Lipovolemia da emorragia infra- € post-
operatoria: quando i cristalloidi non
pbastano?

Infra- and posr-operarive bleeding-

associarted hypovolemiq.: when crysialloias
are not enough?

Andrea De Gasperi

Special Conference

Il Patient Blood Management: non solo una guestione di ferro e anemia
Roma, 15 offobre 2015




Societd ltaliana
di Medicina Trasfusionale
e Immunoematologia

SECOND SESSION
PBM: beyond the first pillar

Chairmen: Pierluigi Berti - Giuliano Grazzini

14.00 Transfusion medicine and anaemia
clinics: does all end here?
Stefania Vaglio

14.30 Restrictive transfusion strategy:

.SpE'CfUA" CO”fE’FE'”CE’ on guidelines and real life - Gianni
. Biancofiore
Patient Blood Management:
. . . 15.00 Intra- and post-operative bleeding-
not only a question of iron and anaemia associated hypovolemia: when

crystalloids are not enough?
Andrea De Gasperi

15.30 PEM and the management of the patient
on oral anticoagulant - Domenico Prisco

16.00 Discussion
16.30 End of the conference

SIMTI - ROMA 15 ottobre 2015



Patient blood management: a fresh look
at a fresh approach to blood transfusion

G. M. LIUMBRUNO 1, S. VAGLIO 2, G. GRAZZINI 3, D. R. SPAHN 4, G. BIANCOFIORE 5

. From this point of view, the reduction of allogeneic
blood usage is not an end in itself but a tool to achieve better patient clinical outcome. This article focuses on the
three-pillar matrix of patient blood management where the understanding of basic physiology~
is at the core of evidence-based approaches to optimizing erythropoiesis, minimising bleeding\g
Anesthesiologists and critical care physicians clearly have a key role in patient blood managem . :
and should incorporate its principles into clinical practice-based initiatives that improve patient safety and clinical
outcomes. (Minerva Anestesiol 2015;81:1127-37)
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Ancsthesiology DOLE 116 1367-76

Patient Blood Management

Lawrence Tim Goodnough, M.O7 Anveh Shander, M.D.

Patient Blood Management
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Fig. 4. Patient blood management. These principles applied in the perisurgical period enable treating physicians to have
the fime and tools to provide patient-centered evidenced-based patient blocd management to minimize allogensic blood

transfusions. ACE

angictensin-converting enzyme.
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RACCOMANDAZIONI
PER L' IMPLEMENTAZIONE DEL PROGRAMMA D
PATIENT BLOOD MANAGEMENT

APPLICAZIONE IN CHIRURGIA ORTOPEDICA MAGGIORE ELETHIVA DELL" A

Liquidi di infusione

La correzione dell’ipovolemia da emorragia mediante infusione di cristalloidi e/o collodi ha

un ruolo prioritario nella gestione dei pazienti con sanguinamento acuto o sub-acuto ed ¢ la

prima strategia alterpativz rsfusTon ogermrea—peiehéLipovolemia acuta € meno
pHerata rispetto all’anemia®’. Pertanto. un adeguato reintegro del volume circolatorio—esdi

conseguenza, della gittata cardiaca, permette 1l mantenimento del trasporto di ossigeno ai

t1. Tuttavia, nel paziente con emorragia critica, € ancora oggetto di dibattito quale siafa
223

migliore strategia di Temtegre~dellavolemia con flnidi

a cura di

Stefania Vaglio, Domenico Prisco, Gianni Biancofiore, Daniela Rafanelli, PaclaAntonioli, Michele Lisanti,

Lorenzo Andreani, Leonardo Basso, Claudio Velati, Giuliano Grazzini, Giancarlo Maria Liumbruno
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AN Ediziene 2014 IR
Guida al buon uso degli emocomponenti,

emoderivati e farmaci emostatici
9.1.3

La trastusione in caso di anemia acuta nel perodo INraoperatorio dipende da varl ramorl, tra cui la
concentrazione di Hb, I'entita e la rapidita della perdita ematica, le condizioni cliniche del paziente (ovvero
presenza di segni e sintomi di ipossia).

Si niportano di seguito 1 criter1 decisionali per la trasfusione nell’anemia acuta in funzione della riduzione della
volemia e dell’Hb, ricordando che wvalori di Hb < 6 g/dL rendono quasi sempre necessaria la terapia
trastfusionale, mentre per valori compresi tra 6 e 10 g/dL, in pazienti stabilizzati, si rende necessaria la
valutazione dello stato clinico (segni e sintomi di ipossia).

Una soglia restrittiva per la trasfusione (7 g/dL), rispetto ad una liberale (9 g/dL) & stata confermata una
strategia efficace e sicura in pazienti con emorragie gastrointestinali acute.

Classificazione Perdite ematiche | Perdite ematich

"4
. . rado
emorragia acuta {mL) (%) Provvedimenti terapeutici llaﬂ:\ngqldnn‘una
Soluzioni cristalloidi‘colloidi

Classe | =730 =1 CE non necessari, se non & 2C+
preesistente un’anemia

Soluzioni cristalloidi/colloidi

CE non necessari, s¢ non ¢
preesistente un’anemia e/o
una malattia cardiopolmonare

Classe 11 TH0 - 1500 15} 30 2C+

Soluzion enstallondy'collowd
Classe 111 1500 — 2000 30— Probabile necessita di 2C
trasfondere CE

Classe IV = 2000 = 40} lnf.‘usicnn_: r.sfpida #i .Solu.zmni 204
cristglloidi! colloadi e di EE/

\—/
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Eur J Anaesthesiol 2013; 30:270-382

6.2.4.4 Transfusion triggers

Recommendation

We recommend a target haemoglobin concentration of
7-9gdl ' during active bleeding. 1C

It has been demonstrated that acute anaemia
(Hb<5gdl™") can be tolerated in healthy individuals,
because compensatory mechanisms (predominantly an
increase of cardiac output) can cnsure sufficient tissue
oxygenation.”™

During bleeding, patients may be less able to tolerate
anacmia because the compensatory mechanisms may be
impaired. However, it is not known whether the lowest
tolerable hacmoglobin concentration is  determined
by volume status. Recent data from patients under-
going surgery and under intensive care indicate that a
restrictive transfusion regimen (Hb 7-8gdl™") is as
effective and as safe as a liberal transfusion regimen
(Hb 9-11gdl )" Considering the lack of
benefits from higher haemoglobin concentrations, and
the porential side effects of transfusing allogeneic blood,
hacmoglobin concentrations above 9gdl™' cannot be
supported.®

Practice Guidelines for Perioperative Blood Management

An Updated Report by the American Society of Anesthesiologists
Task Force on Perioperative Blood Management*

Anesthesiology 20015; 122:241-75

criteria for transtusion less than 8 g/dl and hemarocric val-
ucs less than 25% are typically reported as restrictive,

Literature Findings: Meta-analysis of RCTs comparing
restrictive with liberal wansfusion criteria report fewer red
blood cell rransfusions when restrictive rransfusion strategies
are employved (Category AI-B evidence).® ™ RCT hindings
for mortality, cardiac, neurologic or pulmonary complica-
tions, and length of hospital stay were equivocal [Category
A2-E evidence) ¥

survey Findings: The ASA members agree and the
consultants strongly agree that a restrictive red blood cell
ransfusion strategy may be used to reduce transfusion
requirements.
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Ca0; = (Hb x 1:34 x Sa0,) + (Pa0, x 0-003)
D0, = C0 x C40,

V0, = C0 x (Ca0, - (v0,)

VO, = CO x ([Hb x 1:34 % (Sa0, - Sv0,)]

+ [(Pa0; - Pv0,) x 0:003))

EQ, = V0,/DO,
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Eur J Anaesthesiol 2013; 30:270-382

6.2.3.1 Preload opilimisation

Recommendation Lo?i/
We recommend aggressive and tmely stabilisation of — -
cardiac preload throughout the surgical procedure, as %’:
this appears beneficial to the patient. 1B et \_S,V_J L
[ = ]

Hypovolaemia  decreases  cardiac output and  tissue Hb | preload | | Aftertosd |  Contractiity
oxveen supply. Both the extent and duoration  of _psoz — =
tissue hypoperfusion determine the severity of cellular ‘

‘ “ PAOP SVR

damage and should be kept to a minimum with GMeElY g 2. riowan desriving compostionof the deivery of oxygen to tssuesthroughout the

body. PVR, peripheric vascular resistance.

