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ORIGINAL ARTICLE

Effects of goal-directed crystalloid vs. colloid fluid therapy
on microcirculation during free flap surgery

A randomised clinical trial

lldiké LaszI6*, Agnes Janovszky*, Andrés Lovas, Viktéria Vargan, Nandor Oveges, Tamas Tanczos,
Andras Mikor, Domonkos Trasy, Zoltan Léderer, Jozsef Piffko, Andrea Szabd and Zsolt Molnar

BACKGROUND Macro, and microcirculatory effects of crys-
talloids and colloids are difficult to compare, because inter-
ventions to achieve haemodynamic stability seldom follow
similar criteria.

OBJECTIVES Our aim was to compare the effects of crystal-
loids and colloids on the microcirculation during free flap
surgery when management was guided by detailed haemo-
dynamic assessment.

DESIGN A randomised, controlled clinical trial.

SETTINGS The investigation was performed at the Univer-
sity of Szeged, Hungary.

PATIENTS Patients undergoing maxillofacial tumour resec-
tion and free flap reconstruction were randomised into
groups treated with either intra-operative crystalloid (Ring-
erfundin, n=15) or colloid (6% hydroxyethyl starch, HES,
n=15) solutions.

INTERVENTIONS Macrohaemodynamics were monitored
by a noncalibrated device (PulsioFlex-PULSION). Central
venous oxygen saturation, venous-to-arterial PCO,-gap, lac-
tate levels and urine output were measured hourly. Mainte-
nance fluid was Ringerfundin (1 mlkg_1 h™"), and a
multimodal, individualised, approach-based algorithm was
applied to guide haemodynamic support. Hypovolaemia

was treated with Ringerfundin or HES fluid boluses, respec-
tively. The microcirculatory effects were assessed by laser-
Doppler flowmetry (PeriFlux 5000 LDPM), with the probe
placed on the flap and on a control area. Measurements were
performed after the flap was prepared, then 1 and 12 h later.

MAIN OUTCOME MEASURES The primary end-point was
microcirculatory perfusion as determined by laser-Doppler
flowmetry.

RESULTS There was no difference between the groups
regarding patient characteristics. Both groups remained
haemodynamically stable throughout due to the use of
approximately a 1.5 times higher total fluid volume in the
Ringerfundin group than in the HES group: mean+ SD:
2581 986 and 1803 +497) ml, respectively,
(P=0.011). There was no significant difference in the micro-
circulatory blood flow between the groups.

CONCLUSION Our results showed that when fluid manage-
ment was guided by detailed haemodynamic assessment,
more crystalloid than colloid was needed to maintain hae-
modynamic stability, but there was no difference between the
effects of crystalloids and colloids on the microcirculation.

TRIAL REGISTRATION ClinicalTrials.gov NCT03288051.
Published online 30 May 2019

Introduction

Inappropriate haemodynamic management during major
surgery may lead to hypoperfusion or fluid overload, both
of which are accompanied by a significant risk of impaired
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postoperative outcome.' The same holds true for unnec-

essary use of vasoactive medications® and blood transfu-
. 3.4 .

sions.”” In reducing such adverse effects, advanced

haemodynamic monitoring-based management has

a strong pathophysiological rationale and, indeed,
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advanced haemodynamic monitoring-based peri-opera-
tive management has been shown to improve outcomes
in high-risk surgery in several studies.>® These
trials showed that high-risk patients, especially those
undergoing bowel surgery, benefited from this approach,
with reduced postoperative complications and increased
survival.

In addition to haemodynamic management, the type of
fluid used may also have an important effect on outcome.
The crystalloid-colloid debate has a long history, and
most studies conclude that colloids seem to be superior to
crystalloids as far as microcirculatory perfusion was con-
cerned.” Many surgeons and anaesthetists share this
belief, despite the fact that none of the clinical trials
that investigated this issue used detailed haemodynamic
assessment.’ Furthermore, the advantages of colloid solu-
tions for the microcirculation have been shown in clinical
studies applying goal-directed therapy, without inclusion
of crystalloid group as a control.*? Therefore, one cannot
exclude the possibility that the observed benefit of
colloids on the microcirculation was due to better global
haemodynamic conditions achieved by the better vol-
ume-replacement ratio of colloids (as compared with
crystalloids), and not due to their better microcirculatory
properties per se.

Therefore, our aim was to perform a randomised clinical
trial to examine the effects of intra-operative crystalloid
and colloid fluid replacement on microcirculatory
perfusion in patients undergoing free flap surgery for
maxillofacial malignancy; fluid boluses for intra-
operative hypovolemia were guided by detailed haemo-
dynamic monitoring.

Materials and methods

Patient selection

This randomised, controlled study (Ethical Committee
No. 44/2014) was undertaken between April 2014 and
February 2018 and was approved by the Regional and
Institutional Human Medical Biological Research
Ethics Committee, University of Szeged, Hungary on
28 April 2014. The investigation was performed at
the University of Szeged. The study was registered at
ClinicalTrials.gov  with the registration number:
NCT03288051. Written informed consent was obtained
from all participants.

Adult patients of both sexes undergoing radical forearm
free flap surgery were recruited. Exclusion criteria
included vulnerable individuals as defined in ISO
14155:2011, pregnant or lactating women, and end-stage
oral cancer. The progress of participants through the
study is depicted in Fig. 1.

