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Abstract

Purpose A few randomized controlled trials (RCTs) have compared crystalloid-based goal-directed fluid therapy (GDFT)
with starch-based GDFT in patients undergoing major surgical procedures with conflicting results. In this meta-analysis,
colloid-based GDFT was compared with crystalloid-based GDFT.

Methods In this meta-analysis, RCTs comparing colloid- and crystalloid-based GDFT in patients undergoing non-cardiac
surgery were included. Binary outcomes were reported as risk ratio (RR) and continuous outcomes were reported as mean
difference (MD) with 95% confidence interval (95% CI). PubMed, PubMed central, The Cochrane Library database and
EMBASE were searched for potentially eligible trials from inception to 28 February 2020.

Results Data of 2392 patients from nine RCTs were included in this meta-analysis. Mortality at the longest available follow-
up [RR (95% CI) 1.44 (0.88, 2.34); p=0.15], postoperative kidney dysfunction [RR (95% CI) 1.07 (0.72, 1.60); p=0.73],
postoperative length of hospital stay [MD (95% CI) —0.29 (—1.25, 0.66) d; p=0.55], cardiovascular complications [RR (95%
CI) 1.20 (0.50, 2.88); p=0.68], wound complications [RR (95% CI) 1.08 (0.76, 1.54); p=0.66], pulmonary complications
[RR (95% CI) 0.90 (0.71, 1.140); p=0.40] and bleeding [RR (95% CI) 1.24 (0.77, 1.99); p=0.37] were similar in both the
groups. Postoperative major complications were also similar between patients who received colloid and crystalloid [RR
(95% CI) 0.79 (0.48, 1.29); p=0.34].

Conclusion Colloids in goal-directed fluid therapy protocol does not offer any benefit over crystalloid-based goal-directed
fluid therapy protocol in patients undergoing major non-cardiac surgical procedure.

Keywords Colloid - Crystalloid - Goal-directed fluid therapy - Major surgery - Postoperative outcome - Major surgery -
Postoperative outcome - Hemodynamic target

Introduction

Perioperative fluid therapy in patients undergoing major
surgical procedure is linked with postoperative clinical out-
come [1]. Both the amount and type of fluid administered
in the perioperative period contribute to the postoperative
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outcome. ‘Goal-directed fluid therapy (GDFT)’ is consid-
ered to reduce postoperative mortality and morbidity in
various clinical scenarios [2]. Most commonly, GDFT is
achieved by optimization of stroke volume by intravenous
fluid administration. A prior meta-analysis has demonstrated
that GDFT reduces postoperative abdominal complications,
with no demonstrable effect on mortality or length of hospi-
tal stay [3]. The majority of the randomized controlled trials
(RCT) used intermittent synthetic colloid boluses such as
starch or gelatin, for goal-directed management. Recently
colloids, especially synthetic starches, have been challenged
in critically ill patients as they offer no benefit over crystal-
loid, and possibly increase the need for renal replacement
therapy and blood transfusion [4, 5]. Several researches were
conducted on perioperative use of hydroxyethyl starch, the
most commonly used synthetic colloid. A systematic review
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and meta-analysis of 19 RCTs consisting of more than 1500
patients failed to demonstrate any effect of starch on post-
operative kidney dysfunction. It also failed to demonstrate
any benefit of colloid over crystalloid [6]. Moreover, use of
starch was associated with kidney dysfunction both in criti-
cally ill patients and cardiac surgical patients which needs
serious attention [7, 8].

Recently, a number of RCTs have compared crystalloid-
based GDFT with starch-based GDFT in patients undergo-
ing major surgical procedures, with a few RCTs showing
benefit of starch over crystalloid, and the rest showing no
benefit [8—15]. However, the majority of the RCTs had small
samples. Hence, this systematic review and meta-analysis of
RCTs was planned to identify whether colloid-based GDFT
was superior to crystalloid-based GDFT.

Method

The PRISMA guidelines were followed for conducting and
reporting of this meta-analysis and systematic review [16].
The protocol of this meta-analysis was registered in PROS-
PERO (CRD42019131745).