Recommendation

We recommend against the use of central venous pres-
sure and pulmonary artery occlusion pressure as the only
variables to guide fluid therapy and opfimise preload
during severe bleeding; dynamic assessment of fluid

responsiveness and non-invasive measurement of car-
diac output should be considered instead. 1B
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Volume expansion is important for the initial resuscitation of severe hypotension.
Subsequent fluid administration should be given cautiously and only when there is
evidence of fluid responsiveness to avoid fluid overload.' Indeed, several studies
correlate excessive amounts of fluid (positive fluid balance) with increased mortality
in acute respiratory distress syndrome or septic patients and failure of weaning
from mechanical ventilation.”*'® Moreover, only 50% of hemodynamically unstable
patients are fluid responsive.'”'®

- ~ X =
w

correlation betweer 1 hange in blood volume was 0.1 (s ates
SHVITI - that patients with a low CVP may have volume overload and likewise patients with a high CVP mav be
volt from Shippy et al.!



In contrast to static preload measures, which only rely on hemodynamic values at a
given point in time, there are newer dynamic parameters currently available using the
change in SV during mechanical ventilation to assess fluid responsiveness. New
noninvasive CO monitoring is available today to measure or estimate CO, pulse pres-
sure variation, or SV variation. Resuscitation should, of course, target normalization of

= [" T

PProax

| |
'INSPIRATION' EXPIRATION ' INSP

F1oURE 5. Relatiorship of arterial presaure wave md iration. Com to end-c:ptmlmn.
the systolic presaure ?nd pulse presaure rise durﬁ .m';?.mspu then fall during expiraticn.

PPmix = madmal pulse pressure; PPmm - mini 5o pressure.
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Annals of Intensive Care 2011, 1:1

REVIEW Open Access

Hemodynamic parameters to guide fluid therapy

Paul F Marik!", Xavier Monnet?, Jean-Louis Teboul®

Table 2 Predictive value of techniques used to determine fluid responsiveness [15]

Method Technology ALICH \
Pulse pressure variation (PPV) Arterial waveform 0.94 (093-095)
Systolic pressure variation (SPY) Arterial waveform 0.86 (0.82-0.20)
Stroke volume variation (SWW) Pulse contour analysis 0.84 (0.78-088)
Left ventricular end-diastolic area (LWVEDA) Echocardiography 0.64 (053-0.74)
Global end-diastalic volume {GEDY) Transpulmonary thermodilution 056 (037067
Central venous pressure (CWP) Central venous catheter 055 048062

*AUC = area under the curve with 95% confidence intervals. \-/

Variations in PPV, SVV
>10-13% and PVI >15% are highly predictive of preload responsiveness. SVV, PPV and PVI are unre-
liable in the presence of spontaneous breathing, cardiac arrhythmia, open chest, tidal volume
<7 ml kg, intra-abdominal hypertension and right ventricular failure [67,68), and end-expiratory
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C’est I'augmentation du VES en réponse au remplissage qui confirme que le RV realisé était

pertinent et autorise une poursuite de celui-ci. La valeur absolue du VES mesurée par les

outils de monitorage (quels qu’ils soient) n’est pas un critere absolu pour décider de

I"opportunité d’un remplissage ou de sa poursuite. En effet, une valeur « normale » ou

« €leveée » du VES ne préjuge pas de son caractere adapte aux besoins ni de 1’absence d’une

elevation du VES en réponse au test de remplissage.

Ramsingh et al. Critical Care 2013, 17:2

»

A
Stroke
Volume
< 10 % increase in
stroke volume
1
| > 10 % increase in
: stroke volume
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stroke volume
0
0

Figure 1. Fluid optimization concept based on stroke volume monitoring. The concept of cardiac output maximization based on fluid
administration and stroke vclume monitoring. Small boluses of fluid are administered intravenously (200 to 250 ml at a time) until the stroke

Preload
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Resuscitation Fluids

John A. Myburgh, M.B., B.Ch., Ph.D., and Michael G. Mythen, M.D., M.B., B.S.

THE IDEAL RESUSCITATION FLUID

The ideal resuscitation fluid should be one that
produces a predictable and sustained increase in
intravascular volume, has a chemical composi-
tion as close as possible to that of extracellular
fluid, is metabolized and completely excreted
without accumulation in tissues, does not pro-
duce adverse metabolic or systemic effects, and
is cost-effective in terms of improving patient
outcomes. Currently, there is no such fluid avail-

able for clinical use.
‘ Colloid solutions are suspensions of molecules
within a carrier solution that are relatively inca-
pable of crossing the healthy semipermeable
capillary membrane owing to the molecular weight
of the molecules. Crystalloids are solutions of
ions that are freely permeable but contain con-

centrations of sodium and chloride that deter-
*IMT" mine the tonicity of the fluid.




Fluid Composition and
Clinical Effects

Matt Varrier, msss, MrRcP, Marlies Ostermann, php, MD, FRCP, EDIC

Crystalloids

Crit Care Clin 31 (2015) 823-837

Crystalloids are aqueous solutions containing minerals and/or salts of organic acids.
They differ in electrolyte composition, pH, osmolarity, effect on acid base status,
and strong ion difference and can be divided into balanced and unbalanced solutions

based on their similarity with plasma’ (Table 1).

Guidet et al. Critical Care 2010, 14:325
http://ccforum.com/content/14/5/325

Table 1. Electrolyyénhoition {mmolll)*wnly available crystalloids

Page 4 of 12

Electrolyte / Plasma \ 0.9% NacCl Ringer’s lactate, Hartmann's Plasma-Lyte” Sterofundin’
Sodium 140 154 131 140 140
Potassium / 5 \ 0 5 5 4
Chloride 100 154 111 98 127
Calcium 2.2 0 2 0 2.5
Magnesium 1 0 1 1.5 1
Bicarbonate 24 0 0 0 0
Lactate ] 0 29 0 0
Acetate 0 0 0 27 24
Gluconate 0 0 0 23 0
Maleate 0 0 0 0 5

Plasma-Lyte’ from BaxterWal (Deerfield, IL, USA). Sterofundin’ from B Braun (Melsungen, Germany).



Crit Care Clin 31 (2015) 823-837

0.9% Sodium chloride Saline 0.9% is the most commonly used fluid worldwide. After
infusion, it is rapidly distributed between the compartments of the extracellular space.
In health, approximately 60% of the infused volume diffuses from the intravascular
space into the interstitial compartment within 20 minutes of administration.® These
fluid shifts are even faster in conditions associated with endothelial dysfunction.

