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Abstract
During abdominal surgery, the use of protective ventilation with a low tidal volume, positive expiratory pressure (PEEP) and |
recruitment maneuvers (RMs) may limit the applicability of dynamic preload indices. The objective of the present study was to
establish whether or not the variation in stroke volume (SV) during an RM could predict fluid responsiveness.

We prospectively included patients receiving protective ventilation (tidal volume: 6mLkg~", PEEP: 5-7cmH,O; RMs).
Hemodynamic variables, such as heart rate, arterial pressure, SV, cardiac output (CO), respiratory variation in SV (ArespSV) and pulse
pressure (ArespPP), and the variation in SV (ArecSV) as well as pulse pressure (ArecPP) during an RM were measured at baseline, at
the end of the RM, and after fluid expansion. Responders were defined as patients with an SV increase of at least 15% after infusion of
500mL of crystalloid solution.

Thirty-seven (62%) of the 60 included patients were responders. Responders and nonresponders differed significantly in terms of
the median ArecSV (26% [19-37] vs 10% [4-12], respectively; P<0.0001). A ArecSV value more than 16% predicted fluid
responsiveness with an area under the receiver-operating characteristic curve (AU) of 0.95 (95% confidence interval [Cl]: 0.91-0.99;
P <0.0001) and a narrow gray zone between 15% and 17%. The area under the curve values for ArecPP and ArespSV were,
respectively, 0.81 (95%Cl: 0.7-0.91; P=0.0001) and 0.80 (95%ClI: 0.70-0.94; P<0.0001). ArespPP did not predict fluid
responsiveness.

During abdominal surgery with protective ventilation, a ArecSV value more than 16% accurately predicted fluid responsiveness and
had a narrow gray zone (between 15% and 17%). ArecPP and ArespSV (but not ArespPP) were also predictive.

Abbreviations: ArecPP = recruitment maneuver pulse pressure variation, ArecSV = SV variation during recruitment maneuver,
ArespPP = respiratory pulse pressure variation, ArespSV = respiratory stroke volume variation, CO = cardiac output, DAP = diastolic
arterial pressure, EDM = esophageal Doppler monitoring, MAP = mean arterial pressure, PEEP = positive end expiratory pressure,
PP = pulse pressure, RM = recruitment maneuver, SAP = systolic arterial pressure, SV = stroke volume, TV = tidal volume.
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1. Introduction

Early goal-directed fluid therapy during surgery decreases the
length of hospital stay and postoperative morbidity, and its use at
the bedside is recommended."-*! This approach is based on fluid
optimization and the maximization of cardiac output (CO) by
using dynamic preload indices or fluid titration. Dynamic preload
indices (such as the respiratory variation in pulse pressure
(ArespPP) or stroke volume [ArespSV]) are based on the
interaction between the cardiovascular and pulmonary systems
during positive-pressure mechanical ventilation.*! Nevertheless,
a low tidal volume (TV), heart rhythm disorders, and right heart
failure decrease the reliability of these indices.'! Protective
ventilation (with a low TV, positive expiratory pressure (PEEP),
and the use of a recruitment maneuver [RM]) appears to be
associated with a shorter stay in hospital and a lower
complication rate.°””) However, protective ventilation alters
the predictability of dynamic preload indices and thus limits their
use in the operating theatre.[®! Other preload tests (such passive
leg-raising and an end-expiratory maneuver) can be used but are
less accurate and more difficult to implement.”” In this context,
variations in the CO or stroke volume (SV) during the RM could
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also be monitored as a guide to preload dependency. RMs
increases intrathoracic pressure, which in turn causes a transient
decrease in CO and arterial pressure; this may depend on preload
status."” This approach has been studied and validated in septic
patients, but not in patients with protective ventilation.''"! The
main objective of the present study was to establish whether or
not the variation in SV during a RM (ArecSV) predicts a further
increase in SV upon fluid expansion. We also assessed the
predictive value of ArespPP, ArespSV and the variation in pulse
pressure during a RM (ArecPP) in this context.

2. Methods
2.1. Ethics

After approval by the local investigational review board (Comité
de Protection des Personnes Nord-Ouest II, Amiens, France;
reference: 2014-79), we performed a prospective study in the
operating theater at Amiens University Medical Center between
January and September 2015. All patients received written
information on the study’s objectives and procedures, and gave
their informed consent to participation before surgery. The
present manuscript was drafted in compliance with the STROBE
checklist for cohort studies.!'!