Eligibility criteria

Published RCTs comparing colloid-based GDFT with crys-
talloid-based GDFT regimen in adult patients undergoing
non-cardiac surgeries were included in this meta-analysis.
RCTs, which used any synthetic colloid such as starch, gela-
tin or dextran as intravenous fluid boluses for goal-directed
therapy, were included in this meta-analysis. Any validated
method of intravascular volume optimization such as meas-
urement of cardiac output and/ or cardiac index, stroke
volume variation, pulse pressure variation, and corrected
flow time were considered as ‘GDFT’. RCTs that reported
at least one postoperative complication were included in this
meta-analysis.

Exclusion criteria

RCTs in patients undergoing cardiac surgery were not
included in this meta-analysis.

Information sources

PubMed, PubMed central, The Cochrane Library database
and EMBASE were searched for potentially eligible trials
from inception to 28 February 2020. No language restric-
tion was applied in the search strategy. We also manually
searched references of the previously published relevant
meta-analyses.

@ Springer

Search strategy

The following keywords were used to search the databases:
“randomized controlled trial, randomized clinical trial,
colloid, crystalloid, goal directed therapy, goal directed
fluid therapy”. Details of PubMed/ PubMed Central, The
Cochrane Library database and EMBASE search strategy
have been provided in appendix 1.

Study selection

Title and abstracts of the possibly eligible trials were inde-
pendently searched by two authors (AT and SM). Then,
full texts of the potentially eligible trials were retrieved
and assessed for inclusion in this meta-analysis. Any disa-
greement between the two review authors were discussed
and solved in consultation with the third review author
(SB).

Data collection process

Required data from the eligible RCTs were extracted by
two independent authors (AT and SM) from the included
trials and all data were initially tabulated in a Microsoft
Excel™ (Microsoft Corp., Redmond, WA) data sheet. All
data were cross-checked by the third review author (SB).

Data items

The following data were retrieved from the full text: first
author, year of publication, country where work was done,
sample size, inclusion criteria of the patients, hemody-
namic optimization target (e.g. stroke volume, pulse pres-
sure variation, cardiac index, corrected flow time etc.),
details of colloid or crystalloid administered, blood loss,
postoperative outcome (major complications, postopera-
tive organ dysfunction, postoperative intensive care unit
(ICU) admission, postoperative hospital and ICU length
of stay and mortality at the longest reported follow-up).

Risk of bias in individual studies

The methodological quality of the included RCTs were
assessed by two independent authors (SM and SB). The
following methodological questions were searched from
the studies as per the Cochrane methodology (yes, no or
uncertain): method of randomization, allocation conceal-
ment, blinding of the participants and personnel, blinding
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of outcome assessment, incomplete data reporting, selec-
tive reporting and any other bias [17].

Summary measures and synthesis of results

Predefined primary outcome of this meta-analysis was ‘num-
ber of patients with at least one postoperative complication’.
Predefined secondary outcomes were ‘mortality at longest
available follow-up’, incidence of acute kidney injury (AKI),
length of hospital stay, any reported organ specific complica-
tions (cardiovascular complications, wound complications,
pulmonary complications and bleeding) and incidence of
major postoperative complications (as defined by the trial
authors).

For a continuous variable, the mean and standard devia-
tion (SD) values were extracted from both arms of the trial, a
mean difference (MD) was computed at the study level, and
a weighted mean difference was computed to pool the results
across all RCTs. If the values were reported as median and
an inter-quartile range or total range of values, the mean
value was estimated from a previously described method
[18]. The risk ratio (RR) for each trial and pooled RR using
the inverse variance method were calculated for binary vari-
ables. All statistical variables were calculated with 95% con-
fidence interval (95% CI). The Q-test was used to analyze
the heterogeneity of trials. Considering the possible hetero-
geneity due to study design and patients’ population, we
used a random effect model for all pooled analysis. Pooled
analysis was conducted in RevMan software (Review Man-
ager (RevMan) [Computer program]. Version 5.3. Copen-
hagen: The Nordic Cochrane Centre, The Cochrane Col-
laboration, 2014). Publication bias was tested by Egger’s
regression test. A meta-regression was also planned to assess
the effects of sample size, baseline risk of events in con-
trol group patients and year of publication on postoperative
outcome in case more than ten trials are included. Miss-
ing outcome data were estimated by mice package in R (R
Development Core Team, 2010; R Foundation for Statistical
Computing, Vienna, Austria) by predictive mean matching.
Each outcome was assessed by GRADE (Grading of Rec-
ommendations, Assessment, Development and Evaluations)
methodology which considered risk of bias, imprecision,
inconsistency, indirectness and publication bias to determine
the ‘quality of evidences’ [19].

