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ABSTRACT

Background: Mini-fluid challenge of 100 ml colloids is thought to predict the effects of larger amounts of fluid (500 ml) in
intensive care units. This study sought to determine whether a low quantity of crystalloid (50 and 100 ml) could predict the
effects of 250 ml crystalloid in mechanically ventilated patients in the operating room.

Methods: A total of 44 mechanically ventilated patients undergoing neurosurgery were included. Volume expansion (250 ml
saline 0.9%) was given to maximize cardiac output during surgery. Stroke volume index (monitored using pulse contour
analysis) and pulse pressure variations were recorded before and after 50 ml infusion (given for 1 min), after another 50 ml
infusion (given for 1 min), and finally after 150 ml infusion (total = 250 ml). Changes in stroke volume index induced by 50,
100, and 250 ml were recorded. Positive fluid challenges were defined as an increase in stroke volume index of 10% or more
from baseline after 250 ml.

Results: A total of 88 fluid challenges were performed (32% of positive fluid challenges). Changes in stroke volume index
induced by 100 ml greater than 6% (gray zone between 4 and 7%, including 19% of patients) predicted fluid responsiveness
with a sensitivity of 93% (95% CI, 77 to 99%) and a specificity of 85% (95% CI, 73 to 93%). The area under the receiver
operating curve of changes in stroke volume index induced by 100 ml was 0.95 (95% CI, 0.90 to 0.99) and was higher than
those of changes in stroke volume index induced by 50ml (0.83 [95% CI, 0.75 to 0.92]; P = 0.01) and pulse pressure varia-
tions (0.65 [95% CI, 0.53 to 0.78]; P < 0.005).

Conclusions: Changes in stroke volume index induced by rapid infusion of 100 ml crystalloid predicted the effects of 250 ml
crystalloid in patients ventilated mechanically in the operating room. (ANESTHESIOLOGY 2017; 127:450-6)

ATIONAL fluid administration is the cornerstone of

perioperative hemodynamic optimization.! Hypo-
volemia increases the risk of organ hypoperfusion, sepsis, e Optimal fluid administration remains an important but elusive
goal in the operating room

¢ Stroke volume maximization with fluid challenge is a potentially
useful technique to optimize fluid management, although

What We Already Know about This Topic

and multiorgan failure, whereas a large amount of fluid may
induce pulmonary and peripheral edema and increase cardiac

demands.*> Broadly, there are two strategies that can be used recommended fluid challenges may have some potential risks
in the operating room. The first is based on the prediction of fluid overload

of fluid responsiveness. For more than 15 yr, dynamic vari- What This Article Tells Us That Is New

ables based on heart-lung interactions have been proposed.” * The authors provide a prospective trial demonstrating that a
Among these indices, respiratory variations in pulse pressure mini-fluid challenge of 100ml can predict the hemodynamic
(PPV) and respiratory variations in stroke volume are the most effects of larger fluid boluses in neurosurgical patients

e The study has important implications to future fluid

opular. They are very effective in predicting the effects of vol-
pop yarevery v P & v challenge algorithms and patient management to maximize
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ume expansion but under very strict conditions.” The main hemodynamic stability and minimize the risk of fluid overload
limitation is the use of low tidal volume.® It is well known in the operating room

nowadays that a protective ventilation strategy is associated

with a decrease in postoperative pulmonary complications.™'®  expansion. Several randomized control trials suggest that
When tidal volume is less than 7 ml/kg of ideal body weight, ~ stroke volume maximization with fluid challenge decreases
high PPV values remain accurate to predict fluid responsive-  both the postoperative length of hospital stay and morbid-
ness, but low values are not informative.!! The second strategy ~ ity.>* The main algorithm used is based on the administra-
is based on titration and monitoring of the effects of volume  tion of 250 ml of crystalloid or colloid for more than 10 min.