2.2. Patients

The main inclusion criteria were as follows: invasive arterial
blood pressure and esophageal Doppler monitoring (EDM), the
use of protective ventilation, and fluid challenge in the operating
theater. Patients with frequent ectopic beats, preoperative
arrhythmia, right ventricular dysfunction, or spontaneous
ventilation were not included. Fluid expansion was performed
in patients with arterial hypotension (ie, a systolic arterial
pressure below 100mm Hg) or an SV decrease of more than
10%. In our institution, fluid challenge consists of infusion of
500mL of Ringer lactate via a pressure bag. Patients having
undergone several RMs were included only once (ie, when they
first met the inclusion criteria).

2.3. Anesthesia

Each patient was monitored with pulse oximetry, arterial
invasive blood pressure monitoring, and 5-lead electrocardiog-
raphy. Balanced general anesthesia was applied. All patients were
intubated and ventilated in volume-controlled mode. The exact
choice of drug was left to the anesthetist’s discretion (either
propofol or etomidate as hypnotics and either remifentanil or
sufentanil as opioids). Anesthesia was maintained with either an
inhaled hypnotic (desflurane or sevofurane) or propofol and the
opioid used for induction. Neuromuscular blockade was
systematically induced with rocuronium (0.6mgkg™') or cis-
atracurium (0.15mgkg™!). The TV was adjusted to the ideal
body weight to obtain 6 mLkg ™", the ventilatory rate was set in
order to maintain an end-tidal CO; pressure of 35-37 cmH,O0,
and PEEP (5-7cmH,0) was applied. Static pulmonary compli-
ance was calculated as TV divided by (pressure plateau minus
total end expiratory pressure). Epidural anesthesia was used after
surgery, but was never used during surgery.

2.4. Esophageal Doppler monitoring

The EDM probe (CardioQ, Deltex Medical, Laboratoire
Gamida, Eaubonne, France) was positioned so as to obtain the
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optimum signal for blood velocity in the descending aorta. SV
and CO were calculated continuously (beat-by-beat) from the
aortic blood flow velocity by using EDM software, and the values
were averaged over a 10-second moving window. Respiratory
variations (Aresp) of EDM values were obtained as described
previously, regardless of the respiratory cycle.!'¥) All measure-
ments were analyzed off-line using a video of the monitoring
signal. We calculated the mean+standard deviation (SD)
intraobserver and interobserver reproducibility (2.8+1.3%
and 5.1+3.2%, respectively).

2.5. The recruitment maneuver

RMs were performed as described in the literaturel®7

immediately after intubation, every 30minutes during the
procedure, before extubation, and whenever the ventilatory
circuit was disconnected. In the absence of a literature consensus
on the type of intraoperative RM to be used in patients with
normal (healthy) lung compliance, the RM consisted of the
application of a continuous positive inspiratory pressure of 25
cmH,0 for 25seconds (as implemented in our center’s depart-
ment of anesthesia).

2.6. Data collection

We recorded demographic data (weight, age, gender, ASA
(American Society of Anesthesiology) score, medical history, and
the type of operation), respiratory parameters (TV, respiratory rate,
insufflation pressure [peak], plateau pressure, and the level of
PEEP), and hemodynamic parameters (systolic blood pressure
[SAP], diastolic blood pressure [DAP], mean arterial pressure
[MAP], heartrate, ArespPP, ArespSV, and EDM data [SV and CO]).