Patients were randomised either to a crystalloid group
(Ringerfundin; B. Braun Melsungen, Germany) or a
colloid group [hydroxyethyl starch (HES), Voluven 6%;
Fresenius Kabi Deutschland, Germany], using envelope

block-randomisation in blocks of fifteen. Patient enrol-
ment, sequence generation and assignment to interven-
tions were performed by a responsible investigator. Only
the patients were blind to group allocation.

Intra-operative protocol

Patients received routine anaesthetic management. In
addition to standard monitoring, a radial artery catheter
was inserted under local anaesthesia for invasive blood
pressure monitoring. This arterial line was also connected
to a noncalibrated haemodynamic monitor (ProAQT;
PULSION Medical Systems SE, Munich, Germany).
Anaesthesia was induced with 1 to 3mgkg ™' propofol
[Propofol (1%), Fresenius Kabi Deutschland, Germany],
0.6mgkg ' rocuronium (Esmeron, MSD Pharma
Hungary, Hungary), and for analgesia, morphine (Morfina
Jacopo Monico, Italy) was used. Anaesthesia was main-
tained with sevoflurane with the minimum alveolar con-
centration maintained around 1.3 vol%. Patients were
ventilated with an 8 mlkg ' tidal volume, in pressure
control mode, in order to have a reasonable effect on
pulse pressure variation (PPV).>'” During the operation,
core temperature was measured by rectal thermometer.
Maintenance fluid was Ringerfundin 1 mlkg 'h™".

After induction of anaesthesia, a central venous catheter
was inserted into the right internal jugular or the right
subclavian vein based on the requirements of the surgical
approach. Haemodynamic assessment during the opera-
tion was based on a multimodal concept shown in Fig. 2.
This included elements of the model that had been
applied and reported in a recent multicentre clinical trial,
in which our institute also participated.®

In brief, fluid responsiveness was defined as PPV at least
10%, but this this did not mean that fluid was given
immediately: fluid administration was determined by a
complex, multimodal algorithm, depicted in Fig. 2. In
cases when fluid loading was indicated, a bolus of 250 ml
of Ringerfundin or HES, as determined by randomisa-
tion, was administered within 15 min. The aim was to
maintain cardiac index (CI) above 2.51min~' m~2 If €/
was low, and our haemodynamic model indicated that
contractility had to be improved, then dobutamine
(Dobutamine Hexal, Sandoz Hungaria, Hungary) was
administered starting at a rate of 5mgkg 'min~'. In
the case of a drop in blood pressure, as indicated by a
mean arterial pressure of 65 mmHg or less or at least 20%
drop as compared with baseline data, after excluding
hypovolemia, or myocardial depression, norepinephrine
was started as a continuous infusion.

Global haemodynamic assessment was complemented
with measuring hourly urine output and arterial and
central venous blood gas analysis. Parameters included
in the haemodynamic decision algorithm were central
venous oxygen saturation (ScvO;), central venous-to-

arterial COj-gap (dCO,), arterial lactate, HCO;3; and
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Fig. 1
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Flow chart according to the CONSORT (Consolidated Standards of Reporting Trials) statement showing the progress of participants throughout

the study.

pH. Normal values for these parameters were considered
as ScvO,: 70 to 80%, dCO; of 6 mmHg or less, HCOj3: 20
to 24mmoll~", pH: 7.35 to 7.45. Arterial and central
venous samples were taken at the same time hourly, or
anytime in between, when a decision had to be supported
in order to commence therapy. This approach was
aimed at helping to individualise treatment, rather than
following a preset target value.

Data were recorded after instrumentation at baseline
(T%), at incision (7;) and then hourly until the end of
the surgery (7%,) and 24 h after 7 (75%4).

Laser-Doppler flowmetry

All flaps were monitored with noninvasive laser-Doppler
flowmetry (PeriFlux 5000 LDPM; Perimed, Jirfilla,
Sweden) intra-operatively, and postoperatively. A probe
with a standard fibre separation of 0.25 mm, and a 780 nm
wavelength laser was used. The depth of the measure-
ments was 0.5 to 1 mm. Results are expressed as perfusion

Eur J Anaesthesiol 2019; 36:592-604

units. The first measurements were taken after the flap
was prepared (Ryg), then 1h after reperfusion and con-
tinued hourly for up to 12h (R;—=R;). The probe was
placed and fixed in a position in the centre of the forearm
flap skin island. The skin in the deltoid region provided
the control site. At both places, measurements were taken
after active warming of the skin, at 35°C and 44°C. Data
were recorded for more than 2 min at each measurement
point. Quantitative assessment of the recording periods
was performed off-line.

Postoperative and ICU protocol

All patients were monitored in the ICU until they were
discharged to the Maxillofacial Surgery ward. Patients
received standard ICU care according to our institutional
protocols.

Data analysis and statistics
For statistical analysis, Statistical Program for Social
Sciences version 23.0 for Windows (SPSS, Chicago,
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Fig. 2
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(a) Haemodynamic assessment and interventions. Cl, cardiac index; Hgb, haemoglobin; MAP, mean arterial pressure; PCO, gap, central venous-to-
arterial PCO,-gap; PPV, pulse pressure variability; ScvO,, central venous oxygen saturation; SVV, stroke volume variation. (b) Measurements
and recordings: Ty, baseline; T;, incision; Tes, end of surgery; Toq4, day one. Ry, baseline (Laser-Doppler after flap was prepared); Ry, one hour after

RQ_1 2, hourly.