This article is featured in “This Month in Anesthesiology,” page 1A.
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Volume expansion is continued until the volume of ejection
does not increase and another volume expansion is performed
if the stroke volume decreases. This protocol is recommended
by the National Institute for Clinical Excellence and by the
French Society of Anesthesiologists.!>!3 Although this algo-
rithm is associated with good outcome, this method may
result in repeated ineffective fluid boluses. During lengthy
surgery, the repetition of ineffective fluid challenge should
be avoided. Indeed, perioperative fluid overload and positive
fluid balance are associated with poor outcome.*> One way
to limit unnecessary fluid infusion is the mini-fluid challenge.

Muller et al' demonstrated in their intensive care unit
(ICU) that the increase in stroke volume induced by rapid infu-
sion of 100 ml colloid (mini-fluid challenge) is able to predict
stroke volume increase induced by 500 ml. In other words, the
plateauing of stroke volume after 100 ml might preclude the
need for additional volume expansion and thus avoid admin-
istering the remaining 400 ml. More recently, Mallat ez 4/
showed that the decrease in PPV or stroke volume variations
after a mini-fluid of colloid predicted fluid responsiveness.

We hypothesized that changes in stroke volume index
induced by rapid infusion of a small quantity of crystal-
loid could predict the effects of a larger amount of fluid
in patients ventilated mechanically in the operating room.
Therefore, the present study sought to evaluate the degree to
which changes in stroke volume index (ASVI) induced by
the rapid infusion of 50 and 100 ml crystalloid could predict
the effects of administering 250 ml crystalloid.

Materials and Methods

Patients

This study obtained the approval of the institutional review
board (Comité de Protection des Personnes Sud-Ouest et
Outre Mer III, Bordeaux, France, No. DC2015/117), and
oral informed consent was obtained from all of the patients
(the institutional review board waived the need for written
informed consent because the studied strategy did not change
the current strategy of fluid administration). The inclusion of
patients lasted for 1 yr, from July 2014 to July 2015. Inclusion
criteria were as follows: patients older than 18 yr scheduled for
neurosurgery, equipped with radial arterial catheter and cardiac
output monitor, surgery in supine position, and the absence
of arrhythmia. Volume expansion (250 ml saline 0.9%) was
performed at the discretion of the attending physician.

Perioperative Management

Patients were monitored with noninvasive blood pressure,
oxygen saturation measured by pulse oximetry, and electro-
cardiogram. Total IV anesthesia was used by target-controlled
infusion of remifentanil and propofol. Patients were mechani-
cally ventilated using a volume-control mode with a tidal
volume of 6 to 8 ml/kg of ideal body weight, respiratory rate
was adjusted to maintain normocapnia, positive expiratory
pressure was set between 3 and 6cm H,O, inspired oxygen
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fraction was adjusted to maintain pulse oximetry above 95%,
and inspiratory/expiratory ratio was 0.5.

Hemodynamic Monitoring

A radial arterial catheter was linked to a bedside monitor
on one side and to a specific transducer (ProAQT; Pulsion
Medical System, Germany) for stroke volume index moni-
toring on the other side. The initial value of cardiac output
was estimated with a proprietary algorithm performing an
autocalibration. Cardiac output was then determined by
pulse contour analysis. PPV was continuously displayed on
the Pulsioflex (Pulsion Medical System, Germany) monitor.

Study Design

The design of the study is shown in figure 1. Hemodynamic
measurements included heart rate; systolic, diastolic, mean,
and pulse arterial pressure; stroke volume index; and PPV.
Volume expansion consisted of an infusion of 250 ml saline
0.9% over 10min. Sets of measurements were performed
before volume expansion, 1 min after the infusion of 50 ml
given over 1 min, 1 min after the infusion of another 50ml
(total = 100 ml) given over 1 min, and 1 min after the infusion
of the remaining 150 ml (total = 250 ml) given over 5 min.

Statistical Analysis

In view of previous results (PPV area under the receiver
operating characteristics curves of 0.51 in nonselected con-
ditions),'® sample size estimation showed that at least 42
patients were necessary to highlight a difference of 0.25
between ASVI 100 and PPV areas under the receiver oper-
ating characteristics curves (two-tailed type I error at 5%,
power equal to 80%, and ratio of sample sizes in negative/
positive groups at 1/4).'7'8 Positive fluid challenge was
defined as an increase in stroke volume index of 10% or
higher from baseline after an infusion of 250 ml.