NaCl 0.9% has a nonphysiologic ion content and supraphysiologic concentration of
chloride (see Table 1). As aresult, administration of 0.9% NaCl can lead to hyperchlor-
emia and metabolic acidosis.

Balanced crystalloids
Balanced crystalloids are solutions with an ionic composition more similar to plasma
than 0.9% NaCl. Several types are commercially available. They differ in their ionic
makeup, osmolarity, tonicity, and type of metabolizable anion, such as acetate,
lactate, and malate (see Table 1).

Ringer lactate solution has an osmolarity of 273 mosmol/L and can cause a small
reduction in plasma osmolality.

Hartmann’s solution is a slightly modified form of Ringer lactate.

Plasma-Lyte and Sterofundin contain electrolytes in concentrations that are more
similar to plasma compared with Hartmann and Ringer lactate (see Table 1).

VLD T INWIVIM ALY JULwLLlUNVIC cvay



What |S the Ideal CWSta"md? Curr Opin Crit Care 2015, 21:309-314

Karthik Raghunathan?, Patrick Nailer®, and Ryan Konoske®

Chloride load

Chloride-liberat-solttions, [ike 1sotormtesaline, have
beeaassociated with the predictable developmeéntof
yperchloremic metabolic acidosis with sub-
sequently impaired renal perfusion (via renal vaso-
Qustriction and renal cortical hypoperfusion) [9),
impatrment of immune function [10], and poten-
tially decreased im=hospitat—survival [2"]. Among
patients undergoing major abdominal surgery, saline
has been associated with increased acute renal failure
and in-hospital mortality when compared with
Plasma-Lyte in a large study using claims data [11].
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I PRELIMINARY

COMMUNICATION

Association Between a Chloride-Liberal
vs Chloride-Restrictive Intravenous Fluid
Administration Strategy and Kidney Injury
in Critically lll Adults

Nor'azim Mohd Yunos, MDY

Rinaldo Bellomo, MD, FCICM

Colin vaul'I:;. Bse

David Story, MDD

Liza Ho, MClinPharm

Michael Bailey, PhD

Significance of Study Findings

The findings of this study show that a
chloride-restrictive intravenous strat-
gy is associated with a decrease in the
incidence of the more severe stages of
AKl and the use of RRT. These find-
ings, together with the previously re-
ported observations that a chloride-
liberal intravenous strategy can be
associated with higher cost,"and the easy
availability of cheap alternatives sug-
gest the need to exert prudence in the ad-
ministration of {fuids with supraphysi-
ological concentrations of chloride,
espectally in critically ll patients with evi-
dence of earlyacute renal dysfunction or
atrisk of acute dysfuncrion.

Context Administration of traditional chloride-liberal intravenous fluids may precipi-
tate acute kidney injury (AKI).

Objective To assess the association of a chloride-restrictive (vs chloride-liberal) in-
travenous fluid strategy with AKI in critically ill patients.

Design, Setting, and Patients Prospective, open-label, sequential period pilat study
of 760 patients admitted consecutively to the intensive care unit (ICU) during the con-
trol period (February 18 to August 17, 2008) compared with 773 patients admitted
consecutively during the intervention period (February 18 to August 17, 2009) at a
university-affiliated hospital in Melboumne, Australia.

Interventions During the control period, patients received standard intravenous flu-
ids. After a 6-month phase-out period (August 18, 2008, to February 17, 2009), any
use of chloride-rich intravenous fluids (0.9% saline, 4% succinylated gelatin solution,
or 4% albumin solution) was restricted to attending specialist approval only during
the intervention period; patients instead received a lactated solution (Hartmann so-
lution), a balanced solution (Plasma-Lyte 148), and chloride-poor 20% albumin,

Main OQutcome Measures The primary outcomes included increase from baseline
to peak creatinine level in the ICU and incidence of AKI according to the risk, injury,
failure, loss, end-stage (RIFLE) classification. Secondary post hoc analysis outcomes
included the need for renal replacement therapy (RRT), length of stay in ICU and hos-
pital, and survival,

Results Chloride administration decreased by 144 504 mmol (from 694 to 496 mmal/
patient) from the control period to the intervention period. Comparing the control pe-
riod with the intervention period, the mean serum creatinine level increase while in
the ICU was 22,6 pmol/L (95% CI, 17.5-27.7 pmol/L) vs 14.8 pmol/L (95% CI, 9.8-
19.9 pmol/L) (P=.03), the incidence of injury and failure class of RIFLE-defined AKI
was 14% (95% C, 11%-16%, n=105) vs 8.4% (95% CI, 6.4%-10%; n=65) (P<.001),
and the use of RRT was 10% (95% CI, 8.1%-12%; n=78) vs 6.3% (35% Cl, 4.6%-
8.1%; n=49) (P=,005). After adjustment for covariates, this association remained for
incidence of injury and failure class of RIFLE-defined AKI (odds ratio, 0.52 [95% CI,
0.37-0.75]; P<.001) and use of RRT (odds ratio, 0.52 [95% Cl, 0.33-0.81]; P=.004).
There were no differences in hospital mortality, hospital or ICU length of stay, or need
for RRT after hospital discharge.

Conclusion The implementation of a chloride-restrictive strategy in a tertiary ICU
was associated with a significant decrease in the incidence of AKI and use of RRT.
Trial Registration clinicaltrials.gov |dentifier: NCTO0885404

JAMA, 2012 306{15):1566-1572 WM. EOM

_________________________________________________________________________________________________________|]
Table 3. Incidence of Acute Kidney Injury Stratified by Risk, Injury, Failure, Loss, and
End-Stage (RIFLE} Serum Creatinine Criteria

No. (%) [95% CI] of Patients®

[ 1
Control Pericd Intervention Period P

{n = 760) in=773) Valua
RIFLE class
Risk 74800 [7.2-11.0] a7 (7.4) [5.5-8.00 16
njury 45 (6.3 [4.5-8.1] 230300 1.8-4.2] 0oz
Failure 57 (7.5) [5.6-8.0] 42 (5.4 [3.8-7.1] A0
njury and faillre 105 (14} [11-18] A5 (8.4) [6.4-10.0) < DO

#The control pericd was from February 18 through August 17, 2008, and tha intarvention panod was from Februsry 16
through Mugust 17, 2008,
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Britizh Journal of Ancesthesio 112 (6): 968-81 (2014)
Advance Access publication 15 April 2014 - doi:10.1093/bjolasuds?
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«) Isotonic crystalloid solutions: a structured review

of the literature
D. Orbegozo Cortés, A. Rayo Boner and J. L. Vincent”
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Fluid Management in , _
’ Anesthesiology Clin 33 (2015) 51-64

Abdominal Surgery

What, When, and When Not to Administer

Karthik Raghunathan, mp, mpPH®*, Mandeep Singh, mbp”
Dileep N. Lobo, Ms, DM, FRCS, FACS, FRCPE®

’

Elevated serum chloride concentrations have been associated with renal
vasoconstriction and renal parenchymal swelling in animal studies®® and an increase
in postoperative 30-day mortality in large database analyses.'® The deleterious effects
of administration of large volumes of 0.9% saline on the kidney have also been shown
In @ human st emonstrated decreased renal bloo ity and cortical
tis perfusion.”” Acknowledging potential clinical implications, the Bxitish
onsensus Guidelines on Intravenous Fluid Therapy for Adult Surgical Patients rec-
ommended the use of balanced crystalloids rather than isotonic saline in most routine
clinical settings.'> The case for balanced crystalloids has also been presented
prehensively in a review.'®

1
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Effect of a Buffered Crystalloid Solution vs Saline on Acute
Kidney Injury Among Patients in the Intensive Care Unit -
The SPLIT Randomized Clinical Trial Publishedonine October 7. 2015.