Illinois, USA) was used, and P value less than 0.05
was considered as significant. Data are presented as
mean + SD or median [IQR]. For testing normal distri-
bution, the Shapiro—Wilk test was used. Independent
samples were tested by independent samples /-test or
Mann—Whitney U test, as appropriate. Changes in
repeated measures throughout the experiment were
tested by two-way repeated measures analysis of variance
(ANOVA) with Bonferroni post hoc comparisons. Cate-
gorical data were compared using x° tests. The Type I
error probability associated with this test of the null
hypothesis is 0.05.

The study’s primary end-point was the difference in the
perfusion units as determined by laser-Doppler at R{,. On
the basis of preliminary results, for a study to have 80%
power to show a significant difference in perfusion units at
Ri,, when the standardised difference (clinically signifi-
cant difference/standard deviation) worked out to be 0.9,
required a minimum of 30 patients in total (15 per group).

Results
There was no difference in the demographics, as sum-
marised in Table 1. Complete flap failure occurred on five

occasions (one in the Ringerfundin, four in the HES
group, P=0.142).

Macrohaemodynamic effects of fluid resuscitation
Patients remained haemodynamically stable throughout the
observation period in both groups (Table 2). PPV was in
general higher in the Ringerfundin group, which became
significant at 75. CI also showed the same pattern in both
groups, with significantly higher values in HES group at 77.
At T, the systemic vascular resistance index values were
significantly elevated in the Ringerfundin group. Several
other parameters showed changes during the experiment,
without any significant differences between the groups.

Intra-operative total urine output reached similar values in
the HES and Ringerfundin-treated groups [355.0 (166.4)
ml and 477.3 (212.5) ml, respectively, P=0.090]. Creati-
nine values as measured 24 h after surgery were not differ-
ent between the groups either [HES, 76 (19) pwmol 1_1;
Ringerfundin, 71 (26) pmol ™!, P=0.505].

Respiratory parameters
Respiratory data are summarised in Table 3. Overall, all
parameters showed similar values in both groups.

Eur J Anaesthesiol 2019; 36:592-604
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Demographic variables of patients in the crystalloid (Ringerfundin) to and colloid (hydroxyethyl starch) to treated groups

Table 1
Demography RF (n=15)
Female/Male 5/10
Age (years) 64+ 11
Height (cm) 170.6 £9.0
Weight (kg) 72.0 [60.0 to 83.0]
BMI (kg m?) 24.4 [21.6 to 27.8]
Scores
APACHE Il (point) 13.5 [9.5 to 15.25]
APACHE MR (%) 17.6+6.8
ASA 1 (n) 3
ASA 2 (n) 9
ASA 3 (n) 3
Procedures
Duration of operation (min) 354.3+59.4
Duration of ischemia (min) 66.9+13.1
LOS
ICU (days) 2 [2to 3]
Hospital (days) 9 [7 to 13]
Organ support on ICU
Mechanical ventilation (days) 1[1to1]
Vasopressor (days) 0 [0to 1]
Dialysis (therapy) 1

HES (n=15) P

3/12 0.409
62410 0.680
168.8+7.2 0.550
62.0 [67.0 to 81.0] 0.539
24.0 [19.6 to 31.6] 0.775
14.0 [7.75 to 16.0] 0.946
16.7 8.3 0.731
0 0.250

10

5
342.4+79.1 0.644
67.9+19.3 0.869
2 [2to 2] 0.389
10 [8 to 15] 0.325
1[0 to 1] 0.595
1[0 to 1] 0.683

0

Data are presented as mean + SD, median [IQR] and n. APACHE I, Acute Physiology and Chronic Health Evaluation Il; APACHE MR, Acute Physiology and Chronic
Health Evaluation Mortality Rate; ASA, American Society of Anaesthesiologists’ classification; LOS, length of stay.

Although end-tidal CO, was significantly elevated in the
HES group at 7 and T7;, it still stayed within the normal
range.

Blood gas parameters

All parameters remained within the physiological normal
range throughout the observation period and, although
there were certain statistically significant differences
observed, these can be regarded as clinically nonrelevant
(Table 4). Haemoglobin concentration in the HES group
showed a significant decrease over time, without the need
for blood transfusion.

Oxygen consumption and oxygen delivery were more or
less stable throughout the study and followed similar
patterns in both groups. Oxygen extraction changed
accordingly with no major difference between the groups.

Total amount of intra-operative and ICU medications
As listed in Table 5, the Ringerfundin group required
significantly more boluses and greater total amounts of
fluid. Blood loss did not differ between the groups.
During surgery, the Ringerfundin group was given 1.5
times more boluses of fluid than the HES group. There
were no significant differences in the postoperative
period.

Nearly half of the patients required vasopressors
(Ringerfundin, »=8; HES, »=7) and inotropic support
(Ringerfundin, »==6; HES, »=7), without significant
difference in the required doses between the groups.

Total amount of anaesthetic and analgesic agents was
similar in both groups.

Eur J Anaesthesiol 2019; 36:592-604

Microcirculation and corresponding
macrohaemodynamics

As evidenced by laser-Doppler lowmetry, baseline per-
fusion values were similar at the flap areas (iz situ, before
harvesting) and at the control sites in both groups (at 35°C
and 44°C) (Figs. 3 and 4). During reperfusion, however,
significantly higher tissue perfusion values were observed
at the free flap sites in both groups than those observed at
baseline or at the control areas (at corresponding time-
points) at 35°C (Fig. 3). A significant difference in the
perfusion of the free flaps areas was observed only in the
ninth hour of reperfusion between the groups when
perfusion values appeared to be higher in the Ringer-
fundin group. Heat provocation (to 44°C) induced
increases in tissue perfusion only at the control areas,
whereas this effect was missing in the flaps during reper-
fusion in both groups (Fig. 4). In the macrohaemody-
namic values, a significant difference was found in the
DBP (Dia) and PPV during the second hour of reperfu-
sion (R;), but these changes were not accompanied by
significant changes in microcirculatory perfusion at any
sites. Changes in macrohaemodynamic parameters at
different reperfusion measurement points varied accord-
ing to the surgical section (Table 6).