Results

Initial database searching revealed 8564 articles and after
duplicate removal and screening n =319 relevant articles
were assessed for inclusion in this meta-analysis. Search-
ing of the other sources revealed 18 other articles. Finally,
the data of 2392 patients from nine RCTs were included in

867
n=8564 of n=18 of
records additional
identified records
through identified
database through other
searching sources

| |
!

n=319 of records after ’

duplicates removed

n=116 of
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excluded by

n=126 of evaluating title &
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n=1 of full-text
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n=9 of studies
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synthesis

n=9 of studies
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quantitative
synthesis
(meta-analysis)

Fig. 1 PRISMA flow diagram showing the study selection procedure

this meta-analysis [9-15, 20, 21]. A PRISMA flow diagram
showing the process of study selection has been depicted in
Fig. 1. One RCT was not included because it included no
outcome that could be pooled from it [22]. Characteristics
of the included trials including the amount of study fluid
received in each group at individual trial have been reported
in Table 1. The review authors’ judgment about each risk of
bias in the individual trail has been depicted in Fig. 2.

Our original plan was to analyze the ‘number of patients
with at least one postoperative complication’ as primary
outcome. However, as no study explicitly reported this out-
come, the rest of the prespecified additional outcomes were
analyzed. Eight of the included trials reported postoperative

@ Springer



Journal of Anesthesia (2020) 34:865-875

868

sep -0¢ 1[€€-60] L1

Kep oATjRIO
-doysod 19|
10 331RYOSIp

rendsoy

[00S

skep 0¢ ‘001] 05T

=11l 17C

payrodar joN

[oos
‘0011 0ST

caod
e SINOd

uonouny
-sAp Aoupry
aaneradolsoq

suon
-eoridwos
Jolew jo
aysodwoo ©
£q pauyop
‘Kyprqrour

aaneradolsod

sosnjoq
oot
)M W)SAS
doof pasopo
Kq uonez

-tumdo AS

u/3y/[w

[C99C]t  =kewselq

o1y, O[]
woIj uonez

-rundo AAS

eloe|

(8SL) 1121 s Jo3ury

19rddoq
reaSeydosyg

9)e)de|

[vvectlee s Josury

SaH
P 0/0€T
%9 paoueeg

/8T

[6c‘6'116C ¥9 /1091

SHH

W (¥6£) 689 ¥'0/0€1 %9 ST /8¢

SHH
Isr-sol1 ¥'0/0€1 %9 OIS /LSOT

ye
s8I I8 ISB|
0) pajoadxa
K1931ns
[eurwopqe
uado 2An
-09[0 10 YO
o31opun 0}
Pa[npayos
sjuoned Jnpy
papnpout
oIom
T 00¢
—00C <SSso[
pooiq pajed
-onue pIm
VO Iapun
K1931ns
orpadoyjio
Jolew 10§
Pa[npayos
sjuoned Jnpy

NE

/34 g¢ ueyy
SS9[ JO Xaput
ssew Apoq
pey ‘II-1 Sd

VSV pue
Yz Ised]
je Jse[ 0)
paoadxa
K1331ns
[eutwopqe
paisisse
-o1doosor
-edey 10
uado 10§
Po[npayos
sjuaned Jnpy

[01] uassoor

[11] 18eAL,

[6] uoqey]

professfin
uoneInp

PIO[IOD

dn-morjoq

sso[ poolg

QWwo9IN0o
Krewig

S — ,Aunowry  [0d0301d pingg

Junowry pInig

STewdy

-Kpoway dnoi3 profeiski)

dnoi3 profjoy  /ez1s opdureg

syuedionreq oyny

J[qe[reAe se ‘(YOI) uerpaur 10 (JS) Ueaw se pajiodal ejep :S[eLn papn[oul Y} Jo sonsLIdoeIRy) | d|qel

pringer

Qs



869

Journal of Anesthesia (2020) 34:865-875

uon

-1sod suoid

) ur A198

s1ojouwrered -InSoInou

uore[ngeod Arewrid

pue s9[qe JBIJ0[] QATO9[2 10J

J3reyosip -LIeA OTWRU £q uomnez T e SAH pa[npayos
Tedsoy 1L, (8L2) 10T (091) 91¢ -kpowoyy  -tumdo AS  (18€) €681 s108ury W (L67) S98  +'0/0€T %9 LT /0¢ swenedimpy  [og] soorpury