Paul Young, FCICM; Michael Bailey, PhD; Richard Beasley, DSc; Seton Henderson, FCICM; Diane Mackle, MN; Colin McArthur, FCICM;
Shay McGuinness, FANZCA; Jan Mehrtens, RN; John Myburgh, PhD: Alex Psirides, FCICM; Sumeet Reddy, MBChB; Rinaldo Bellomo, FCICM;
for the SPLIT Investigators and the ANZICS CTG

INTERVENTIONS Participating ICUs were assigned a masked study fluid, either saline or a

buffered crystalloid, for alternating 7-week treatment blocks. Two ICUs commenced using 1

quu:I and the nther 2 mmmenced using the alternative fluid. Two crossovers occurred so that
- - 8 weeks of the study. The treating clinician

Figure 2. Cumulative Incidence of Patients Requiring Renal Replacement Therapy Until Day 90

After Envollmentinthe SPLIT Trial id administration.
I, ® mary outcome was proportion of patients with AKI
;* ) | of at least 2-fold or a serum creatinine level of
’e — 1g/dL); main secondary outcomes were incidence of
- s s 3, 102 of 1067 patients (9.6%) developed AIKI within
Buffered crystaliold 1152 341 134 62 36 runcated af
i - “ " Prestmislacis prerant "m.. 94 of 1025 patients (9.2%) in the saline group <

(absolute difference, 0.4% [95% Cl, -2.1% to 2.9%]; relative risk [RR], 1.04 [95% CI, 0.80 to
1.361; P = .77). In the buffered crystalloid group, RRT was used in 38 of 1152 patients (3.3%)
compared with 38 of 1110 patients (3.4%) in the saline group (absolute difference, -0.1%
[95% CI, -1.6% to 1.4%]); RR, 0.96 [95% Cl, 0.62 to 1.50]; P = .91). Overall, 87 of 1152 patients
(7.6%) in the buffered crystalloid group and 95 of 1110 patients (8.6%) in the saline group
died in the hospital {absolute difference, -1.0% [95% Cl, -3.3% t0 1.2%]; RR, 0.88 [95% CI,
0.67to117]; P = 40).

LUSIONS AND RELEVANCE Among patients receiving crystalloid fluid therapy in the ICL
use of a buffered crystalloid compared with saline did not reduce the risk of AKI. Further large
dumlzed cllnlr.:al trials are needed to assess efficacy in higher-risk populations and to




What is the ideal crystalloid?

Karthik Raghunathan?® Patrick Nailer®, and Ryan Konoske®

Curr Opin Crit Care 2015, 21:309-314

When the goal of therapy is to correct dehydration
and hypochloremic alkalosis (this might occur from
prolonged vomiting or nasogastric suctioning), iso-
tonic saline is appropriate. Similarly, Plasma-Lyte
may be appropriate for coadministration with blood
products when there is significant blood loss,
thereby avoiding both the risk of precipitation of
citrate and hyperchloremic acidosis.
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Fluid Composition and
Clinical Effects

Matt Varrier, msss, Mrcp, Marlies Ostermann, phD, MD, FRCP, EDIC*

Colloids

Colloids are crystalloid solutions containing oncotic macromolecules that largely
remain in the intravascular space and, thereby, generate an oncotic pressure

polydispersity. Following infusion, the net effect depends on the type of colloid, the
concentration, the distribution of its molecular weight (MW), and the crystalloid
carrier.

Large molecules have restricted movement across the capillary wall. By acting as
effective osmoles, they keep water in the intravascular space and prevent free move-
ment into the interstitial space (oncotic pressure) (see Table 2). In contrast, small sol-
utes move rapidly into the extravascular space in response to a concentration gradient
and/or hydrostatic pressure. In health, a low concentration of protein is also found in
the interstitium, which exerts a small tissue oncotic pressure.
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IMPORTANT PROPERTIES OF COLLOIDS
Molecular Weight

Large molecules have a greater oncotic effect and may take longer to be metabolized
and eliminated and, therefore, lengthen the duration of action. Smaller molecules may
be cleared faster and are also more permeable across the capillary wall. The oncotic
effects are dynamic as larger molecules may be broken down to smaller molecules
with differing properties.'”

Oncotic Pressure

The oncotic pressure generated by a colloid is primarily determined by the MW and
concentration (Table 3). Hyperoncotic preparations (eg, albumin 20%) expand the
plasma volume by more than the volume infused.’

Metabolism, Elimination, and Duration of Effect

The body handles each type of colloid differently, and the plasma half-lives vary
greatly (see Table 3). In general, larger molecules take longer to be metabolized
and have a longer duration of action, especially if their metabolites are also osmotically
active. Smaller molecules less than the glomerular threshold of 60 kDa are excreted in
the urine, provided the renal function is intact.

Carrier Fluid

All colloids are carried in a crystalloid solution. Commonly this is NaCl based, although
balanced colloids are available (see Table 3). The carrier solution has similar effects to
when infused alone (eg, hyperchloremic metabolic acidosis in the case of 0.9% NaCl).
The degree to which this occurs depends on the volume, rate, and underlying

physiology.
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Intravascular Volume Replacement Therapy with Synthetic
Colloids: Is There an Influence on Renal Function?

Joachim Boldt, Mo+, and Hans-Joachim Priebe, FRC A+

Table 1. Characteristics of the Ditferent Colloids

Abumin - Abumin HES| HES | HES HES HES HES Dedn  Deden
Variable Yoo WWEL TO0S{ 15004 X005 2005 X0/082 407 6 I Voelatins

Concentration (%) bk | b b I 3555 |
Vohume efficacy (%) | & LA L 15 1 A N 15 (Y |
-

b
il
Volume effect (1) St Short | Short| Short | Medum Mediom long  Lng  Long  Medium | Sho

P O 2 I I G4 -
Mean molecular I A N | | il I %
weght (i
Degree of subatitution 05 04 05 0% a2 07
(2/Ch ratia L el el &l Wl 4
HES = hydroxyethy] starch
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Colloids

Colloids are crystalloid solutions containing oncotic macromolecules that largely
remain in the intravascular space and, thereby, generate an oncotic pressure

Table 2. Electrolyte composition (mmol/l) of commonly available colloids

Voluven® Venofundin® Hextend® Volulyte®* PlasmaVolume® Tetraspan®
(waxy maize (potato (waxy maize  (waxy maize (potato (potato
Albumin Plasmion® HES 6% HES 6% HES 6% HES 6% HES 6% HES 6%
4% Geloplasma® Gelofusine®  130/0.40) 130/0.42) 670/0.75) 130/0.40) 130/0.42) 130/0.42)
Sodium 140 150 154 154 154 143 137 130 140
Potassium 0 5 0 0 0 3 - 54 40
Chloride 128 100 125 154 154 124 110 112 118
Calcium 0 0 0 0 0 2.5 0 0.9 2.5
Magnesium 0 15 0 0 05 15 1 1.0
Bicarbonate 0 0 0 0 0 0 0 0 0
Lactate 0 30 0 0 0 28 0 0 0
Acetate 0 0 0 0 0 0 34 27 24
Malate 0 0 0 0 0 0 0 0 5
Octanoate 6.4 0 0 0 0 0 0 0 0