2.7. Study protocol

When a patient met the inclusion criteria, the investigating
physicians collected a first set of demographic, ventilatory, and
hemodynamic data (Base 1) before fluid expansion. After the RM
had been performed, a second dataset (RM) was recorded. A third
dataset was recorded Sminutes after all the hemodynamic
variables had returned to baseline values (Base 2). Next, fluid
expansion (500 mL of Ringer lactate over 10 minutes via a pressure
bag) was performed. On the basis of very sparse literature data on
the maximum possible effect of fluid expansion on hemodynamic
variables, we decided to acquire a fourth and last set of
hemodynamic data (FE) 5 minutes after the fluid expansion./>! 13!
ArespPP was automatically calculated by the Philips monitor-
ing system; this method has already been validated.""*! ArespSV
was calculated as described previously: ArespSV=([SVmax —
SVmin]/[SVmax + SVmin])/2 x 100, where SVmin and SVmax
are the minimum and maximum SV values over a single
respiratory cycle, respectively.'®! All values correspond to the
mean of 3 measurements. ArecPP was calculated as follows:
ArecPP = (PP}, e1 —PPravi)/(PPhaser) X 100. ArecSV was calculated
as follows: ArecSV=(SVpase1=SVrMm)/(SVhase1) X 100, where
SVim is the mean of the last 3 SVs at the end of the RM.
ArecSV and ArecPP are expressed as absolute values.
Nonresponders and responders were defined with regard to the
change in SV (expressed as a percentage) after fluid expansion.!!
A positive response (fluid responder) was defined as an SV
increase of at least 15% between Base 2 and fluid expansion.['!
This cut-off was chosen in accordance with the literature data on
fluid expansion and because it is twice the value of the
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Figure 1. Study flow chart.

interobserver/intraobserver reproducibility of SV measurements
using EDM.

2.8. Statistics

Based on a pilot study of 15 patients, it was calculated that a
sample size of 60 patients would be sufficient to demonstrate that
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(i) ArecSV can predict fluid responsiveness with an area under the
curve (AUC) of between 0.8 and 0.87, a power of 80%, an alpha
risk of 0.05 and a beta risk 0f0.2, and (ii) ArecSV is correlated
with SV changes upon fluid expansion (with a ratio ranging from
0.5 to 0.7). The data distribution was assessed using a
D’Agostino—Pearson test. Data are expressed as the number
(percentage), the mean (SD) or the median (25-75%) as
appropriate. The nonparametric Wilcoxon rank sum test,
Student’s paired ¢ test, Student’s ¢ test, the Mann—-Whitney test,
the Kruskal-Wallis test and an analysis of variance with
Bonferroni post hoc correction were used to assess statistical
significance, as appropriate. Categorical variables were com-
pared in a chi-square test or Fisher exact test. Linear correlations
were tested using Pearson rank method. A receiver-operating
characteristic (ROC) curve was drawn for ArecSV, ArespSV,
ArespPP, and ArecPP. We selected the threshold that gave the
highest Youden index. The gray zone (corresponding to 2 cut-offs
between which the prediction of fluid responsiveness remained
uncertain) was calculated using 3 response classes (negative,
inconclusive, and positive). Inconclusive responses were cut-off
values with a sensitivity and a specificity below 90% (ie,
diagnostic tolerance of 10%).I"”) The method described by
DeLong et al was used to compare the areas under the ROC curve
(AUC) associated with the variables."® The association between
the volume of fluid infused (mLkg '), cardiovascular variables
(heart rate, SAP, MAP, DAP, SV, CO, ArespSV, ArecSV, and
ArecPP) and fluid responsiveness was assessed using a univariate
logistic regression model. Variables with a P value less than 0.10
in the univariate model were included in a multivariate logistic

Demographic characteristics of the study population.

Overall Responders Nonresponders P
population N=60 N=37 N=23 value
Demographic parameters
Age (mean, SD), y 62 (15) 64 (15) 58 (15) 0.175
Gender (M/F) 38/22 16/21 6/17 0.271
Height (mean, SD), cm 171 9 170 (9) 172 (10) 0.536
BMI (mean, SD), kg m—2 27 (6) 26 (4) 28 (8) 0.096
ASA, n (%)
2 34 (57) 21 (57) 13 (57)
3 20 (33) 13 (35) (30) 0.803
4 6 (10) 39 3(13)
Medications, n (%)
Beta-blockers 16 (27) 8 (29) 8 (35) 0.369
ACE inhibitor 18 (30) 10 (27) 8 (35) 0.284
Calcium channel blocker 22 (37) 14 (38) 8 (35) 1
Diuretics 13 (23) 7(19) 6 (26) 0.535
Type of surgery, n (%)
Urology (prostatectomy, cystectomy, nephrectomy, pelvectomy) 28 (47) 17 (46) 11 (48)
Visceral (peritonitis, hyperthermic intraperitoneal 31 (51) 19 (51) 2 (52) 0.728
chemotherapy, hepatectomy, cephalic/caudal
duodenopancreatectomy, colectomy)
Gynecology (debuilking surgery) 1@ 10 0
Respiratory parameters
Respiratory rate (mean, SD), min~"' 16 15 @) 16 (2) 0172
Tidal volume (mean, SD), mL kg~ of predicted body weight 6 (0.3) 6.1 (0.2 6 (0.3 0.312
Plateau pressure (mean, SD), cmH,0 16 16 (1) 16 (3) 0.221
Positive end expiratory pressure (mean, SD), cmH,0 6 (0.5 6 (0.5 6 (0.5 0.982
Static pulmonary compliance (mean, SD), mL cmH,0~" 47 (16) 48 (14) 47 (15) 0.929

