16]. Citing Farooque et al., the authors of
this study contend that, as the risk of allergic reactions to
succinylated gelatine-based colloid fluids is very low, while
hypotension associated with induction of anaesthesia is

commonplace, the benefits offered by gelatin pre-loading
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Table 1 Selected recent meta-analyses comparing crystalloid and colloid i.v. fluids in a range of populations and settings.

Author[reference]

Martin and Bassett[19]

Kimet al.[7]

Qureshiet al.[20]

Raimanet al.[21]

Melchoret al.[8]

Rasmussen et al.[9]

Ghijselings et al.[22]

Lewiset al.[10]

Main question

Are crystalloids sufficient for
volume replacementin critically
unwell adults as compared with
colloids?

Does the choice of peri-operative
crystalloid vs. colloid fluid
therapy influence the rate of
postoperative nausea and
vomiting?

Is the evidence comparing
crystalloid vs. colloid solutionsin
criticallyill, trauma and surgical
patients influenced by the trial
design or clinical setting?

Are hydroxyethyl starch solutions
safe for use in the peri-operative
period?

To determine the effects of i.v.
colloids vs. crystalloids in the
incidence of hypotension
induced by spinal anaesthesiain
elective caesarean section.

What s the effect of peri-
operative crystalloid or colloid
fluid therapy on haemorrhage,
coagulation competence and
outcome?

Are gelatin and hydroxyethyl
starches safe when used for
cardiopulmonary bypass-
priming in cardiac surgery?

Cochrane review comparing
colloids and crystalloids for fluid
replacementin critically unwell
adults.

Included evidence Main findings/conclusions

55 randomised
controlled trials.

Eightrandomised
controlled trials.

59 randomised
controlled trials.

13 randomised
controlled trials.

11 randomised
controlled trials.

31 randomised
controlled trials.

10 randomised
controlled trials.

65 randomised
controlled trials
and four quasi-
randomised
controlled trials.

Crystalloids are less efficient than colloids, and
there should be better guidance on when to
switch between agents. Hydroxyethyl starch
solutions were associated with increased
mortality when compared with crystalloids.

For operations lasting > 3 h, colloid use was
associated with less postoperative nausea and
vomiting.

Colloid administration did notlead to increased
mortality, but did increase the risk of acute
kidney injury requiring renal replacement
therapy. Sub-group analyses showed increased
mortality and renal injury with starch-based
solutionsin critically ill patients with sepsis.

There was no difference in mortality, acute kidney
injury incidence, and postoperative infection
between patients administered i.v. crystalloids
as compared with i.v. colloids.

The incidence of hypotension was reduced when
i.v. colloid pre-loading was used. There was no
difference in postoperative nausea and vomiting
rates.

There was increased blood loss in patients
undergoing non-cardiac surgery who received
i.v. hydroxyethyl starch-based solutions
compared with crystalloids, and a marked
reduction in maximum amplitude measured by
thromboelastography.

There islow-grade evidence that gelatins have a
safety profile which is non-inferior to modern-
generation tetrastarches or crystalloids.

The choice of fluid probably makes little or no
difference to mortality. Starch-based colloids
mightincrease the requirement for blood
transfusion and renal replacement therapy.

outweighs the risks. Although it could be argued that the
authors of this trial are overly optimistic about the rarity of
anaphylactic reactions to i.v. gelatin, and that hypotension
might be avoided with other methods (such as the use of
crystalloids, cautious dosing of anaesthetic agents and/or
the use of vaso-active drugs), their conclusion represents
the counterargument most likely held by many, that the real-
world risk of anaphylaxis is negligible. This view is also
supported by recommendations for the peri-operative use
of i.v. gelatin in paediatric fluid guidelines [17] and a recent
consensus statement recommending colloid pre-loading to
prevent hypotension during caesarean section under spinal

anaesthesia[18].
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Conclusions

The paper by Farooque et al. concludes with the statement
that the use of gelatin-based solutions in the peri-operative
setting should be re-assessed. We would go one step
further, and suggest there is mounting evidence that the
risks outweigh any (potential) benefits. Although the
proposed advantages of i.v. gelatins such as the avoidance
of hypotension can be achieved by other means,
anaphylaxis resulting from its use is severe, delayed,
probably more common than epidemiological studies
suggest and, in our opinion, unnecessary. We, therefore,
call on readers to: continue discussions on the use of i.v.

gelatin in their own departments with colleagues; remain
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vigilant for delayed reactions to i.v. gelatin; and renew the

interest in developing consensus on the choice and use of

fluids in the peri-operative period.

Acknowledgements
MC is Social Media Editor of Anaesthesia. No external

funding or other competing interests declared.

References

1.

. Lewis

Farooque S, Kenny M, Marshall SD. Anaphylaxis to intravenous
gelatin-based solutions: a case series examining clinical
features and severity. Anaesthesia 2019; 74: 174-9.

. Jiang Y, Yuan IH, Dutille EK, Bailey R, Shaker MS. Preventing

iatrogenic gelatin anaphylaxis. Annals of Allergy, Asthma and
Immunology 2019; 123: 366-74.

. Saddler JM, Horsey PJ. The new generation gelatins.

Anaesthesia 1987; 42: 998-1004.