HES, hydroxyethyl starch. Gelofusine®, Venofundin® and Tetraspan® from B Braun (Melsungen, Germany). Plasmion®, Geloplasma®, Voluven® and Volulyte® from
Fresenius-Kabi (Bad Homburg, Germany). Hextend® from BioTime Inc. (Berkeley, CA, USA). PlasmaVolume® from Baxter International (Deerfield, IL, USA).
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CAN J ANESTH 2006 / 53: 6 / pp S30-539 The eftects of colloid solutions on hemostasis

[Les effets des solutions colloides sur hémostase |
Bl 010!]1 Cﬂl t.’fft‘ft&' Philippe Van der Linden MD Php,* Brigitte E. Ickx Mp}

Albumin inhibits platelet aggregation directly.' In con-
trast to synthetic colloids, albumin does not have a coat-
ing effect on platelets.!® In vitro, albumin might also
alter fibrin polymerization,!” without apparent physi-
ological consequences. In vivo, albumin does not appear
to have specific effects on hemostatic components,
except those related to_hemodilution.!®!3 These effects
appear significant only when hemodilution becomes
profound (blood volume exchange above 30%).!%2°

Clinical effects

Several clinical studies, in cardiac, orthopedic and
urologic surgery and in the intensive care unit, have
evaluated the effects of synthetic colloids on periop-
erative hemostasis, using albumin as the substitute of
reference. In none of these studies has albumin been
associated with bleeding greater than with svnthetic

colloids.1®21-2% Consequently, albumin is considered as
a colloid devoid of any specific effect on hemostasis.

MA_ 15 _otto




CAN J ANESTH 2006 / 53: 6 s pp s30.s30 L he effects of colloid solutions on hemostasis

[ Les effets des solutions colloides sur Ubémostase |

Philippe Van der Linden MD PhD,* Brigitte E. Ickx MDt

Gelatins
Pharmacology
" Gelatins are polypeptides obtained b
of bovine collagen.®® The addition of
anhydride leads to profound modifica
polypeptide’s conformation resulting in Gic picpara-
\__tion of “fluid moditied gelatins”. The cross-linking of
the raw polypeptides by the addition of hexamethyl
di-isocyanate results in the preparation of “urea-linked
gelatins”. Concentrations of the ditferent gelatin
solutions available commercially vary from 3.0 to 4.0

- 1 et

Hydroxylysine residues

Succinyl link

Gelatins MW (kDa) | Duration (hours) | Na*  ClI | K* | Ca* @ Major Risks
Urea-bridged v, 2-3 145 | 145 | 5.1 |6.26 | Allergy

Modified Fluid 35 AT IROMA 15 4,025 104 | 0. | Lower allergic risk

ff:!') érp 2




Clinical Relevance of the Effects of Plasma
Expanders on Coagulation

Marcel Levi, M.D., Ph.D., F.R.C.P.,” and Evert de Jonge, M.D., Ph.D.?

Although for a long
time gelatins were considered not to influence blood
coagulation other than by dilution,’ there is now
increasing evidence that gelatins do influence platelet
function and blood coagulation.

-

\ J

Semin Thromb Hemost 2007,33:810-815. Copyright © 2007 by
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Mardel SN, Saunders FM, Allen H, et al. Reduced quality of
clot formation with gelatin-based plasma substitutes. Br ]
Anaesth 1998;80:204-207

TR
ﬂ's;—d-’m ' o BN
Figure: Scanning electromicrographs of whole blood (top)
diluted to 66% with 0-9% sodium chloride and (bottom) with
succinylated gelatin

microscopy. T'he widespread mesh pattern of fibrin strands
seen in normal blood clot was retained in the 0-9% saline
control (figure, top), while this reticular network was much
reduced in clots containing gelatin colloids (figure, bottom).
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Anacsth Intensive Care 2012; 40: 17-32

Reviews

Benefits and risks of using gelatin solution as a plasma
iti ill patients:

expander for perioperative and
a meta-analysis

M. M. SAW*, B. CHAND

T, K. M. HOE

Mortality (all cause hospital or 28 day)

Study Gelatin OR (fixed) Waeight OR (fixed)
n/N 95% CI % 95% CI

01 Gelatin vs Crystalioid

Wu 2001 2/18 — o

Parker 2004™ 19/198 8 |l——

Upadhyay 2005 —_—

Soares 2009

Gondos 2010"° 12/50 — 3

Sublotal (95% CI) 318 1 _; ]

Total events: 42 (Gelatin), 36 (Control)

Test for heterogeneity: F=5.7%

Test for overall effect: Z=0.78 (P=0.43)

02 Gelatin vs Albumin
Stockwell 1992 50/249
Gondos 2010" 12/50

Subtotal (95% C1) 299

Total events: 62 (Gelatin), 57 (Control)

Test for helerogeneity: P=0%
Test for overall effect: 2=0.04 (P=0.97)

03 Gelatin vs Starch

Beards 1994 6/1¢
Asfar 2000 12/1
Schortgen 20017

Molnar 2004™

Van der Linden 2004™

Van der Linden 2005™

Ooi Su Min 2009™

Gondos 2010

inal 2010

Subtotal (95% CI)
Total events: 79 (Gelatin), 81 (Control)

Test for heterogeneity: "=0%

Test for overall effect: 2=0.40 (P=0.69)

Total (95% CI) 959

Total events: 183 (Gelatin), 174 (Control)
Test for heterogeneity: F=0%
Test for overall effect: 2=0.20 (P=0.84)

A total of 14 trials involving 1788 patients reported
data on mortality. Using gelatin as a plasma expander
was not associated with an increase in mortality when
compared to other types of intravenous fluids when
all strata of different types of alternative fluids were
pooled together (OR 1.03, 95% CI 0.80 to 1.32)
(Figure 2). The effect of gelatin on mortality was
not different when compared to only a) crystalloids
(OR 1.22, 95% CI 0.75 to 1.99), b) hydroxyethyl
starches (OR 091, 95% CI 0.59 to 1.41), or ¢)
albumin (OR 1.01, 95% CI 0.67 to 1.51). There was
no significant heterogeneity between the pooled trials
(F=0%).