Values are expressed as mean (+ SD) or number (%).

ACE inhibitor = angiotensin-converting-enzyme inhibitor; ASA = American society of anesthesiologists score; BMI= body mass index; SD = standard deviation, static pulmonary compliance was calculated as tidal

volume divided by (pressure plateau minus total end expiratory pressure).
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regression model with backward selection. The threshold for
statistical significance was set to P<0.05. Statistical analyses
were performed with SPSS software (version 22, IBM, New-
York, USA) and R software (version 3.3.1, Vienna, Austria) with
the ROCR package.

3. Result

A total of 60 patients were included. The study flow chart is
shown in Fig. 1. Baseline characteristics for the whole study
population are reported in Table 1. During the study period, none
of the patients had received continuous infusions of norepineph-
rine or dobutamine or boluses of ephedrine.

Thirty-seven (62%) of the 60 patients were classified as fluid
responders, and thus the remaining 23 (38%) were classified as
non-responders. The mean+SD volume used in the fluid
challenge was similar in the responders and nonresponders
(6.9+1.7mLkg ' vs 6.5+ 1.6mL kg, respectively; P=0.225).
The baseline SV and CO were lower and ArespSV was higher in
responders than in nonresponders (Table 2). Fluid expansion
increased MAP, SV, and CO and decreased ArespSV and ArespPP
in responders only (Table 2). Responders and nonresponders
differed in terms of the median SV increase of SV with fluid
expansion (23% [18-33] vs 6 % [3-11], P <0.05). The median
ArecSV was greater in fluid responders than in nonresponders

Cardiovascular variables in responders and nonresponders
expressed as mean (SD) or median (25-75'°).

Fluid

Base 1 RM Base2 expansion
HR, bpm
Responders 73 (15) 71 (15 73 (17) (15)
Nonresponders 78 (18) ¥ 75 (20)
MAP, mm Hg
Responders 72 (10) 64 (11)f 13 4 (13)
Nonresponders 72 (14) 68 (18)" 72 (14) 73 (11)
PP, mm Hg
Responders 47 (11) 35 (12)7" 12 (15"
Nonresponders 52 (14) 48 (15) (15) )
SV, mL .
Responders 73 (19)" 52 (18)"" 72 21)" 92 (26)""
Nonresponders 106 (35) 8 (33)F 105 (35) 107 (37)
€0, mL min”"
Responders 52 (1.7)" 37014 5209 6.7 (2.3)""
Nonresponders 8.1 (3.1 7.1 Q) 79 (3.2 8.3 (3.3
ArespPP, %
Responders 7 (5-12) 8 (6-10) 6 (3-6)
Nonresponders 6 (5-8) 5 (49 5 (4-7)
ArespSV, %
Responders 11 8-16) " 11 (7-14) 7 5-9)°
Nonresponders 6 (5-10) 8 (7-13) 6 (4-8)
ArecSV, %
Responders 26 (1 9—37)*
Nonresponders 10 (4-12)
ArecPP, % .
Responders 29 (16-38)
Nonresponders 9 (3-20)

ArecPP =recrutement manceuvre pulse pressure variation, ArecSV=recruitment manceuvre stroke
volume variation, ArespPP =respiratory pulse pressure variation, ArespSV=respiratory Stroke
Volume variation, CO=cardiac output, HR=heart rate, MAP=mean arterial pressure, PP =pulse
pressure, SV=stroke volume.