Discussion

This randomised clinical trial aimed to investigate the
effects of crystalloid vs. colloid fluid replacement to treat
intra-operative hypovolemia during free flap surgery on
global haemodynamic parameters and microcirculation.
It was found that patients in the crystalloid group
required more fluid than patients in the colloid group,
without any significant difference in the macrocirculation
and microcirculation. To detect hypovolaemia, advanced

Copyright © European Society of Anaesthesiology. Unauthorized reproduction of this article is prohibited.



597

Goal-directed crystalloid vs. colloid fluid resuscitation

EJA

"0/ WOy OUBISYIP JUBDHIUBIS GO'0 > d 4, 'SAN0IB UsEMIEq BOUBIEYIP JUBDIUBIS GO0 >d 4, "UOHBUEA BWN|OA BY0US ‘AAS ‘XOpul 8oUElsISal
Je|nosen olwalshs ‘|YAS {xopul swnjoa a3olis ‘|AS teinssaid poolq dljolshs ‘qyS ‘Aljigenrea ainssaid asind ‘Add ‘einssaid asind ‘4 ‘einssaid [euspe uesw ‘Qy|N ‘91el Hesy ‘YH {AN|1oeiu0D JeINOLIUSA S| JO Xapul ‘Xewdp
‘ainssaid poojq oljoiseIp ‘dyQ ‘xepul oelpIed 0 ‘S F ueaw se pajuasald are ejeq ‘(¥27) O7 Jaye Y g pue (5°1) AieBins ayj Jo pua ayj [pun Aunoy uayy ‘() uolsiour Je ‘(%) auljeseq Je UolejuaWNI]SUl Joje PapIooal alom eleq

G0F 698 6'0F L'9g L'OF 1'9g L'0FT9e 8'0F 298 6'0F6'GE «+80F6GE L' 0F8GE «+80F09¢ 80F 1'98 6'0F €98 SaH

9'0F99¢ oLFeoe - SOF 1o 6'0F 1’9 8'0F6'Ge 6'0F8'ge «80FLGe 8'0F6'GE 60F 298 60F L'9E 4
Q.) L

681 F0/8 LT T 489 Ly L F 065 88CFCIL LOSTF 129 ¥81 F 85 091 F 945 10T F 229 0G} F e85 S12 F 695 L0T T 895 S3H

081 F L9L 08¢ F 108 - 6L3F 819 €92 T 969 LYE T S¥9 06C F¥49 00V T804 YGETF 119 SYET 149 G6C T 469 44
(,_s BHww) xewdp

eLY FSPLL 0S¥ F 4003 8LSF V19l 969 F 1481 61GF 0061 ¥8Y F 9681 T8E F L4961 6GY F 9¥0% 887 F 5261 699 F 0881 LT9F 0481 S3H

TOLFThIT 0gY ¥ 8203 - 0LEF 9261 068 F0E13 TOrFELIT ++70€ F 6903 ¥8Y F 9833 84S F 0¥03 669 F 84ET +089 F €053 |
(w4 wosuhp) [IAS

«E8'6 T T8y oLy Feloy TSTTOSTY WWST L LY €6V T I8y  609F LL LY 98 v Fel'ly €6y T99°0Y L LT OTEY T9'8 T 090V 8e'6FOoror  SIH

LEVLTFOLOY 68'C TE4'6€ - 06'€TEL' LY L8P TO000Y  P8YTFYLOF . lOSTO0 LY 889 T 00°0F PYOTEE 0V 44 6L T 0968 69'8 T £5'9¢ 44
(z-ww) IS