More events in control group More events in gelatin group
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Anscsth Inscasive Care 2012; 8 17.32

Reviews
Benefits and risks of using gelatin solution as a plasma
expander for perioperative and critically ill patients:

a meta-analysis

M. M. SAW*, B. CI LERT, K. M. HO%

Amount Blood Transfused

Control WMD (fixad) Waight WMD (fixed)

N Mean (SD) 95% C1 % 95% CI
Tollofsrud 1095 = 490,00 (548.00) 1 67.00(200.00) —_— D4 423. 6l.44, 7B4.56
Wahba 1996" 1 330.00(390.00) 1 190,00 (510.00) —— .00 -60.00 [-457.93, 337.93]
Innerholer 2002 20 15.00(75.00) 2¢ 60.00(150,00) -t .00 -45.00 [-118.50, 28.50
seomosy Although the proportion of patients requiring
est for heterogeneity. I* . . . . .
Tostor oversl aflec: 2-0.72 (=047 allogeneic transfusion after receiving gelatin solutions
ok « = was not significantly different from patients who
e s ™ had received other types of intravenous fluids when

Test for overall effect: Z=2 05 (P=0.04)

e all strata of different alternative fluids were pooled
oo 007 =« wo together (OR 1.04, 95% CI 0.77 to 1.40), more

Karoutsos 1999

S . . patients in the gelatin group required allogeneic
Boks 2007™ 90 582 . . . .
Veooracke 0 « = transfusion compared to patients given crystalloids

Test o hercganaly: P0%. (OR 1.67, 95% CI 1.02 to 2.73), explaining

Test for overall effect: 2=0.00 (P=1.00)

04 Gelatin vs Daxtran

Tolofsrud 1985" 10 490.00(548,00) 10 390,00 (417.( —— e 0,00 100, 00
Subtotal (95% CI) 10 10 s 0.00 100,00
Test for heterogeneity: not applicable
Test for overall effect. Z=0 46 (P=0.65)

Total (95% C1) 433

Test for heterogeneity: =28 6%
Test for overall effect: 2=0.00 (P=1.00)

-1000 -500 0 500 1000
More in Control group More in Gelatin group
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ldrossietilamidi (HES)

HES: HYDROXYETHYLATION |

| the molar substitution (mol hydroxyethyl residues
per mol glucose subunit) into hetastarch (highly sub- . .....cuon o syom

thh hydroxyethyl groups

stituted: 0.62-0.75), pentastarch (medium substi- e ene At o
capacity et B el
tuted: 0.5) and tetrastarch (low substituted: 0.4), e e L L —

» reduced degradation
increased half life

2 the C2/C6 ratio (pattern of hydroxyethylation at the
carbon position C2 and C6) into solutions with a high

(2/C6 ratio (> 8) and low C2/C6 ratio (< 8), and HYDROXYETHYLATION 1
3 the manufactured mean molecular weight into high- * e highertheratiop 05 S
molecular-weight (450-670 kD), medium-molecular-  acrvsd v congiutin ( 12

WEight (130, 200 kD) and IOW‘mOIECUIar'WEight 4 the lower the ratio (<0,5) Qﬁ

1+ good stability

solutions (< 70 kD). o ) e

4 reduced side effects

cuou
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Principles of perioperative coagulopathy

Petra Innerhofer, MD, Assoc. Prof.®*, Joachim Kienast, MD, Assoc. Prof."

The induction of a von Willebrand-like syndrome
has been observed in patients receiving HES solutions, and a significant decrease in von Willebrand
Ristocetin activity (localised at the high molecular part of the vWEF, permits platelet adhesion to the
endothelium and between each other) was also observed following infusion of gelatine.®®® However,

IT can De assumed that, In most surgical patients, these eliects are minor when using the rapi
degradable new HES solution at recommended doses. By contrast, in patients showing borderline vWF

activity or repeatedly receiving highly substituted high-molecular-weight HES over several days,
severe bleeding can be provoked.®’ Although gelatin, HES130/0.4 and HES 200/0.5 showed no influ-

ence on endogenous release of molecular markers of fibrinolysis in vivo, a decreased resistance of clots
to fibrinolysis has been observed with colloids in vitro.®*® This might refer to colloid-associated
interference with FXIII or to the fact that weaker clots dissolve faster,”®’!

Best Practice & Research Clinical Anaesthesiology 24 (2010) 1-14
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Secretion

Procoagulant
activity

Xa VEa

Polymerisation ‘ Va
XHla Ba<—10

' b

fibrin net «<——fibrin «<—1

negatively charged
phospholipids

GAC co
Adhesion

decreased HES macromolecule

Fig. 2. Effect of hydroxyethyl starch molecules (HES) on hemostasis. Slowly degradable HES solutions durtk > (red arrows) the
plasma concentration ofNsaagulation factor VIII and its carrier ;,l\u)prolun ((-P) von \Mlltl)r.md factor symbols). Conse-
quently, von Willebrand factor-mcdimed—relling - ; ollagen (CO) and heparin-like
glvcosaminoglycans (GAC) involving platelet GP lb—L\ and GP IIb-Illa (light yellow symbols) are impaired in the presence of HES.

Anesthesiology 2005; 103:654-60 © 2005 American Society of Anesthesiologists, Inc. Lippincott Williams & Wilkins, Inc.

Effects of Hydroxyethyl Starch Solutions on Hemostasis

Sibylle A. Kozek-Langenecker, M.D.*



proposed by early studies. HES may inhibit platelet reac-

tivity by blocking the access of ligands to surface recep-

tors (fig. 2) or by an unspecific modification of cytoplas-

mic membrane structures, and a consecutive inhibition

of the conformational change of GP IIb-IlIa. It remains
|« xa

X

«— [Xa
l A Secretion
Xa VHa

Procoagulant
~ activity
Polymerisation l «—Va &8
XHa Ha <—11

fibrin net qunm 1L|
negatively charged
phospholipids

GAC co
Adhesion

i
Reduced availability of activated GP IIb-1lla by platelet surface coating of HES macromolecules (HES) impairs adhesion to surface-
bound fibrinogen (Fg) and, most important, soluble fibrinogen (Fg) ligand binding between neighboring platelets causing platelet
aggregation. Activated platelets expose negatively charged phospholipids (black dots) on their surface, which bind constituents of
the prothrombinase (Va) and tenase complex (VIIIa; procoagulant activity). Consequently, reduced availability of the accelerator
VIIIa results in diminished activation of factor X in the intrinsic coagulation pathway. HES impairs fibrin polymerization required
for stable clot formation. The in vivo pharmacokinetic behavior of HES types, especially the in vivo molecular weight and HES plasma

Ancsthesiology 2005; 103654 - 60 2005 American Sockety of Ancsthesiologists, Inc. Lippincott Williams & Wilkins, Inc

Effects of Hydroxyethyl Starch Solutions on Hemostasis

Sibylle A. Kozek-Langenecker, M.D."



6. Brunkhorst FM, Engel C, Bloos F,

Meier-Hellmann A, Ragaller M, Weiler
N, Moerer O, Gruendling M, Oppert M.,
Cirond 5, Olthoft 1, Jaschinski U, John
S, Rossaint B, Welte T, Schaefer M,
Kern P, Kuhnt E, Kiehntopf M, Hartog
C, Natanson C, Loelller M, Remmhbart K
(2008) Intensive insulin therapy and
pentastarch resuscitation in severe
sepsis. W Engl J Med 358:125-139. doi:
|0, 1056/NEIMaaly 707 16

. Myburgh JA, Finfer 8, Bellomo R,
Billot L, Cass A, Gattas D, Glass P,
Lipman I, Lin B, McArthur C,

5. Perner A, Haase N, Guttormsen AB,
Tenhunen I, Klemenzson G, Aneman
A, Madsen KE, Maller MH, Elkjar IM,
Poulsen LM, Bendtsen A, Winding R,
Steensen M., Berezowicz P, See-Jensen
P. Bestle M, Strand K, Wiis I, White
JO, Thomberg KJ, Quist L, Nielsen I,
Andersen LH, Holst LB, Thormar K.
Kjeldgaard A-L, Fabritius ML,
Mondrup F, Pott FC, Meller TP, Winkel
P, Wetterslev 1 (2012) Hydroxyethyl
starch 1307042 versus Ringer’s acetate
in severe sepsis. N Engl T Med
367:124-134, doi: 10.1056/NEITMoa ]