Results were expressed as mean + SD if data were nor-
mally distributed or median (25 to 75% interquartile range)
if not. Hemodynamic parameters were compared at base-
line between positive and negative fluid challenges using the
Mann—-Whitney U test. The effects of volume expansion on
hemodynamic parameters were studied using the Friedman
nonparametric repeated measures comparisons, and post hoc
analyses were performed using the Wilcoxon test with Bon-
ferroni adjustment. To take into account the fact that several
fluid challenges were performed in the same patient, ran-
dom-effects models were performed to study between- and
within-patient variability, as well as generalized linear mixed
models (logit link function to dichotomous endpoint). The
same statistical approach was used for repeated measures
in the receiver operating characteristic curve and the gray
zone.'>?" Receiver operating characteristic curves were gen-
erated for PPV, ASVI 50, and ASVI 100 by varying the dis-
criminating threshold of each parameter, and areas under
the receiver operating characteristics curves (95% Cls) were
calculated and compared as proposed by DeLong et al.'” The
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Fig. 1. Study design. Hemodynamic measurements included heart rate; systolic, diastolic, mean, and pulse arterial pressure;
stroke volume index; and pulse pressure variations. Volume expansion consisted of an infusion of 250 ml saline 0.9% given
over 10min. Sets of measurements were performed before volume expansion, 1 min after the infusion of 50 ml given over
1min, 1 min after the infusion of another 50 ml (total = 100 ml) given over 1 min, and 1 min after the infusion of the remaining

150ml (total = 250 ml) given over 5min.

best cutoff value was chosen so as to maximize the Youden
index (sensitivity + specificity — 1). A P value less than 0.05
was considered to be statistically significant. Receiver oper-
ating characteristics curve methodology does not take into
account the existence of an overlap between positive and
negative fluid challenges. The gray zone methodology avoids
the binary response proposed by the receiver operating
characteristics curves and proposes a low cutoff value that
excludes positive fluid challenge in 90% of patients, whereas
a high cutoff value predicts positive fluid challenge in 90%
of cases.?!=%?

Estimation of the gray zone was based on two major
steps. First, receiver operating characteristics curves were
created by using a bootstrap methodology, which creates
multiple samples (1,000) by randomly drawing instances,
with replacement, from the original study population.
So, this first step was useful to determine 95% CI of the
best thresholds of the bootstrap population (1,000).2 The
second step was performed to define a threshold related
to a sensitivity of 90% and another threshold related to
a specificity of 90% using the 1,000 population. Finally,
the larger gray zone obtained using these two steps was
retained.

Statistical analysis was performed using Medcalc (soft-
ware 11.6; Mariakerke, Belgium), R Development Core
Team (http://www.R-project.org, version R 3.4.0, accessed
January 2017), and NCSS 8 (NCSS, LLC, USA).

Results

Patient Characteristics

Eighty-eight volume expansions (positive fluid challenge =
28, negative fluid challenge = 60) were performed in 44 non-
consecutive patients. The main characteristics of the patients
are reported in table 1, and their hemodynamic variables are
shown in table 2.
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Hemodynamic Changes during Volume Expansion
Hemodynamic variables in positive fluid challenge and neg-
ative fluid challenge at different steps of volume expansion
are shown in table 2. The evolution of stroke volume index
in positive and negative fluid challenges at different steps of
volume expansion are shown in figure 2.