LOTF LG8 v8'LFeeel 68'LFGL L) LYLFLLLL YT LF8LLL eLLF 8L €901 F 4V LL Y0'SF08'6 69'GTF L OL €L'eF LT0L YT LFOTEL S3H

9L LFes Tyl €9'GF 030} - €LY FO0LL LOGF LLLE vy F98°01 61'GFOVTL L9y FeELoL YOOTFLOLL 89'GF LO'LL LVLF OOV |
(%) AAS

98'€T LL6 84'9F08'6 €9CFGC'8 9LTFEV'S 20'eT 608 602 T 9801 8TV T 438 0SS T 406 Y1'ST 056 oSV FOO0k 08'LFOVTl SaH

TLYTFEL L 98'eFOV'8 - 96'GT 186 0S'EF€6'6 €LTF VL0l L9ETTFLBOL 65'€FE6'6 TLTTF LY 00'STFL9'6 86'9F LOEL 4
(%) Add

980T 94°€ €90F 30 0L0F6E€ 0T 16T LLOFELE 280F 40 LSOF L0 950 F L0 +66'0FTT'E ¥S0FSLT YSOTFLLT S3H

+«06'0F 63°€ ovV'0FEe8T - SLOTF 16T V0T Ee9T LT0F9ST T80T €8T TS0F 49T L9G0F 0L LLOF LT 950 F 990 |
(oW, _uiw)) 1O

€1 T 8L vLTFEL 81 T8 LLTF 94 TLTEL TLT ol 6F 1L zLTeL LV T L 6T 69 ELTF LL SaH

6F LL OLF L4 - 6F89 01 F99 LF€9 g1 F69 01 F99 8F89 OLF L4 LLF69 44
(,-uw) ¥H

viLT8es 8'8F L'8L SEFELL 1'0LF €94 G'8F6'CL 96F 1'SL eLFE8L vLLT 68 [ATEANT:] 00z F+'08 1'6LFG'18 S3H

6T LGL 06F99L - 6'8FG'SL G8F¥'EL YOLF T YL 9CLF89L §'6F008 G9LTF L'GL €82 F 968 TTeT¥e8 B
(BHww F 4yn

w9 L L FEG9 9CLFS9G L9FE6Y 8'6 F ¥'0S OvLF L3S 8CLF9€s 9L Fges TLLF99G €eLTF 2SS 9GLF LIS 9GLF I'IG S3H

SLLFE6S 991 F£'9G - €TLF 1'9G £GLFLES 06 Fees YLLFY PG 9L F 098 LOTF LIS 6'8CF 4'1S 6'6C F 605 |
(BHwWwW) dd

€6 T G668 08 F 065 ¥z Faes 1'9F 6'8S 8'GF0'aS v'LF 1'9g ¥'L T 685 0CLT6'19 LLLF T 19 z'8LF07C9 GLLF L'EY SaH

6 F €8s 98 FG'4S - T8 F 95 86T 8VS v'LFE'8s 6T E8S L'LF6'65 6CLT66S YLLTFGLY L'5eFEV9 44
(BHww) dva

LLLF8YTL TEeLFGGLL €L F 830l 1'eLF 60k 9CLFES0!L 1'GLF6'901) 0cLFeell T9cFa8lLl VIZF oLl 96CFLELL S8CFCVLL S3H

SGLFOVLL coLF8ell - LYLFGTHE 8'eLF V0L €LLFTYOL YTTFLLLL eLLFEGLL 6L3FGLLL 9erFT 6Ll L8y F L'GLE |
(BHWwW) dvs

sdnoub pajeal; (yoiess |AyiaAxolpAy) piojjod pue (uipunuabury) piojjeisAio ayj ul siejdweled ojweuApowse ¢ 9|qeL

592-604

36:

Eur J Anaesthesiol 2019

Copyright © European Society of Anaesthesiology. Unauthorized reproduction of this article is prohibited.



598 Lészl6 et al. EJA

S . .. . . ..
¢y 14 c g haemodynamic monitoring was applied in order to mini-
oo SR o b Bl
il ﬁi o ¥ § YO O | 85 mise the possibility of diagnostic errors and administer
= K= o 2 He gﬁ fluid boluses only when hypovolaemia was strongly sup-
N M 8 i S orted by physiological parameters.
=V Y phy
()
a
Nel
-l
o~ - 8+,
s § g @ B& . I2 a9 'g g Crystalloids vs. colloids — macrocirculation
| 2 | © ol 3 i ! )
HHpde e HE A HEH A £ 5 The crystalloid-colloid controversy has been in focus for
N 0N AN oL YN on o® | §Q
38 28 ¢ §g S8 °°| 59 several decades. Over the last 15 years, several large,
Tz . . S ; .
58 multicentre, randomised clinical trials were published
59 mainly in critically ill patients. Most of these compared
53 = = Y Y
@ 3 9 & « 3 3185 crystalloids with HES and concluded that there is no
"hd RECTEN Vb RECEN O RN 0 RO T difference, or they observed worse outcome in the HES
5 = 5 - — |l o _ . .
3 o @ 2 & ® 8 group."’™1* On the basis of these results, current guide-
HE . .
§5 lines recommend stronghf against the use of HES espe-
< E o cially in septic patients. ~ Although the investigation of
~ o = @9 . : ] .
29y 29 o 2 82| & S renal function was not the goal of this study, the finding
ENYE EoloE BiEGE ‘%3 that there was no difference in urine output, and serum
< < < o © = o 9 - - . . . . .
85 95 2o o o9 creatinine levels remained in the normal range in both
< < E_ £
o3 groups, with no patient requiring renal replacement
© . .
- S5 therapy in the HES group provides support that there
~ © 0 2 < o =4 oo S} S2 : . :
22 98 I3 T8 oo se oo 2Z is no current evidence that HES causes renal insuffi-
HH HH HH HH HH HH HAH| FE . . . . .15
w t® mnNo we YT YO o == | K ciency in the peri-operative period.
© I~ S o < o ~ © - - o RE ~ 5
Q (o)l < 0 o ™ ™ o=
- = . o e
3 °M 5 5 Ernest Starling’s three-compartment model, describing
2 53 the distribution of total body water, forms the physiolog-
© s . . . . . .
2 o og vo o o oo | SF ical rationale for using colloids in clinical practice.
s S &2 22 82 am ¥ S0 | vk
g HH HH HH HH HH HH HH| §Z According to this hypothesis, colloids (i.e. similar to
= Ny 99 vTo YL oo o9 -=| 5% . o .
- = »
5 g3 % Y° gg == 22 albumin) should stay w1th1n. th.e 1ntrayascular space,
S =8 while crystalloids should be distributed in the extracel-
0 g = Y
= " 25 lular (intravascular and interstitial) space. Therefore,
[fe) [z . .
£ N oo 0 P S s theoretically, one unit of blood loss can be replaced by
> — o= = F < Y = . . . .
X THOIE ORHORIOSH 3T OSH s three to four units of crystalloid or one unit of colloid
S SN 29 92 55 9% 33 z®| Bk solution.'® However, several clinical trials, including
@ o~ o < <t ™ o O ~ oo - - . B
> oo oY - O o ® o 5 . ’ K ? K
— "~ 253 thousands of critically ill patients, seem to disprove this
T = ® . . . . . .
© €9 principle, as we do not see this major difference in the
— S Q
E x ® o i >z required volume of crystalloids vs. colloids to stabilise
o on a9+ oo 24 0o o | TS5 q ry .
- - - - © (SN ® o o o = . . .
2 3% O3 T O3E 9% 3% 9| gg these patients. On one hand, this discrepancy between
< Q.
© - Y 99 oN oo 09 oo | ¢ hvsiol d clinical ob . b lained b
~ g5 g@ <o =¥ =E M| 2% physiology and clinical observations can be explained by
E M g5 the destruction of the glycocalyx in critically ill, septic
~ o . . . . . .
£ ° s 2 patients, which impairs the semipermeable function of
[0} * ) * ¥ ) . . .
o Ne o9% w- 85 <o Wh| 68 the endothelium; hence, colloids can escape into the
= " Bo ~- R2 oo o< So| £, ) ’ 17
& HH HH O HH HH O HH A HH| = interstitial space in substantial quantities.”” On the other
~ (L] [TolN > o o © -~ @ ™ © o o -~ w
2 5 ¢ YO 9@ T da -~ | oL hand, none of these trials used detailed haemodynamic
o (&N < < g 8 @ ™ = <
= 22 monitoring. In the current study, detailed haemodynamic
2 " gt evaluation was performed in order to detect hypovolae-
(3] * © % % Q0 . . . .
o —= °H-M F E L. ® - *g*g 5§ mia .ad(-?quat.ely. .ThlS resglted in hllgher amount of crys-
= HH HH HH HA HH Ay 11| 8 talloid infusion in the Ringerfundin group than in the
£ Lo ®1 09 M9 AN ~—o == | 80 . . . .
S og Yo ©On T~ oo ~<| EQ HES group but, despite less colloid being administered,
$ [SIN < QW ™ o ] ‘_i K . X R K
) 15 haemodilution was only significant in the HES group,
© El g
5 gE thus indicating a better volume replacement effect.
g < T E . . . . :
> 00 ©og wo 29 o oa| &E Strictly speaking, Starling’s principle — suggesting that
= HH HH HH O HH HA HH HH| BI 3-4 times more crystalloid than colloid is required for the
g Lo on O~ Mo AN ©mn oo | $Z°
s g5 S5 9% IF T _ 58 ~-| 58¢ same volume replacement effect-, could not be con-
7] o < [} Q D . .
2 2 T 222 firmed in our trial. T'o some extent, these results seem
B 23 0 . . . .
- w2 o 8 -~ H:=N. £ ” o 238 to differ from the findings of our recent experiment in a
< = £ Lo . . . . .
2 EEskE E o ;E«& IOk 8 EEQRY | £ a9 bleeding-resuscitation pig model: fluids followed the
© = H°H @ H“E B H= cews Starling’s distribution and this was explained by normal