Awo0109]00

[eIuoW3as

Keys 1rddoq ordoosoredey

[endsoy jo reaSeydosa 9AT}OQ[Q Jul

a8reyosip qISu9[ 2AN Kq uomnez QreI08[ SAH -03Iopun
Tevdsoy 1L, pajrodar 0N -erodojsod  -rumdo AS W (0S8) €98 sJoSury W (L87) 68  ¥'0/0ET %9 »79 swoenedimpy [¢1] a103euag

[W00s

uey ssI[ Jo

SSO[ Poo[q

paredionue

ue s

SoL193INS

[eunsauron

Aeys -se3 9ATIO9[

rendsoy jo Suro3ropun

93reyosip y)Suo 2AN T e)oR| SHH AIoM oYM
[endsoy I (6'6£)15°9ST (T9r) s9t -eredojsod Add  (I8¢) €681 sJe3ury W (L6T) $98  +'0/0ET %9 ,81/09 swenedimpy  [y]] Sueyz

K1931ns

woIsAs pider [€10910[02

0Ddr1 aAnode Sur

K1331ns 1938 woiy -03Iopun

G Aep je A1 PoALIdp SHH sjuaned

o5reydsIp Tw [029 [ -plqlows [eu %01 > AAS Tw [00LE projres£io Tw [000€ ¥'0/0¢1 ASL-YSIY
Tesrdsoy [, -0011 00z [00L-0S10ST  -nsdutonsen wiIeL  -000T] SLIE poouereg  -00ST]1 GL81 %9 padue[eq §8/20C 03 WwnIpaN [€1] sarex

K1331ns 9AT)

-onpar0jko

Suro3ropun

PpaIdlst 1rddoq J0UBD UBl

-urwpe pinyy [eaSeydoso SHH -IeAo Arewt

SNouQARIIUL WoIJ pozIu pro[reIsIo $'0/0€1 -ud s «[c1]
sypuowt ¢ 03 dny panodarjoN Jojunowy -ndo 9T4/AS %79 paouereq %16 %9 paduereq 8y/8y swuened ynpy Iostoypreg
pIo[eski) pro[[oD junowy [050joxd prnj Junowy pmyg
uoneInp QWwo9INo [eo3 orweu # # : Jrewoy

dn-morjoq SSO[ poorg Krewig -Kpoway dnoi3 profeisk1) dnoi3 profjoy  /oz1s opdureg syuedronreq Joyiny

(ponunuoo) | sjqey

pringer

a's



Journal of Anesthesia (2020) 34:865-875

870

-1S9YISAUE JO AI9100S UBOLIOWE VSV QU MO} PIOSLI0d 2[,] ‘UOTIBLIBA JWN[OA OIS AAS

Q[eWIR) 9IoM 7] Pue SISATEUBR-BIOW SIY) UI papn[oul 21om syuaned Oty

sIsA[eue-ejou SIy} ur papnyour axom sjuened ¢y @

uoneziundo SIUEUAPOWSY J0of PAIRISIUTWpPE ApnIs pmy Jo Junowry,,

piny Apnis Jo Sy/[w ()G JO JWI ASOP WNWIXBW PIAIIAI sjuaned Jo 9, partodar sioyiny

snye}s [eorsAyd sisi3o[o

‘uonerrea amssaxd aspnd AJgg ‘Yoress [AYIAX0IpAY §FH “BISOYISorRUR [BIUS ) ‘QWN[OA OIS AS

Kep -7

payrodar joN

suoneord
-woo Jofew
10 [Jeap Jo
QWo9INO
AKrewrad
Asodwo)

uon
-ezrundo AS

(000t Tw (00ST SHH
-0SL) 0STI  QUIES %60 -0SL) 0001 ¥'0/0€1 %9 16 /98

suoned
-1dwoo 2An
-erodoysod
Surdofoaap
Jo s Y3y
0} dJeIpaw
-I9)UI Ue pey
oym pue
193uo] 10
Yygjouon
-eInp € yIm
VD Japun
K1381ms
[euriopqe
JAT)OI[OUOU
IO 9AT)ORTd
Suro3ropun

sjuaned Inpy [1¢] 1onng

uoneInp
dn-morjoq

pro[reIsi)