“P<0.05 between groups.

T P<0.05 within groups (RM vs base 1, fluid expansion vs base 2).
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Diagnostic performance of ArecSV, ArecPP, and ArespSV to
predict fluid responsiveness.

ArecSV ArecPP ArespSV
ROCauc 0.95 (0.91-0.99  0.81 (0.7-0.91 0.8 (0.70-0.94)
Cut-off value (%) 16 25 8
Sensitivity 92 (78-98) 62 (45-78) 71 (54-85)
Specificity 96 (85-100) 96 (78-100) 71 (48-89)
Positive predictive value 100 (90-100) 96 (79-100) 81 (63-93)
Negative predictive value 89 % (70-98) 61 (44-77) 60 (39-79)
Youden index 0.92 0.62 0.43
Grey zone 15-17 6-26 6-11
Number of patients within 5 (8%) 25 (42%) 20 (33%)

the grey zone

ArecPP =recruitment maneuver pulse pressure variation, ArecSV =recruitment maneuver stroke
volume variation, ArespSV = respiratory stroke volume variation, ROCxyc=area under the receiver
operating characteristics curves.

patients (26% [19-37] versus 10% [4-12], respectively;
P <0.05); the same was true for ArecPP (29% [16-38] vs 9%
[3-20], respectively; P <0.05; Table 2).

ArecSV and ArecPP were correlated with SV variations upon
fluid expansion (r=0.63 [95%CIL: 0.44-0.76], P<0.0001, and
r=0.48 [95%CI: 0.26-0.66], P<0.0001, respectively). Base-
line ArespSV and ArespPP were also correlated with SV
variations upon fluid expansion (r=0.541 [95%CI: 0.29-0.68],
P=0.0001, and r=0.42 [95%CI: 0.16-0.62], P=0.002,
respectively).

ArecSV was strongly predictive of fluid responsiveness, with an
AUC of 0.95 (95%CI: 0.91-0.99, P<0.0001). The gray zone
ranged from 15% to 17%. ArecPP predicted fluid responsiveness
with an AUC of 0.81 (95%CI: 0.7-0.91, P=0.0001). The gray
zone ranged from 6% to 26%. ArespSV predicted fluid
responsiveness with an AUC of 0.80 (95%CI: 0.70-0.94, P=
0.0001). The gray zone ranged between 6% and 11%. ArespPP
was not predictive of fluid responsiveness, and yielded an AUC of
0.65 (95%CI: 0.51-0.77) (P=0.07, Table 3, Fig. 2). The AUC of
ArecSV was greater than those of ArecPP and ArespSV (P < 0.05).
The AUCs of ArecPP and ArespSV were not different.

In a multivariate logistic regression analysis, ArecSV was found
to be the only factor significantly associated with fluid
responsiveness (odds ratio=1.5 [95%CI: 1.13-2.1], P < 0.0001).

4. Discussion

Our present results demonstrate that the SV changes induced by
an RM (ArecSV) predict fluid responsiveness in patients receiving
protective ventilation during surgery. A ArecSV more than 16%
during RM predicted fluid responsiveness and had a narrow gray
zone (between 15% and 17%). The ArecPP and ArespSV were
also predictive of fluid responsiveness in patients with protective
ventilation. In contrast, ArespPP was not predictive of fluid
responsiveness in this setting.

To understand the impact of the RM on the cardiovascular
system, several physiological aspects must be taken into account.
Firstly, none of our patients had pulmonary disease. The mean
static pulmonary compliance in our population was in the normal
range (47+16mL ecmH,O™!), and so an increase in intra-
pulmonary pressure would have been transmitted to the adjacent
compartments. Since patients with right ventricular dysfunction
or lung disease were excluded from the study, one can assume
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Figure 2. Receiver operating characteristic curves for the SV variation during an recruitment maneuvers (ArecSV: 0.95 [95%Cl: 0.91 to 0.99], P < 0.0001) (A), the
pulse pressure variation during an recruitment maneuvers (ArecPP: 0.81 [95%ClI: 0.7-0.91], P <0.0001) (B), the respiratory variation in stroke volume (ArespSV:
0.80[95%Cl: 0.7-0.94], P=0.01) (C), and the respiratory variation in pulse pressure (ArespPP: 0.65 [95%Cl:0.51-0.77], P=0.07) (D), with a view to discriminating

between fluid expansion responders and nonresponders.