Eur J Anaesthesiol 2019; 36:592-604
Copyright © European Society of Anaesthesiology. Unauthorized reproduction of this article is prohibited.



599

Goal-directed crystalloid vs. colloid fluid resuscitation

EJA

VTP T LLLS
0TF8S
LTFEL

wELTG0L
N AELY
OV T 6L
L'EF6'84
£TT S
9LTVLT
WO LTFLL
VL TEL
sl LTEEY
TeETF O
98T 8OV
£€FG08
++90°0 F 8E'Z
900 FGEL

G LFPOL
LT Q0L
90FEL
YOFOL

607986
8'0F 486
GTFEGT
GLF092
wGLFOL
SO LFTL

0’y 98¢l
g6v+ L'Igl

+x068T 0Ly
ogFcer

w«xL00FEVL
80'0F8€'4

0'9LLF€0ce

6C+6v
0Cc+ 19
v'1LFcol
V'IF+80lL
€v+cice8
¢sFels
9L F67C
8L +9'G¢
€LF0—
0O'L+8I—
Vv +€09
8'LF9IS
8'G+6'I9
¢'elF6cCs
€00F LEL
L0'0F 0L
¢cF Lol
VIFOLE
LLEFO'L
€0F0}
L'0F 066
8'0+9'86
6L FLVC
8L+ L've
ViFeol—
€1L+0¢C—
CLLFVY8L
geeFaarvl
€9F 'Ly
6CLF6LY

€0'0Fve'L
80'0F€€’L

0EFOY

o'L+g0l

LI'e+9'€8

O'LF LT

6'0F€0

§'¢+908

¢eF¥ag

¢0'0F LEL

¢'L+86
7'0+80

€L+ 186

0L +99¢

L'LF¢o

L'00LF € IG1

[ A

€0'0F¢ee’s

G'cOl F L'G¥E

L'6+¢'9
¢cT99
¢LFVYolL
VIFELL
eeF1'v8
¢'a+808
'l +6'GC
LI F6'VC
6'0F+c0—
60F6'1—
ovFo0o'lg
¥'8FC'LS
6CcF+9lg
6 v+ L'eg
¢0'0FceL
80'0F0¢€'4
g1+ 1ol
LLFTLL
ViIFol
7’'0+60
9L FLL6
9L F¥'66
8'0F 670
0Cc+9€T
6'0F80—
g'LF€C—
LCYF 1'EC )
6'LLF LTV
(XA 14
6V F99Y