PIO[IOD

sso[ poolg

QWwo9INo
Krewig

[e03 orweu
-Kpoway

,Aunowry  [od0301d pingg Junowry pmig
Srewoy

dnoi3 profeisk1) dnoi3 profjoy  /oz1s opdureg

syuedionreq oyny

(ponunuoo) | sjqey

b
)
)
5
et
|9
A
&l



Journal of Anesthesia (2020) 34:865-875

871
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Feldheiser 2013

~
@ | Other bias

Futier 2020
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. ‘ . . Blinding of outcome assessment (detection bias)

‘ . . ‘ . . ‘ . . Incomplete outcome data (attrition bias)

. . . . Blinding of participants and personnel (performance bias)

‘ . . ‘ . . ‘ . . Random sequence generation (selection bias)
‘ . . . . . . ‘ . Selective reporting (reporting bias)
~

®
®
Kabon 2019 + ?
Lindroos 2014 @ 2|2 )
Senagore 2009 @ 2|2 ®
Tyagi 2019 @ 2|2 ?
Yates 2014 |+ |+ +
Zhang 2012 @ 2|2 )

Fig.2 Risk of bias summary: review authors’ judgments about each
risk of bias item for each included study

mortality, and mortality at longest available follow-up was
found to be similar in both the groups [RR (95% CI) 1.44
(0.88, 2.34); p=0.15, *=0.0%; n=2322; quality of evi-
dence: low]. Standard deviations of length of hospital stay
were not reported for two trials [11, 13] and those were esti-
mated by multiple imputation with predictive mean match-
ing. Postoperative kidney dysfunction was also similar in
both the groups [RR (95% CI) 1.07 (0.72, 1.60); p=0.73;
I?=29%; quality of evidence: low]. Postoperative hospital
length of stay was also similar in the two groups [MD (95%
CI) —0.29 (-1.25, 0.66) day; p=0.55, I*=82%; n=2392,

quality of evidence: moderate]. Forest plots showing RR
and MD of mortality and length of hospital stay at study
level and pooled analysis level have been depicted in Fig. 3.
The incidence of postoperative cardiovascular complications
was similar between patients who received colloid and crys-
talloid [RR (95% CI) 1.20 (0.50, 2.88); p=0.68; I*=56%;
quality of evidence: very low]. Postoperative wound compli-
cation rate [RR (95% CI) 1.08 (0.76, 1.54); p=0.66; P=1%;
quality of evidence: very low], pulmonary complications
[RR (95% CI) 0.90 (0.71, 1.14); p=0.40; I’ =47%; quality
of evidence: low] and bleeding [RR (95% CI) 1.24 (0.77,
1.99); p=0.37; I>=7%; quality of evidence: very low] were
also similar between both the groups. Four RCTs reported
postoperative major complications and it was found to be
similar between patients who received colloid and crystal-
loid [RR (95% CI) 0.79 (0.48, 1.29); p=0.34; *=62%;
quality of evidence: very low]. The summary of findings as
per GRADE methodology has been provided in Fig. 4. Qual-
ity of evidences for ‘length of hospital stay’, downgraded
because of significant heterogeneity, and ‘postoperative
kidney dysfunction’, downgraded because of different defi-
nitions of ‘kidney dysfunction’, were used in the different
trials (Table 2).

A sensitivity analysis was performed excluding the study
of Futier et al. [21], as 0.9% saline was used as opposed to
balanced salt solution and fluid therapy protocol was used in
the postoperative period. However, mortality at longest fol-
low-up (p=0.53), length of hospital stay (p=0.76) and post-
operative kidney dysfunction (p =0.45) remained similar in
both the groups. Another sensitivity analysis was performed
excluding the studies by Lindroos et al. [20] and Tyagi et al.
[11], as these RCTs were conducted in a non-abdominal sur-
gical setting. Mortality at the longest follow-up (p =0.15),
length of hospital stay (p =0.45) and postoperative kidney
dysfunction (p=0.71) remained similar in both the groups
even in this sensitivity analysis. Lastly, we did another sen-
sitivity analysis excluding the study of Yates et al. [13] as it
included only severe kidney dysfunction requiring dialysis;
we found that postoperative kidney dysfunction was similar
(»p=0.70).