that right ventricular function in our study population was
normal. Secondly, the increase in intrathoracic pressure caused
by continuous PEEP acts on the right ventricle in 2 ways.[18-21!
Firstly, this increase is transmitted to abdominal compartment,
which increases resistance to venous return due to collapse of the
vena cava and the hepatosplanchnic venous circulation.'$1°!
However, PEEP increases the right ventricle afterload (resulting
from the increase in pulmonary vascular resistance) and right
ventricle ejectional impedance.*”! These effects on right
ventricular preload and afterload are particularly large when
the preload is low.'%2!]

All the patients in our study displayed a significant decrease in
SV during the RM. SV changes during the RM were higher in
responders because the latter were preload dependent. In other
words, the hemodynamic effects of the RM on the right ventricle
depend on preload status, which was reflected by large changes in
SV and arterial blood pressure. This has been observed in earlier
studies and may explain the RM’s excellent predictive value as a
preload dynamic test.!"®22! The ArecPP has good predictive
value, due to the lesser impact of the increase in intrathoracic and
pleural pressures on the arterial vascular compartment, and the
dependence between SV and PP. Nevertheless, the broad gray
zone may limit the use of ArecPP at the bedside.

In 20035, De Backer et al initiated a debate on the relevance of
dynamic preload indices when patients were ventilated with low
TVs (less than 8 mLkg™").18! This topic is still subject to debate,
with the publication of contradictory finding.?>** It is
important to take account of the characteristics of the study

population (eg, normal vs altered lung compliance), the study
setting (operating theater vs intensive care unit) and the monitor
used to track CO or SV changes (calibrated vs noncalibrated
pulse wave contour analysis, EDM, echocardiography, etc).!*!
As mentioned earlier, the magnitude of the pulmonary
transmission index submit to the conditions of the effect of
intrathoracic pressure on the preloads and afterloads of the right
and left ventricles.!*®! This suggests that respiratory variations are
related to preload dependency—even at low TVs. As the TV
decreases, so do respiratory variations in SV and PP; this may
reduce the sensitivity and the cut-offs associated with these
indices.*”! As mentioned in the literature, the analysis of SV and
its changes must take account of the measurement site (the
descending thoracic aorta, radial artery or femoral artery) and the
measurement device.>>2”! It is likely that measurements at a
distal artery (such as the radial artery) have a greater signal/noise
ratio due to the damping of the signal along the vascular tree and
the low respiratory variations (due to the decrease in TV). This
reduces the index’s ability to discriminate between fluid
responders and non-responders *8! and may explain in part
why ArespSV (measured with EDM at the descending thoracic
aorta) was predictive of fluid responsiveness but ArespPP
(measured at the radial artery) was not.

This study had several limitations. Our institution’s choice of
RM can be debated. In the past, we have found that high
intrathoracic pressures have harmful effects on patients without
lung disease. Several studies have demonstrated that lower levels
of PEEP still provide satisfactory levels of arterial oxygenation,
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with better hemodynamic tolerance."®**! Thus, the level and
duration of the positive intrathoracic pressure were chosen to
optimize the benefit-risk balance (ie, the balance between
alveolar recruitment and potentially harmful hemodynamic
effects) in disease-free patients. A recent review by Giildner and
colleagues reported great heterogeneity in the RMs and
protective ventilation modes used in the operating theatre,
and did not provide specific recommendations on RMs.?’!
Hence, the use of ArecSV at the bedside during hemodynamic
optimization can be considered. Even though this parameter
was most predictive, it should be used as an adjunct to other
parameters of preload dependency (respiratory variables, and
SV changes during fluid challenge). Given that repeated RMs
can have harmful hemodynamic effects, the use of this approach
should be avoided in hemodynamically unstable patients. At the
bedside, preload dependency should be assessed as part of a
multimodal approach based on a clinical examination,
hemodynamic parameters, dynamic preload indices, and the
SV change during fluid challenge. This approach may increase
the accuracy of diagnosis of preload dependency, especially
when the preload indices are in the gray zone. Given that we
excluded patients with cardiac arrhythmia, right ventricular
failure, spontaneous ventilation, and altered lung compliance,
our present results cannot be extrapolated to other patient
profiles. Furthermore, the CardioQ EDM system does not
measure the aortic diameter, and CO is estimated from the
aortic blood flow velocity-time integral. This bias has been
discussed in the literature, and a number of studies have
demonstrated that ArespSV can still be predicted in the absence
of an aortic diameter measurement."*'3! Lastly, one must
consider the impact of possible EDM probe displacement during
the RM on the measurement of SV. To avoid artifacts related to
failure to identify the beginning and end of aortic flow with each
ventricular beat, we ensured that laminar flow was present by
using a narrow frequency range (ie, a blunt velocity profile) At
the bedside, we did not observe any significant changes of the
envelope of aortic flow signal during RM. This type of change
would have worsened the predictive value of ArecSV because of
false positives. Since ArecSV was of value in predicting fluid
responsiveness, we believe that the putative impact of RMs on
displacement of the EDM probe was marginal.