¢0'0FSeL
600 F V€L

pouad Apnys ayj bulinp sdnolb (yaiels |AyahxolpAy) piojjod pue (uipunuabuly) plojjeishio ay; ul siajoweled seb poolg + a|qel

7’00} F6°LG€

9C+ VY3
L'+ 19
g1LFo0ol
VIFCLE
9'c+cc8
'S+ E6L
¢’ F9'6¢C
gL F+6vC
0L +60—
60FVI—
¢y F L6y
L'SFvevy
¢SF8Ilg
L'SF 06V
€0'0Fce’L
€0'0F¢ee’s
¢cF Lol
eLFeL
60F¢€l
€o0F L'}
6'0F¥'86
L'0F L'86
V1 F9ve
0Cc+9€cT
[ O
CLF6'1—
LI9F08YL
L'8CF LTV
L'SFv'ov
g'LFTEY
€0'0Fve'L
70'0F 9€°2

¢V0l F L'€8E

VIF8Y
L'eF¥9
LVFL6
ELFatL
0Gg+¢ees
SV F+96L
9l F€9¢
¢'L 670
gL +60—
oLFE€I—
9'GF L'0S
L'GFE8Y
L'y F¢6v
9V F+98Y
¢0'0F¢ee’s
€0'0Fee’s
0c+col
VEFLLHE
90F 't
¢0+60
8'0+ 986
L'0+886
V'L FEVT
¢'Cc+8¢€T
eLFCI—
VIFO—
7’98 F 69l
9veEF 0TSl
6'EF VY
g'LFTEY
€0'0F9¢€’L
¥0'0F9€’2

0’46 F0'T9€
§ILFLS
1'2F0'9

wb LT LOL
LOLTOLL
9eFges
0vF9IL8
wE 1 TGS
=8 L T8V
£1F90—
S LTl
LOLTTES
96T L6Y
w0 ETF 008
CRE:14
000 F €€4
YOOFvEL
S LFYOL
GLT6 kL
GOF 'L
YOF L'k
LOT 7’86
90T .86
w7 LTV
ol L FLET
VITo -
S PTG

WV EET T 0L
6'8C F LEVL

+x0 €T 6V
6'vFeTy

¢0'0FGe'L
€0'0F LE°L

TL6T8LSE
LLFYS
LT 09

ol LFOLL
L'LFTTL
8V F L'v8
zeFaes

VL TGS
L'V F26T

'L F 80—
YLFLO-
08F1'eS
Y9F'es

07 F 308
6'GF 208

+E0°0F €E4

Y00 FEE'L

S LF60L
eLTgLL
YOFOL
£0F0L
0LFE86
L'0F9'86

VL FOVT
LLFvve
VLTS -
SLF -

G EETOLEL

608 F8'8€1

B ETF8YY
£LF VoY

¢0'0F9g’L
90'0F9€’4

O'GLIF96ve

TTTYS
£TFES
WV LFTLL
81LTSTL
96T LG8
09F6€8
YIT 19T
T T6GT
£1FL0-

LT Y0—
801 TG9G
7’6 T 6'€G
¥ F 938
G9T LIS
£00F LEL
GO0FEEL
wELFELL
SLT6 L
£0FO0L
Z0F60
L'LT 1’86
01LTE86
§1LF0GT
gL F I'e
YIFOL—
1T L0-
TLLTFLESL
Iy TeLEL
YyTeLy
89T 8o
€00 T vEL
GO0 TFGEL

¢'L6F 1'8LE

[
6C+¢€9
VIFvael
LLF8 L
L'SF6'v8
g9+6€8
g1 +89¢
L'6F L'GC
¢'LF€0—
SLFyo—
¢'8+ 999
L'LF8€S
0§ +9'69
8'8+ 809
€0'0F0€’2
G0'0Fee’s
€1LF97cl
EFLLL
oLF¢el
goFacl
0L +8'86
L' +9'86
gL +9'6C
0Cc+9vC
VIEF L
9L F+60—
6 VST I'vLl
0Ly F€'991
9YF 09
<8 FGVY

€0'0F¢ee’s
6L'0FcYvL

L'1S L F099€ 4d

¢0l4/°0®d
L'cF+ceg S3H
V'eF L9 4d

(BHww) deb 0o
v LEFPTL S3H

FEFLLE 44
(,-IPB) aH A

06 F 68 S3H

v9FeL8 +4

(%) 0nos
G'L +89C S3aH

1'c T8 EX|
(,-I1oww) ®_OOQH A2

¢L¥e0-  S3H

6'1F20— 4

(,-lloww) 38 A2
¢'8FG'9S S3aH
8'8F 8IS 44

(BHwwW) 204 Ao
0'sF 998 S3H
¢'8FGY' IS 4d

(BHww) 2004 Ao
€0'0F0€L S3H

S0'0Fee’s 4d
Hd Ao

gLF97cl S3aH

PEFLLL 44
(,-IPB)aH e

oLFeEt S3H

o+ L't 4d

(,_lloww) oyejoe| e
0l +8'86 S3aH

L'l +G6'86 44
(%) °OS ®

¥'1F56C S3H

LLF8YT 4
(,-lloww) EQOH ®

7 L5E VL= S3H

91LFL0— B
(,—Iloww) 3g &

6 VST I'vLl S3H
corFo8yl 4d

(BHww) °04 ®
9 F 08 S3H
«£8F Ty EX]

(BHWwW) 200d ®©
00'0F€€L S3H
0C0FEYL 44

Hd e

592-604

36:

Eur J Anaesthesiol 2019

Copyright © European Society of Anaesthesiology. Unauthorized reproduction of this article is prohibited.