MoeGuinness 5, Rajbhandan [, Taylor 204942
CB, Webb SAR (2012) Hydroxyethyl

starch or saline for Muid resuscitation in

intensive care. N Engl T Med

367:1901-19211. doi: 10, 1056/NEJMoa

1 2097549

SIMTI - ROMA 15 ottobre 2015



O

EUROPEAN MEDICINES AGENCY

SCIENCE MEDICIMNES HEALTH

25 October 2013
EMA/640658/2013

Hydroxyethyl-starch solutions (HES) should no longer be
used in patients with sepsis or burn injuries or in critically
ill patients — CMDh_endorsesPRA scomendations

HES will be availatsie in restricted patient populations

The CMDh also agfeed with the PRAC recommendation that HES solutions may continue to be usetn
patients to treat hypovolaemia (low blood volume) caused by acute (sudden) blood loss, where
treatment with-stternatve IHESIENS solufions known as "crystalloids atomeare-net-considered to be
sufficient. In order to minimise potential risks In these patients, HES selutions should not be used for
Aere than 24 hours and patients' kidney function should be monitored after HES administration-
addition to updating the product information, Turther studies should be carried out on the use of these
medicines In elective surgery and trauma patients.
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ﬂzni { Raccomandazioni per I'implementazione del programma di 1
Z|ONALE Patient Blood Management Edizione
SAN G UE Applicazione in chirurgia ortopedica ma&giore elettiva dell’adulto

muigliorare il trasporto di ossigeno, si raccomanda di impiegare le soluzioni di cristalloidi e 1
collodi non proteici come trattamento di prima scelta, utilizzando 1’albumina al 5% come
seconda scelta, quando le soluzioni di cristalloidi e 1 collodi non proteici siano stati gia

impiegati a dosaggl massimali, senza avere ottenuto una risposta clinica adeguata, e laddove 1

colloidi non proteici siano contretmdrcati [TA].
Si raccemianda di non utilizzare le soluziomi di amudo idrossietilico per la Testgzione
dell’ipovolemia acuta nei pazienti emorragici a causa dell’aumento del rischio di mortalita €
di insufficienza renale [1B].

Si raccomanda di non impiegare le soluzioni di amido idrossietilico ad alto peso molecolare
allo scopo di evitare alterazioni dell’emostasi caratterizzate da ridotta funzionalita piastrinica

[1B].

awura di

Stefania Vaglio, Domenico Prisco, Gianni Biancofiore, Daniela Rafanelli, PaclaAntonioli, Michele Lisanti,

Lorenzo Andreani, Leonardo Basso, Claudio Velati, Giuliano Grazzini, Giancarlo Maria Liumbruno
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NOTA INFORMATIVA IMPORTANTE
CONCORDATA CON L’AGENZIA EUROPEA DEI MEDICINALI (EMA) E L’AGENZIA ITALIANA
DEL FARMACO (AIFA)

Restrizione d’uso di HES
(medicinali contenenti amido idrossietilico)
Amidolite, Tetraspan,Volulyte, HAES-STERIL,Voluven,
Hyperhaes, Vonten e Plasmavolume

ha concluso che il rapporto beneficio-rischio per i medicinali contenenti amiths
idrossietilico (HES) rimane favorevole nel trattamento dell'ipovolemia causata da emorragia
acuta, quando i cristalloidi da soli non sono considerati sufficienti, a condizione che siano
Imptementate restrizioni delle indicazioni, controindicazioni, avvertenze ed altre modifietre

alle informazioni contenute MefTiassumtodettecaratterrsticie del prodotto, quali misure di
minimizzazione dei rischi.
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NOTA INFORMATIVA IMPORTANTE
CONCORDATA CON L’AGENZIA EUROPEA DEI MEDICINALI (EMA) E L’AGENZIA ITALIANA
DEL FARMACO (AIFA)

Restrizione d’uso di HES
(medicinali contenenti amido idrossietilico)
Amidolite, Tetraspan,Volulyte, HAES-STERIL,Voluven,
Hyperhaes, Vonten e Plasmavolume

| prodotti contenenti HES sono ora controindicati nelle seguenti condizioni:

o Sepsi

o Ustioni

o Insufficienza renale o terapia renale sostitutiva

o Emorragia intracranica o cerebrale

o Pazienti critici (tipicamente ricoverati in Terapia Intensiva)
o Pazienti iperidratati, inclusi i pazienti con edema polmonare
o Pazienti disidratati

o lperkaliemia (applicabile solo ai prodotti contenenti potassio)
o Grave iponatriemia o grave ipercloremia

o Coagulopatia grave

o Funzionalita epatica gravemente compromessa

Insufficienza cardiaca congestizia
o Pazienti sottoposti a trapianto d’organo

C’'e una manc ati di sicurezza consistenti a 1 ine nei pazienti
sott I a procedure chirurgiche e nei pazienti con trauma. Il beneficio so del
attamento deve essere attentamente valutato in relazione all’incerto profild
sicurezza a lungo termine, e devono essere considerati i trattamenti alternativi
disponibili. Ulteriori studi saranno eseguiti con soluzioni HES in pazienti con trauma e
nella chirurgia elettiva.
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11 ations have been used for decades to augment blood
tly regarding possible adverse outcomes when using
05 ially in patients with septic shock. However, the phar-
0 )erties of HES p:rreparatmns depend on their chemical
Tetrastarch Comparator , different clinica in differing
Figure 1. Mortality from all publications reporting such data. Bars ratmnﬁ 2 S tetra_

are 95% confidence intervals.

tions of studies that met a priori inclusion cfri
2139 patients treated with tetrastarch compared parator,
There were no indications that the use of tetrastarche adverse renal

effects as assessed by change or absolute concentrations of serum creatlnme or need for renal
replacement therapy (39 trials, 3389 patients), increased blood loss (38 trials, 3280 patients),
allogeneic erythrocyte transfusion (20 trials, 2151 patients; odds ratio for HES transfusion 0.73
[95% confidence interval = 0,61-0.87], P = 0.0005), or increased mortality (odds ratio for HES
mortality = 0.51 [0.24-1.05], P = 0.079). (Anesth Analg 2013;116:35-48)
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Various hydroxyethyl starch (HES) preparations have been u
volume. There has been concern recently regarding possil
HES in the intensive care setting, especially in patients wit
macokinetic and pharmacodynamic properties of HES prep
composition and source material. Thus, different clinical
effectiveness and safety for these preparations. Consequen
starches when used during surgery, using a formal search, 1
tions of studies that met a priori inclusion criteria and ranc

OR: 0,73
[0.61-0.87]
479,027
P=0,0004 N
&l T
386/995 1
40 I
Patients |
Transfused
30
(%)
[95% CI]
20
10
0
Tetrastarch Comparator

Figure 4. Fraction of patients transfused with allogengic red cells
comparing those given a tetrastarch versus all other compara
tors, Twenty tnals reported allogeneic red cell transfusion (2151
patients); 2 reported no difference without actual data; 18 studies
pravided data for 2022 patients. Bars are 95% confidence intervals.