Discussion

We found no benefit of colloid-based GDFT over crystalloid-
based goal-directed fluid therapy in terms of postoperative
mortality, length of hospital stay or any other organ-specific
complications. The incidence of postoperative kidney dys-
function was also similar in both the groups.
Goal-directed fluid therapy in major non-cardiac sur-
gery is a long-debated matter in perioperative medicine. A
meta-analysis of 41 RCTs reported that colloid-based goal-
directed fluid therapy was associated with less postoperative

@ Springer
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Colloid Crystalloid

Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI

Risk Ratio
M-H, Random, 95% CI

Feldheiser 2013 1 24 0 24 2.4% 3.00[0.13, 70.16]

Futier 2020 26 389 18 386 69.5% 1.4310.80, 2.57] 2

Joosten 2017 0 80 380 2.7% 0.1410.01, 2.72] :

Kabon 2019 5 523 4 534 13.8% 1.28[0.34,4.73] T

Senagore 2009 1 2 0 21 24% 3.00[0.13, 69.70]

Tyagi 2019 0 19 0 19 Not estimable

Yates 2014 5 104 2 98 9.1% 2.36[0.47, 11.86] I I

Zhang 2012 0 0 0 0 Not estimable

Total (95% ClI) 1160 1162 100.0% 1.44 [0.88, 2.34] <

Total events 38 27

Heterogeneity: Tau® = 0.00; Chi® = 3.20, df = 5 (P = 0.67); I* = 0% l f f l

Test fogr’ overZII effect: Z = 1.45 (P = 0.15) | ) U001 0 . l i . e

Favours [Colloid] Favours [Crystalloid]

Colloid Crystalloid Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI

Feldheiser 2013 139 3.7 24 135 44 24 82% 0.40[-1.90,2.70] -

Futier 2020 10 74 389 11 74 386 13.1% -1.00[-2.04,0.04] —

Joosten 2017 10 52 8 10 74 80  9.3% 0.00([-1.98,1.98]

Kabon 2019 7 44 523 7 44 534 149% 0.00[-0.53,0.53] o

Lindroos 2014 3125 15 3 174 15 13.0% 0.00[-1.08, 1.08] —

Senagore 2009 3 37 21 3 44 21 7.7% 0.00[-2.46, 2.46]

Tyagi 2019 9 4 19 8 4 19 7.4% 1.00[-1.54,3.54] .

Yates 2014 9 44 104 8 44 98 124% 1.00[-0.21,2.21] T

Zhang 2012 91 14 20 119 12 20 14.0% -2.80[-3.61,-1.99] —

Total (95% Cl) 1195 1197 100.0% -0.29 [-1.25, 0.66] ?

Heterogeneity: Tau® = 1.52; Chi® = 44.41, df = 8 (P < 0.00001); I’ = 82% _54 _*2 5 é j‘

Test for overall effect: Z = 0.60 (P = 0.55)

Favours [Colloid] Favours [Crystalloid]

Fig.3 Forest plot showing the risk ratio of ‘mortality at longest follow-up’ (upper) and mean difference of ‘postoperative length of hospital stay’

(lower) at individual study level and pooled analysis level

wound infection, abdominal complications and hypotension
over conventional fluid therapy [3]. However, no mortality
benefit was obtained in that meta-analysis. Another subse-
quent meta-analysis of 95 RCTs, including both cardiac and
non-cardiac surgical patients, reported that GDFT was asso-
ciated with significant mortality benefit over conventional
fluid therapy [22].

Although colloid-based GDFT was compared with con-
ventional fluid therapy in a number of RCTs, only a few
authors compared crystalloid boluses for GDFT with col-
loid-based GDFT, generating conflicting results. Kabon
et al. reported that postoperative complications including
kidney dysfunction were similar between patients undergo-
ing moderate- to high-risk abdominal surgery, in patients
receiving colloid or crystalloid within a goal-directed fluid

@ Springer

Fig.4 Summary of findings table for all outcomes as per GRADE »
methodology Comparison of colloid and crystalloid using goal-
directed fluid therapy protocol: a meta-analysis of randomized con-
trolled trials

therapy protocol [9]. In contrast, Joosten et al. reported a
reduction in postoperative morbidity and complications
with the use of colloid-based GDFT [10]. Our meta-analysis
failed to find any benefit of colloid in terms of postoperative
complications or any organ-specific morbidity. Our finding
probably highlights the fact that the amount of fluid adminis-
tered during surgery is more important than whether colloid
or crystalloid is used.