Prediction of Positive Fluid Challenge

The intraclass correlation coeficient, estimated from ran-
dom-effects generalized linear models used to predict the
effect of volume expansion, was approximately 0 (intraclass
correlation coefficient = 0.02), thereby describing a low
patient effect and little impact on results.!”?%5 The ability

Table 1. Main Characteristics of Patients (n = 44)
Characteristics

Age (yr) 57+14
Sex, male/female (n) 18/26
Height (cm) 172 (160-178)

Weight (kg)
Ideal body weight (kg) 3 (52-73)
Tidal volume (ml) 422 380-485)

75 (64-82)
63 (
(
Tidal volume (ml/kg of ideal body weight) 9 (6.5-7.2)
(1
5 (5-
(4

Respiratory rate (cycles/min) 2-15)
Positive end expiratory pressure (cm H,0) 5)
Fio, (%) 50 (45-50)
Driving pressure (cm H,0) 10+3
Surgery (n)
Cerebral tumor 21
Metastasis 17
Aneurysm 3
Cortectomy 3
No. volume expansions/patient 2 (1-3)
No. patients receiving 1/2/3/4 fluid challenges (n)  17/12/13/2

Values are mean + SD, median (25th to 75th percentile), or number (n).
Flo2 = inspired oxygen fraction.

Biais et al.
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Table 2. Hemodynamic Variables at Baseline and after 50, 100, and 250 m| Saline Infusion in Positive Fluid Challenges (n = 28) and

Negative Fluid Challenges (n = 60)

Baseline 50 ml 100 ml 250 ml P Value

Heart rate (bpm)

Positive fluid challenges 65 (60-70) 64 (60-68)* 64 (60-71)" 63 (59-69)* < 0.00001

Negative fluid challenges 67 (59-76) 67 (56-75)" 66 (57-74)" 67 (56-73)" < 0.0005
Mean arterial pressure (mmHg)

Positive fluid challenges 69 (60-73) 68 (60-75) 69 (63-74) 71 (66-75) <0.05

Negative fluid challenges 65 (60-74) 67 (59-74) 67 (61-74) 67 (62-77) > 0.05
Stroke volume index (ml/m?)

Positive fluid challenges 37 (29-40) 38 (32-42)* 41 (33-45)* 43 (35-47)* < 0.00001

Negative fluid challenges 41 (35-45) 41 (36-47) 42 (37-47) 42 (37-47) < 0.00001
PPV (%)

Positive fluid challenges 11 (8-14) 10 (8-13)* 9 (6-11)* 7 (5-9)* < 0.00001

Negative fluid challenges 9 (7-11)t 8 (6-10)*t 8 (6-10)* 7 (6-9) < 0.00001

Values are median (25th to 75th percentile). Positive fluid challenges were defined as an increase in stroke volume index by 10% or higher after 250-ml intra-
vascular volume expansion. Baseline was before volume expansion, 50 ml was after 50 ml saline infusion, 100 ml was after 100 ml saline infusion, and 250 ml
was after 250 ml saline infusion. P value shows multiple comparisons among baseline, 50 ml, 100 ml, and 250 ml using Friedman test for repeated measures.

*P < 0.0125 versus TO using Wilcoxon test with Bonferroni adjustment. 1P < 0.05 between positive and negative fluid challenges (comparison not performed

for stroke volume index).
Bpm = beats per minute; PPV= pulse pressure variation.
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Fig. 2. Individual values of stroke volume index (in millili-
ters per meter squared) at baseline and after administration
of 50, 150, and 250ml saline 0.9% in positive and negative
fluid challenges. Positive fluid challenge was defined as an
increase in stroke volume index of 10% or greater from base-
line after an infusion of 250 ml.
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of ASVI 50, ASVI 100, and PPV to predict the effect of
volume expansion is shown in table 3 and figure 3. Areas
under the receiver operating characteristics comparison
demonstrated the superiority of ASVI 100 over ASVI 50
(P < 0.005) and over PPV (P < 0.0001) and the superiority
of ASVI 50 over PPV (P =0.01).

Mini-fluid Challenge for Limiting Unnecessary Fluid
Infusion: An a Posteriori Analysis

If volume expansion was stopped when ASVI 100 was not
above 4% (low value of the gray zone), it would have avoided
150 ml inefficient fluid challenge in 44 (73%) of 60 with
negative fluid challenge.