600 Lészl6 et al. EJA

% N Z % 03 GC(;, Table 5 Total amount of intra-operative medications in the
S T2 oh % 29035 % crystalloid (Ringerfundin) and colloid (hydroxyethyl starch) groups
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Fig. 3

Tissue perfusion at heating to 35 °C

200 —
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Perfusion is expressed as the ratio of the perfused units at 44°C/PU without heating (i.e. at original temperature). The figure shows tissue perfusion
on heating to 35°C in the forearm flap and at the control area (skin at the deltoid region) in the crystalloid (RF) and colloid (HES) treated patients at
different time-points of the study. Recordings were taken when the flap was prepared (Ryg), 1 h after reperfusion and continued hourly for up to 12 h.
Data are presented as mean = SD. *P < 0.05 significant difference between groups. /P < 0.05 vs. Ryg,.

reperfusion in both treatment groups. This latter reac-
tion, however, is present in the control areas, and reaches
similar values in both groups. These results suggest that
haemodynamic stability probably has a higher impact on
regional microcirculation than the type of infusion fluid
used to achieve this state.*” Furthermore, intravenously
administered vasopressors may affect denervated vessels
via the endothelial nitric oxide system,”*** but our results
suggest that norepinephrine can be used safely and does
not harm the flap when its administration is controlled by
appropriate haemodynamic assessment.

Although all flaps survived the study period, we observed
that four flaps failed in the HES group and one in the
Ringerfundin group within the first 10 days. However,
in three cases, flap failure occurred most probably due to
surgical complications, but our sample size is too small to
draw any firm conclusions.

Haemodynamic assessment

It appears that most of the clinical trials comparing the
effect of crystalloids and colloids share the common
feature of inappropriate haemodynamic assessment.
The administration of intravenous (i.v.) fluids was
mainly based on the subjective decision of the clini-
(:ians,”’]‘7"25_27 or on parameters such as heart rate, '

11,13,28 11,13,28

blood pressure, central venous pressure,
urine output," 1*?>% Jactate levels'? or central venous
oxygen saturation.''>*® Measurements of cardiac out-
put, stroke volume, stroke volume/PPV were typically
not included.

In the current study detailed, multimodal haemodynamic
evaluation was performed in order to detect haemody-
namic ‘instability’, or more precisely to detect changes in
haemodynamics, which would indicate a requirement for
intervention. Furthermore, instead of targeting treatment
according to fixed values (often seen in recent clinical
trials), we applied a multimodal concept, including regu-
lar blood gas (both arterial and central venous) analyses.
About 40% of patients needed inotropic support during
surgery. This is in accordance with recent results showing
that whenever advanced haemodynamic monitoring was
used intra-operatively, patients required not only fluid
and vasopressors but also positive inotropic support.®

Another important issue to note is that, according to
the haemodynamic assessment, patients’ intra-operative
fluid requirements varied from a minimum of 500 ml to
almost 3.51, indicating a huge individual variability and
emphasising the need for advanced haemodynamic mon-
itoring to guide fluid management in selected cases.

Eur J Anaesthesiol 2019; 36:592-604
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Fig. 4

Effect of heat provocation
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Perfusion is expressed as the ratio of the perfused units at 44°C/PU without heating (i.e. at original temperature). The figure shows the effects on
perfusion at the control site (skin at the deltoid region) and in the forearm flap in the crystalloid (RF) and colloid (HES) treated patients at different
time-points. Recordings were taken when the flap was prepared (Ry), 1 h after reperfusion and continued hourly for up to 12 h. Data are presented
as mean £ SD. *P < 0.05 significant difference between groups. TP <0.05 vs. Rog.

Limitations

Our study has several limitations. It was a single-centre
trial with a relatively small sample size and long-term
effects could not be evaluated. Examination of the effects
of HES on renal function would have been an important
issue, but this was not among the aims of the present
study. Haemodynamic monitoring was performed with
a noncalibrated device. It has been reported that the
accuracy and trending ability of noncalibrated devices
are moderate or even poor when compared with gold
standard technologies applying thermodilution measure-
ments.?”*° However, such results were mainly reported
in critically ill patients, a very different population from
that in the present trial. Although awareness and pain can
exert a profound effect on haemodynamic variables,
depth of anaesthesia monitoring was not used. However,
in addition to clinical signs, continuous measurement of
end-tidal sevoflurane was performed, and we aimed to
keep the minimal alveolar concentration above 1.3 to
achieve adequate depth of anaesthesia. As regards the
type of fluids chosen, comparing Ringerfundin with a
balanced HES-solution (Volulyte rather than Voluven)
could have been a better choice. Finally, if glycocalyx

Eur J Anaesthesiol 2019; 36:592-604

degradation products could have been measured, it could
have provided an important explanation for the observed
difference in the amount of fluid required after crystalloid
and colloid treatments.

Conclusion

In this randomised clinical trial performed during free flap
surgery, we found that compared with colloid, higher
amounts of crystalloid were needed to achieve similar
haemodynamic stability. There was no difference
between the crystalloid and colloid groups as far as hae-
modynamic parameters were concerned nor was there a
difference in flap perfusion either. Our results indicate that
in patients without relevant blood losses and relatively low
infused fluid volumes, when haemodynamic stability is
maintained with the aid of detailed haemodynamic assess-
ment, there is no measurable impact from the type of
infusion fluid on free flap microcirculation.
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