2139 patients treated with tetrastarch compared with 2390 pauciie usawu wiui a vuinparaw.
There were no indications that the use of tetrastarches during surgery induces adverse renal
effects as assessed by change or absolute concentrations of serum creatinine or need for renal
replacement therapy (39 trials, 3389 patients), increased blood loss (38 trials, 3280 patients),
allogeneic erythrocyte transfusion (20 trials, 2151 patients; odds ratio for HES transfusion 0.73
[95% confidence interval = 0,61-0.87], P = 0.0005), or increased mortality (odds ratio for HES
mortality = 0.51 [0.24-1.05], P = 0.079). (Anesth Analg 2013;116:35-48)
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Incidence of postoperative death and acute kidney injury
associated with i.v. 6% hydroxyethyl starch use: systematic
review and meta-analysis

M. A. Gillies'*, M. Habicher?, S. Jhanji3, M. Sander?, M. Mythen*, M. Hamilton® and R. M. Pearse®

Con -

The principal finding of this study was that there was no differ-
ence in hospital mortality, requirement for RRT, or author-
defined AKI associated with perioperative use of iv. 6%
. solutions. Although most studies were small with lov

event rates; therewas little between-study heterogeneity and
narrow confidence intervals. A very large randomlzed trial of
6% HES solution ate either sig-
nefit or harm associated with the use of these
tions in surgical patients. Given the absence of demonstrable
benefit, the clear risks in criticallyill patients, and the additional
cost over more widely used fluids, we are unable to recommend
utine clinical use of 6% HES solution in surgical patients.
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Shaw AD, Kellum JA: The risk of AKI in patients treated with
intravenous solutions containing hydroxyethyl starch. Clin J
Am Soc Nephrol 2013; 8:497-503

clusions regarding HES difficult. The effect of fluid therapy
depends deeply on an intact endothelial glycocalyx layer, which
is severely compromised in patients with septicemia. Thus, the
degraded glycocalyx results in immediate tissue edema, less

effect of the administered fluid therapy and increased harm.*"*!
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clusions regarding HES difficult. The effect of fluid therapy
depends deeply on an intact endothelial glycocalyx layer, which
is severely compromised in patients with septicemia. Thus, the
degraded glycocalyx results in immediate tissue edema, less
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vzl Intravenous Starches: Is Suspen;ion the Best Solution?

Karthik Raghunathan, MD, MPH,*+ Timothy E. Miller, MB CH
Andrew D. Shaw, MB, FRCA, FCCM, FFICM*+

HES. The traditional Starling model of forces governing IV
fluid disposition is being revised with increasing insight into
the role of the endothelial glycocalyx layer and volume con-

text, " and physiologic appraisal suggests that traditional
colloid-crystalloid distinctions may be of less importance
than previously thought. The risk ol wsre—Todern tetra-
starch in the sefting of an intact glycocalyx in the patient
undergoing intravascular volume optimization early during
major surgery may be potentially different than risks associ-

ated with severe 5&]3515 where there is significant glycocalyx
shedding and ien, From a clinical standpoint: first,
patients presenting for preempriv g optimization (the
population-at-risk) have a lower predicted morl3
line (compared with ICU patients). Assessment of mortality

risks associated with use of HES during GDT would require
a very large RCT (rare outcome). Second, HES during GDT is
restricted to those instances where flow improves with fluid
administration.® As su gested by the CRISTAL trial, 1-;.i-1Fet].-'
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Update of use of hydroxyethyl starches in surgery and trauma

Richard B. Weiskopf, MD and Michael F.M. James, MB, ChB, PhD

J Trauma Acute Care Surg
Volume 78, Number 6, Supplement 1

Independent of the important methodological and inter-
pretative flaws nf‘ two trials of HES in ICU populations (exclu-
sively or with a : wtial fraction-of septic shock), there are

therapeutic differences r::‘_ard'mg‘ﬂtﬁk usc 1n these populatrons

Iple doses given over several days or weeks vs. adminis
tration only Tor several-hours)—Regulatory—warnmings and pro-
hibitions do not adequately address these 1ssues. The data derived
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But Is It Safe? Hydroxyethyl Starch in Perioperative Care

Steven Greenberg, MD,* and Avery Tung, MDY

March 2015 & Volume 120 « Number 3

Is HES safe for perioperative use? As no large random-
ized trials comparable to 65 or CHEST exist for periopera-
tive use, a definitive answer is not possible, and existing
studies regarding the perioperative nephrotoxicity of HES

use are mixed.”™ 2

——>
—

Clinicians might consider some general observations.
First, the longevity of HES in clinical use suggests that for
most patients, the magnitude of any nephrotoxic risk is likely
to be small and a greater perioperative concern may be the
risk of coagulopathy or anaphylactoid reaction. Second, any
nephrotoxic effect is likely to be greater in patients at greater
risk for perioperative renal injury. Identifying preoperative
risk factors for nephrotoxicity might then assist in determin-
ing which patients, if any, might receive HES safely. Finally,
existing data suggest that the magnitude of any increased
overall risk attributable to HES alone (and not to factors
related to HES administration such as the need for acute
resuscitation) is small. Even in patients with severe sepsis®’
or undergoing liver transplant,'” the attributable adjusted
or multivariate odds ratio for renal injury or RRT is <1.4.
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Fluid Overload and Surgical Outcome

Another Piece in the Jigsaw

Dileep N. Lobo, DM, FRCS

the |Ath centupPhtlaane Thansheaetie Aureolus Bom-

astus von Hohenheim, better known as Paracelsus, said. “Porson:

i every!
either g

hing, and o thing 15 without poson, The dosage makes 1

01801 0F A remedy.
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Recommendations for Fluid Resuscitation in Acutely lll Patients.

Table 2. Recommendations for Fluid Resuscitation in Acutely Ill Patients.

Fluids should be administered with the same caution that is used with any intravenous drug.

Consider the type, dose, indications, contraindications, potential for toxicity, and cost.

Fluid resuscitation is a component of a complex physiological process.

Identify the fluid that is most likely to be lost and replace the fluid lost in equivalent volumes.

Consider serum sodium, osmolarity, and acid—base status when selecting a resuscitation fluid.
Consider cumulative fluid balance and actual body weight when selecting the dose of resuscitation fluid.

Consider the early use of catecholamines as concomitant treatment of shock.

Fluid requirements change over time in critically ill patients.
The cumulative dose of resuscitation and maintenance fluids is associated with interstitial edema.
Pathological edema is associated with an adverse outcome.

Oliguria is a normal response to hypovolemia and should not be used solely as a trigger or end point for fluid resuscita-
tion, particularly in the post-resuscitation period.

The use of a fluid challenge in the post-resuscitation period (=24 hours) is questionable.

The use of hypotonic maintenance fluids is questionable once dehydration has been corrected.

Specific considerations apply to different categories of patients.

Bleeding patients require control of hemorrhage and transfusion with red cells and blood components as indicated.
Isotonic, balanced salt solutions are a pragmatic initial resuscitation fluid for the majority of acutely ill patients.
Consider saline in patients with hypovolemia and alkalosis.

Consider albumin during the early resuscitation of patients with severe sepsis.

Saline or isotonic crystalloids are indicated in patients with traumatic brain injury.

Albumin is not indicated in patients with traumatic brain injury.

Hydroxyethyl starch is not indicated in patients with sepsis or those at risk for acute kidney injury.

The safety of other semisynthetic colloids has not been established, so the use of these solutions is not recommended.
The safety of hypertonic saline has not been established.

The appropriate type and dose of resuscitation fluid in patients with burns has not been determined.
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Volume Therapy with Hydroxyethyl Starches: Are We
Throwing the Anesthesia Baby Out with the
Intensive Care Unit Bathwater?

Michael G. Irwin, MD, FHKAM, FANZCA, FRCA, DA, ME ChB,* and Tong J. Gan, MD, MHS, FRCATt
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