Discussion

This study demonstrates that, in neurosurgical patients ven-
tilated with low tidal volume in the operating room, (1) the
performance of ASVI 100 is better than that of ASVI 50 and
PPV to predict the effect of volume expansion; (2) the prob-
ability of a positive response to volume expansion is greater
than 90% when ASVI 100 is greater than 7%; (3) the prob-
ability of a negative response to volume expansion is greater
than 90% when ASVI 100 is less than 4%; and (4) 19% of
patients are in the gray zone (ASVI 100 between 4 and 7%).

The main interest of mini-fluid is to limit unnecessary
fluid infusion. Interestingly, our study suggested that volume
expansion would be stopped after 100 ml in 73% of nega-
tive fluid challenges. Results of ASVI 50 are disappointing
because best threshold value (2%) and lower value of the
gray zone (0%) are very small and thus not clinically rel-
evant. Furthermore, almost half of the patients (47%) are in
the gray zone.

Recently, MacDonald e 2/.2° published a substudy of the
OPTIMISE Trial. This article reported 556 fluid challenges

Biais et al.
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Table 3. Ability to Predict Increase in Stroke Volume of 10% or Greater after Infusion of 250 ml Saline over 10 min

Patients Whose

Best Gray Zone, Measurements Were AUROC Sensitivity Specificity
Index Threshold, % range, % in the Gray Zone, % (95% Cl) 95% Cl), % (95% Cl), %  Youden Index J
ASVI 50 >2 0-7 47 0.83 (0.75-0.92) 89 (72-98) 67 (53-78) 0.56
ASVI 100 >6 4-7 19 0.95 (0.90-0.99) 93 (77-99) 85 (73-93) 0.78
PPV > 10 6-14 75 0.65 (0.53-0.78) 54 (34-73) 68 (55-80) 0.22

Best threshold value was determined using the Youden index. Data show the specificity (95% ClI).

AUROC = area under receiver operating characteristics curves; ASVI 50 =changes in stroke volume index induced by rapid 50-ml volume expansion; ASVI 100 =
changes in stroke volume index induced by rapid 100-ml volume expansion; PPV = pulse pressure variation; Youden index J = sensitivity + specificity — 1.

100 |~

hydroxyethyl starch) could predict the effects of a 500-ml
infusion. Wu et 2/.*” demonstrated in 55 critically ill patients
that the increase in aortic blood flow (measured using echo-
cardiography) after an ultra-rapid (10-s) micro-fluid chal-
lenge (50ml crystalloid) was able to predict the effects of
500 ml. More recently, Mallat ez 2.1 studied 49 critically ill
patients and showed that the increase in stroke volume (mea-

80 -

60 -
sured using pulse contour) after a rapid infusion of 100 ml

colloid accurately predicted fluid responsiveness but with a

Sensitivity

large gray zone.
Our study differs on many points with the abovemen-
— ASV100 tioned studies. First, it was performed in the operating room

- ;5 ------ ASV50 and not in an ICU, so the goals, therapeutics, and moni-
20H / S e PPV

40

toring were different. Second, fluid challenge was not per-

i L formed in acute circulatory failure patients but was given to
Az maximize cardiac output and to bring the patient’s heart to

0 ' 1 1 1 1 1 the beginning of the flat portion of the Frank-Starling curve.
0 20 40 60 80 100

100-Specificity

Third, volume expansions were performed with a smaller
quantity of fluid (250 ml) than in ICU studies (recommen-
dations are different between ICU and operating room),*28
and only crystalloids were used. Finally, the response to fluid
challenge was defined as an increase in stroke volume greater

Fig. 3. Receiver operating characteristics curves generated
for ASVI 50 (changes in stroke volume index [SVI] induced
by a rapid 50ml volume expansion), ASVI 100 (changes in
stroke volume index induced by a rapid 100 ml volume expan- ]
sion), and pulse pressure variations (PPV) showing the ability than 10% from baseline.