5. Conclusion

During abdominal surgery with protective ventilation (ie, with
PEEP, RMs, and a low TV), ArecSV was strongly predictive of
fluid responsiveness and had a narrow gray zone. ArecPP and
ArespSV were weakly predictive of fluid responsiveness, and
ArespPP was not predictive.

Acknowledgments

We thank Momar Diouf (Centre de Recherche Clinique, Amiens
University Medical Center, France) for assistance with statistical
analyses.

References

[1] Hamilton MA, Cecconi M, Rhodes A. A systematic review and meta-
analysis on the use of preemptive hemodynamic intervention to improve
postoperative outcomes in moderate and high-risk surgical patients.
Anesth Analg 2011;112:1392-402.

[2] Feldheiser A, Aziz O, Baldini G, et al. Enhanced Recovery After Surgery
(ERAS) for gastrointestinal surgery, part 2: consensus statement for
anaesthesia practice. Acta Anaesthesiol Scand 2016;60:289-334.

Medicine

[3] Perel A, Pizov R, Cotev S. Respiratory variations in the arterial pressure
during mechanical ventilation reflect volume status and fluid responsive-
ness. Intensive Care Med 2014;40:798-807.

[4] Guerin L, Monnet X, Teboul JL. Monitoring volume and fluid
responsiveness: from static to dynamic indicators. Best Pract Res Clin
Anaesthesiol 2013;27:177-85.

[5] Futier E, Godet T, Millot A, et al. Mechanical ventilation in abdominal
surgery. Ann Fr Anesth Reanim 2014;33:472-5.

[6] Severgnini P, Selmo G, Lanza C, et al. Protective mechanical ventilation
during general anesthesia for open abdominal surgery improves
postoperative pulmonary function. Anesthesiology 2013;118:1307-21.

[7] Futier E, Constantin J-M, Paugam-Burtz C, et al. A trial of intraoperative
low-tidal-volume ventilation in abdominal surgery. N Engl ] Med
2013;369:428-37.

[8] De Backer D, Heenen S, Piagnerelli M, et al. Pulse pressure variations to
predict fluid responsiveness: influence of tidal volume. Intensive Care
Med 2005;31:517-23.

[9] Guinot PG, Godart J, de Broca B, et al. End-expiratory occlusion
manoeuvre does not accurately predict fluid responsiveness in the
operating theatre. Br J Anaesth 2014;112:1050-4.

[10] Grasso S, Mascia L, Del Turco M, et al. Effects of recruiting maneuvers in
patients with acute respiratory distress syndrome ventilated with
protective ventilatory strategy. Anesthesiology 2002;96:795-802.

[11] Wilkman E, Kuitunen A, Pettili V, et al. Fluid responsiveness predicted
by elevation of PEEP in patients with septic shock. Acta Anaesthesiol
Scand 2014;58:27-35.

[12] von Elm E, Altman DG, Egger M, et al. Vandenbroucke JP;
Strengthening the Reporting of Observational Studies in Epidemiology
(STROBE) statement: guidelines for reporting observational studies.
BM]J 2007;335:806-8.

[13] Guinot P-G, Broca B de, Arab OA, et al. Ability of stroke volume
variation measured by oesophageal Doppler monitoring to predict fluid
responsiveness during surgery. Br J Anaesth 2013;110:28-33.