. British National Formulary. https://bnf.nice.org.uk/drug/gelatin.

html (accessed 31/10/2019).

. Cook T, Harper N. Anaesthesia, surgery and life-threatening

allergic reactions: report and findings of the Royal College of
Anaesthetists’ 6th National Audit Project. London, UK: Royal
College of Anaesthetists, 2018. https://www.nationalaud
itprojects.org.uk/NAPéReport#pt (accessed 28/09/2018).

. Sommerfield DL, Lucas M, Schilling A, et al. Propofol use in

children with allergies to egg, peanut, soybean or other
legumes. Anaesthesia 2019; 74: 1252-9.

. Kim HJ, Choi SH, Eum D, Kim SH. Is perioperative colloid

infusion more effective than crystalloid in preventing
postoperative nausea and vomiting? Medicine 2019; 98.

. Melchor R, Espinosa A, Martinez Hurtado E, et al. Colloids

versus crystalloids in the prevention of hypotension induced by
spinal anesthesia in elective cesarean section. A systematic
review and meta-analysis. Minerva Anestesiologica 2015; 81:
1019-30.

. Rasmussen KC, Secher NH, Pedersen T. Effect of perioperative

crystalloid or colloid fluid therapy on hemorrhage, coagulation
competence, and outcome. Medicine 2016; 95; e4498.

SR, Pritchard MW, Evans DJ, etal. Colloids
versus crystalloids for fluid resuscitation in critically ill

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

people. Cochrane Database of Systematic Reviews 2018; 8:
CD000567.

Myburgh JA, Finfer S, Bellomo R, et al. Hydroxyethyl starch or
saline for fluid resuscitation in intensive care. New England
Journal of Medicine 2012; 367:1901-11.

Perner A, Haase N, Guttormsen AB, et al. Hydroxyethyl starch
130/0.42 versus ringer's acetate in severe sepsis. New England
Journal of Medicine 2012; 367: 124-34.

Doshi P. Data too important to share: do those who control the
data control the message? British Medical Journal 2016; 352:
i1027.

Roberts |, Shakur H, Bellomo R, et al. Hydroxyethyl starch
solutions and patient harm. Lancet 2018; 391: 736.
Caglayan-Sozmen S, Santoro A, Cipriani F, Mastrorilli C, Ricci G,
Caffarelli C. Hazardous medications in children with egg, red
meat, gelatin, fish, and cow’s milk allergy. Medicina 2019; 55:
501.

Myrberg T, Lindelof L, Hultin M. Effect of preoperative fluid
therapy on hemodynamic stability during anesthesia induction,
a randomized study. Acta Anaesthesiologica Scandinavica
2019; 63:1129-36.

Stimpelmann R, Becke K, Brenner S, et al. Perioperative
intravenous fluid therapy in children: guidelines from the
Association of the Scientific Medical Societies in Germany.
Paediatric Anaesthesia 2017; 27: 10-18.

Kinsella SM, Carvalho B, Dyer RA, et al. International consensus
statement on the management of hypotension with
vasopressors during caesarean section under spinal
anaesthesia. Anaesthesia 2018;73:71-92.

Martin  GS, Bassett P. Crystalloids vs. colloids for fluid
resuscitation in the Intensive Care Unit: a systematic review and
meta-analysis. Journal of Critical Care 2019; 50: 144-54.
Qureshi SH, Rizvi SI, Patel NN, Murphy GJ. Meta-analysis of
colloids versus crystalloids in critically ill, trauma and surgical
patients. British Journal of Surgery 2016; 103: 14-26.

Raiman M, Mitchell CG, Biccard BM, Rodseth RN. Comparison
of hydroxyethyl starch colloids with crystalloids for surgical
patients: a systematic review and meta-analysis. European
Journal of Anaesthesiology 2016; 33: 42.

Ghijselings |, Himpe D, Rex S. Safety of gelatin solutions for the
priming of cardiopulmonary bypass in cardiac surgery: a
systematic review and meta-analysis. Perfusion 2017; 32:
350-62.

©2019 Association of Anaesthetists


https://bnf.nice.org.uk/drug/gelatin.html
https://bnf.nice.org.uk/drug/gelatin.html
https://www.nationalauditprojects.org.uk/NAP6Report#pt
https://www.nationalauditprojects.org.uk/NAP6Report#pt

Jll Are You Improving Mg
Outcomes with SpHb?

Six studies across four continents have found that noninvasive and continuous

haemoglobin (SpHb) monitoring can help improve outcomes’®

- - - b -
-
30%¥
: ¥ ihy5
: 33-Day Mortality
CHU Limoges -
[ ] L ]
2019
= . —
87%W¥ Patients : -
Receiving Transfusions’ ] 63%¥ Units \ €1.7M¥ Costt
Massachusetts == | RBCTransfused HM Hospitales
General Hospital — Fukushi_ma Medical 2018
2014 41%¥ RBC Units per ”“;{’]‘31'2“?
Transfused Patient?
Cairo University
2015
76%¥ Time to Transfusion®
) Cairo University
* = Reduction 2016

Improve Your Outcomes with SpHb

Visit www.masimo.co.uk/sphb


http://pubads.g.doubleclick.net/gampad/clk?id=5024133825&iu=/2215