Nowadays, the use of synthetic colloids, especially starches,
is being discouraged in critically ill patients due to increased
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Colloid compared to Crystalloid for goal directed fluid therapy protocol

Patient or population: goal directed fluid therapy protocol
Setting:

Intervention: Colloid

Comparison: Crystalloid

Anticipated absolute
effects

Ne of Certainty
participants of the

Relative
effect Risk

(CEY/e )N Risk with difference

Crystalloid with

Outcomes (studies) evidence

Follow up (GRADE)

Colloid
@@OO RR 1.44 10 more
. ) 2322 23 per per 1,000
Mortality at longest follow-up (8 RCTs) Low a.b.c (0.88 to 1,000 (3 fewer to
2.34) 31 more)
oeee) The mean IVIII‘D)‘:)';EZ'-Q
Length of hospital stay 2392 MODERATE - Iength of (1.25 lower
(9 RCTs) ab hospital
' stay was 0 tq 0.66
higher)
D00 RR 1.07 6 more per
) . 2232 85 per 1,000
Kidney Dysfunction (5RCTs)  Lowabd (0.72 to 1,000 (24 fewer to
1.60) 51 more)
@OOO RR 1.20 11 more
. - 2276 53 per per 1,000
Cardiac Complications 6RcTs)  VERYLOW 050t0 1,000 (26 fewer to
2.88) 99 more)
@OOO RR 1.08 7 more per
R 1219 89 per 1,000
Wound Complications sRcTs)  VERYLOW (576t 1,000 (21 fewer to
o 1.54) 48 more)
@@OO RR 0.90 11 fewer
I 2276 107 per per 1,000
Pulmonary Complications (6 RCTS) Llowab  (0.71to 1,000 (31 fewer to
1.14) 15 more)
®000 RR 1.24 8 more per
. . 2236 33 per 1,000
Major Bleeding sRCTs)  VERYLOW (47766 1000 (8 fewerto
o 1.99) 33 more)
@000 RR 0.79 42 fewer
. . I 1459 202 per per 1,000
Major Postoperative Complications (4 RCTs) VEaRbYchW (0.48 to 1,000 (105 fewer
o 1.29) to 59 more)

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the
comparison group and the relative effect of the intervention (and its 95% Cl).

CI: Confidence interval; RR: Risk ratio; MD: Mean difference

GRADE Working Group grades of evidence

High certainty: We are very confident that the true effect lies close to that of the estimate of the effect

Moderate certainty: We are moderately confident in the effect estimate: The true effect is likely to be close to the

estimate of the effect, but there is a possibility that it is substantially different

Low certainty: Our confidence in the effect estimate is limited: The true effect may be substantially different from

the estimate of the effect

Very low certainty: We have very little confidence in the effect estimate: The true effect is likely to be substantially
different from the estimate of effect

Explanations

. Lack of blinding in many studies

. Different inclusion criteria and risk profile of the patients
. Wide confidence interval

. Outcome definition is variable

. small number of patients

monoTw
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Table 2 Definition of acute kidney injury in different trials

Author Definition

Kabon [9] KDIGO definition

Tyagi [11] Urinary NGAL and KDIGO definition
Joosten [10] KDIGO definition

Feldheiser [12] Not reported

Yates [13] Required CVVH or dialysis

Zhang [14] Not reported

Senagore [15] Not reported

Lindroos [20] Not reported

Futier [21] AKI> stage I, KDIGO

KDIGO kidney disease improving global outcomes, NGAL neutro-
phil gelatinase- associated lipocalin, CVVH continuous veno-venous
hemofiltration

requirement of renal replacement therapy and possibly
increased mortality [4, 23]. In surgical patients, the clinical
effects of synthetic colloid are less clear. A retrospective study
reported increased incidence of acute AKI in orthoptic liver
transplant patients with the use of starch when compared to
human albumin [24]. A meta-analysis by Ramussen et al.
reported higher postoperative bleeding with the use of starch in
comparison to crystalloid in non-cardiac surgery patients [25].
In another well-conducted meta-analysis of 13 RCTs, Gilles
et al. reported no differences in the incidence of postoperative
AKI [6]. It is worth mentioning that the included trials were
small in sample size and the event rate of AKI was also low;
hence, these findings require validation in large RCTs. In our
meta-analysis, we have found that incidence of postoperative
kidney dysfunction was not higher in patients who received
colloid as compared to crystalloid. As patients undergoing
routine surgery are rarely septic, starches may have minimal
detrimental effect on kidney function in this setting.