[14] Mahjoub Y, Lorne E, Micaux Y, et al. Accuracy of automated
continuous calculation of pulse pressure variation in critically ill patients.
Intensive Care Med 2010;37:360-1.

[15] Guinot PG, Urbina B, de Broca B, et al. Predictability of the respiratory
variation of stroke volume varies according to the definition of fluid
responsiveness. Br | Anaesth 2014;112:580-1.

[16] DeLong ER, DeLong MD, Clarke-Pearson DL. Comparing the areas
under two or more correlated receiver operating characteristic curves: a
nonparametric approach. Biometrics 1998;44:837-435.

[17] Cannesson M, Le Manach Y, Hofer CK, et al. Assessing the
diagnostic accuracy of pulse pressure variations for the Prediction of
Fluid Responsiveness: a “gray zone” approach. Anesthesiology
2011;115:231-41.

[18] Nielsen J, Ostergaard M, Kjaergaard J, et al. Lung recruitment maneuver
depresses central hemodynamics in patients following cardiac surgery.
Intensive Care Med 2005;31:1189-94.

[19] Vieillard-Baron A, Loubieres Y, Schmitt JM, et al. Cyclic changes in right
ventricular output impedance during mechanical ventilation. J Appl
Physiol 1999;87:1644-50.

[20] Jardin F, Farcot JC, Boisante L, et al. Influence of positive end-expiratory
pressure on left ventricular performance. N Engl ] Med
1981;304:387-92.

[21] Fougeres E, Teboul JL, Richard C, et al. Hemodynamic impact of a
positive end-expiratory pressure setting in acute respiratory distress
syndrome: importance of the volume status. Crit Care Med
2010;38:802-7.

[22] Celebi S, Kéner O, Menda F, et al. The pulmonary and hemodynamic
effects of two different recruitment maneuvers after cardiac surgery.
Anesth Analg 2007;104:384-90.

[23] Freitas FGR, Bafi AT, Nascente APM, et al. Predictive value of pulse
pressure variation for fluid responsiveness in septic patients using lung-
protective ventilation strategies. Br ] Anaesth 2013;110:402-8.

[24] Huang CC, Fu JY, Hu HC, et al. Prediction of fluid responsiveness in
acute respiratory distress syndrome patients ventilated with low tidal
volume and high positive end-expiratory pressure. Crit Care Med
2008;36:2810-6.

[25] Feldheiser A, Hunsicker O, Krebbel H, et al. Oesophageal Doppler and
calibrated pulse contour analysis are not interchangeable within a goal-
directed haemodynamic algorithm in major gynaecological surgery. Br |
Anaesth 2014;113:822-31.

[26] Lansdorp B, Hothuizen C, van Lavieren M, et al. Mechanical ventilation-
induced intrathoracic pressure distribution and heart-lung interactions*.
Crit Care Med 2014;42:1983-90.



De Broca et al. Medicine (2016) 95:28 www.md-journal.com

[27] Singer M, Allen MJ, Webb AR, et al. Effects of alterations in left [29] Giildner A, Kiss T, Serpa Neto A, et al. Intraoperative protective

ventricular filling, contractility, and systemic vascular resistance on the mechanical ventilation for prevention of postoperative pulmonary

ascending aortic blood velocity waveform of normal subjects. Crit Care complications: a comprehensive review of the role of tidal volume,

Med 1991;19:1138-45. positive end-expiratory pressure, and lung recruitment maneuvers.
[28] Guinot PG, de Broca B, Bernard E, et al. Respiratory stroke volume Anesthesiology 2015;123:692-713.

variation assessed by oesophageal Doppler monitoring predicts fluid
responsiveness during laparoscopy. Br | Anaesth 2014;112:660—-4.


http://www.md-journal.com

	Stroke volume changes induced by a recruitment maneuver predict fluid responsiveness in patients with protective ventilation in the operating theater
	1 Introduction
	2 Methods
	2.1 Ethics
	2.2 Patients
	2.3 Anesthesia
	2.4 Esophageal Doppler monitoring
	2.5 The recruitment maneuver
	2.6 Data collection
	2.7 Study protocol
	2.8 Statistics

	3 Result
	4 Discussion
	5 Conclusion
	Acknowledgments
	References