to predict the effect of a 250 ml volume expansion given over Dynamic indices are known to predict fluid responsive-
10min. Positive fluid challenge was defined as an increase in ness accurately in precise conditions.?” The main limitation
stroke volume index of 10% or greater from baseline after an in the operating room is the use of low tidal volume.? On

infusion of 250 ml. one hand, several studies demonstrated that, when com-

pared with a standard strategy (using tidal volume of 10
in 100 patients. Only 159 fluid challenges (28.6%) were to 12ml/kg of ideal body weight), a protective ventilation
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associated with increased stroke volume. Our results are  strategy (using tidal volume of 6 to 8 ml/kg of ideal body
close to theirs (32% of positive fluid challenges). The mini- weight) is associated with a decrease in pulmonary postop-
fluid approach in the operating room makes sense because erative complications, so the interest of these indices is lim-
several fluid challenges are performed per patient. Avoiding ited.”!® Our study confirms the low ability of PPV in these
150 ml per patient has little impact on fluid balance, but, as conditions and the large gray zone.?** On the other hand,

demonstrated by this recent study,?® several fluid challenges  no published study demonstrated the superiority of tidal vol-
are performed per patient during surgery. In this way, the ~ ume of 6 to 8 ml/kg of ideal body weight compared with 8

mini-fluid approach may impact fluid balance and signifi-  to 10 ml/kg. Thus, the use of dynamic parameters (which are

cantly avoid unnecessary fluid administration. easier to use and less expensive than cardiac output monitor-
Three studies evaluated the performance of mini-fluid ing) may still be interesting in the future.

challenge in critically ill patients. Muller ez /' investigated Colloids, and particularly hydroxyethyl starch solutions,

39 critically ill ventilated patients with acute circulatory  are extensively used during goal-directed fluid optimization
failure. They showed that an increase of 10% or higher in  strategies in surgical patients.>* However, several randomized
aortic blood flow (measured using echocardiography) after ~ control trials undertaken in ICUs suggest that hydroxyethyl
rapid infusion (I min) of a mini-fluid challenge (100 ml starch may compromise renal function and outcome.’!3?
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Copyright © 2017, the American Society of Anesthesiologists, Inc. Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



PERIOPERATIVE MEDICINE

On the other hand, the administration of a large quantity of
saline 0.9% may induce hyperchloremic metabolic acidosis
and acute kidney injury.>*34 Several studies suggest that col-
loid and crystalloid are not interchangeable in terms of vol-
ume expansion and that greater fluid volumes are necessary
with crystalloids than with colloids.?>=” We exclusively used
crystalloid in the present study and found that the increase
in SVI after a bolus of 50 ml saline seemed able to predict
positive fluid challenge but that the cutoff (2%) did not
seem clinically relevant. We therefore hypothesize that the
increase in SVI induced by a bolus of 50 ml colloid would be
greater and clinically relevant so other studies investigating
this issue are needed.

This study has some limitations. First, cardiac output was
monitored by using pulse contour analysis without external
calibration. This technology may be wanting in the event of
vasoplegia and/or large changes in systemic vascular resis-
tance, but it accurately estimates changes in cardiac output
induced by volume expansion.*-4° We did not calculate the
reproducibility and the least-significant change of the SVI
measurement determined by Pulsioflex monitor. However,
using the same pulse pressure analysis algorithm, Monnet ez
al*' demonstrated that a 5% cardiac index increase during
an occlusion test predicted fluid responsiveness. This result
suggests that this algorithm is able to detect 5% changes in
cardiac index and thus in stroke volume. Second, patients
with cardiac dysfunction and/or arrhythmia were not
included, so the findings cannot be extrapolated. Finally, the
patients were in the supine position and were scheduled for
neurosurgery, so extrapolation to patients positioned other-
wise and in other types of surgery is not possible.

Conclusions

The rapid administration of 100 ml crystalloid can predict
the effects of administering 250 ml crystalloid in mechani-
cally ventilated patients undergoing neurosurgery. This strat-
egy would permit a limitation of fluid administration during
three quarters of negative fluid challenges.
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