The length of hospital stay was similar in our analysis irre-
spective of the type of intravascular fluid used. Som et al. [3]
also reported a similar postoperative hospital length of stay
with the use of colloid-based GDFT as opposed to standard
fluid therapy. However, use of colloid-based fluid therapy
reduced the number of patients with at least one postopera-
tive complication. Despite the common concern of coagulop-
athy [26], in our meta-analysis, we did not find any increased
incidence of postoperative bleeding with the use of starch.

Strength and limitation

The most important strength of this meta-analysis is the
absence of any statistical heterogeneity in ‘postoperative mor-
tality’, which is an important patient-centric outcome. How-
ever, this meta-analysis has several limitations. Other than
postoperative mortality, significant statistical heterogeneity

@ Springer

was found in most of the other outcomes. Moreover, clinical
heterogeneity is also possible because of different inclusion
criteria and fluid therapy protocol. Hence, the quality of evi-
dences was downgraded to ‘low’ to ‘very low’. Event rates in
the postoperative outcomes were also small, which could again
contribute to the downgrading of the quality of the evidences.

Conclusion

The use of colloids in goal-directed fluid therapy protocol
does not offer any benefit over crystalloid-based goal-directed
fluid therapy protocol in patients undergoing major non-car-
diac surgical procedures. However, no increased incidence of
kidney dysfunction was found with the use of colloid.

Compliance with ethical standard
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Appendix 1: Details of search strategy

1. PubMed/PubMed Central

("colloids" [pharmacological action] OR "colloids"
[MeSH terms] OR "colloids" [all fields] OR "colloid" [all
fields]) AND ("crystalloid solutions" [MeSH terms] OR
("crystalloid" [all fields] AND "solutions" [all fields]) OR
"crystalloid solutions" [all fields] OR "crystalloid" [all
fields]).

("goals" [MeSH terms] OR "goals" [all fields] OR "goal"
[all fields]) AND directed [all fields] AND ("therapy" [sub-
heading] OR "therapy" [all fields] OR "therapeutics" [MeSH
terms] OR "therapeutics" [all fields]).

("goals" [MeSH terms] OR "goals" [all fields] OR "goal"
[all fields]) AND directed [all fields] AND ("fluid therapy"
[MeSH terms] OR ("fluid" [all fields] AND "therapy" [all
fields]) OR "fluid therapy" [all fields]).

("goals" [MeSH terms] OR "goals" [all fields] OR "goal"
[all fields]) AND directed [all fields] AND ("fluid therapy"
[MeSH terms] OR ("fluid" [all fields] AND "therapy" [all
Fields]) OR "fluid therapy" [all fields]).

("goals" [MeSH terms] OR "goals" [all fields] OR "goal"
[all fields]) AND directed [all fields] AND ("therapy" [Sub-
heading] OR "therapy" [all fields] OR "therapeutics" [MeSH
terms] OR "therapeutics" [all fields]) AND major [all fields]
AND ("surgery" [subheading] OR "surgery" [all fields] OR
"surgical procedures, operative" [MeSH terms] OR ("surgi-
cal" [all fields] AND "procedures" [all fields] AND "opera-
tive" [all fields]) OR "operative surgical procedures" [all
fields] OR "surgery" [all fields] OR "general surgery"[
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MeSH terms] OR ("general" [all fields] AND "surgery" [all
fields]) OR "general surgery" [all fields]).

2. EMBASE
“colloid:ti,ab,kw” Or ’goal directed fluid therapy’ Or

“crystalloid’ Or ’goal directed therapy’ And ‘randomized
controlled trial’ Or “randomized AND trial”.

3. CENTRAL database
(colloid):ti,ab,kw Or (crystalloid):ti,ab,kw Or (goal

directed fluid therapy):ti,ab,kw Or (goal directed
therapy):ti,ab,kw And ("randomized clinical trial"):ti,ab,kw
Or ("randomized controlled trial"):ti,ab,kw.
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