creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86tH AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Mok ELICH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aele 212 WS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

G G EE

Effect of Ventilatory Parameters on
the Measurement of Arterial
pressure-derived Stroke Volume
Variation in Mechanically Ventilated
Surgical Patients

AARS 3 & 5 BAANH ABEF]
P EES L DR IS ST SRIEE L
A3E 9%

20233 2¢

Aedsta sre
g4} AHAFFYFAT
o F Y



Effect of Ventilatory Parameters on
the Measurement of Arterial
pressure-derived Stroke Volume
Variation in Mechanically Ventilated
Surgical Patients
Axms H A ¢

o] =B A FYERoZ &Y
20224 10€

Aetistm tetg
g3} A5 F AT
o F Y

5o 44 FYEES AZY

20239 1€
A 9 #F (<)
249 F (<)

L
rj\g
=




Ao oA ALEHE ¥H Re 3UH E B Fefe Yoz
gl e 5 A AHE s, A a¥Y F&4% ARE L
A Je d3)utE o] (stroke volume variation, SVV)e] &8 7}X]7}
wolx 3 9t} o= AT T A oA JAFEEy] uislEse W
sh7b d3jutE ol FFS Foll Wt siF FAE FX AT 7

i m' N
AJ)
M 1H

o 1x
=
)
QO
-
=}
X
(o)
Q.
®
=
(o)
o
Q
5
o,
<
»n
[e)
@X
o
>,
Og{::‘
of
ok
4%
0
e

s 5
ZFFHol7 3 F7It (peak inspiratory pressure), S7|W <F
(positive end-expiratory pressure), S AT & L3I TFF (tidal
volume per kg of predicted body weight), <% (lung compliance)
of e 1BAY SHPHTY FFS WS BT = L3 =T
(stroke volume)°o] W&k W2 dHEFHOH, o] axE Hddstr] ¢

3 Yo H =4 (random intercept model)©] | €= AT},

A FES e 6942 SAZHE 1487327019 data pointsE

=]
5 AU
e 243 A 24" EE JdF3EFY] AN

= YEHL



¥

2 YUest yoprh 43

e

;OU
£

il

oju
Hlo

2!

)6]'

s
)

# &

o, 4g, gae &

-

: APEREARY, dIEFH,

F989
ol 7] A 4

: 2020-26482

3 W

........



Contents

1. INTrOAUCHON ..cceeeeecnnnnnnnneeecescsccccnnssssssssssssssosnns
2. MeEtROAS ...ccccoeurerneneeecccccccensessssssssasssssssssssasssnes

2.1 Case selection

2.2 Anesthesia

2.3 Data collection
2.4 Statistical analysis

G TN L U=T-11 1 L - SRR
4. DISCUSSION .cueeeeeeeeeeeeeeeesesesesesssesessssssssssssssssssssse

ReEfEIeNCES overererereeeseacacssssssssssssasssssssssssssssssssssssasas

TADLE T aoeeeeeeeerrrieeeecccccnnnnsssssssssscssnsssssssssssssssssssssse
TADLE 2 aaeeeeeeeererreeeccscccnnsessssssesescsssnssssssssssssssssssssnse
TADLE 3 aaeeeeeeeereeieiencscccnnssssssssnssssssssssssssssssssssssssssnse

ADSETACE ooeeeeeeeeeeeeneneneneeeasssssssssssssssssssssssssssssssssssssss



1. Introduction

Changes in arterial pressure contours according to the respiratory
cycle in mechanically ventilated patients are measured as systolic
pressure variation (SPV), pulse pressure variation (PPV), and stroke
volume variation (SVV). These parameters are useful dynamic indices
of cardiac preload. SPV >10%, PPV >13%, and SVV >10% have
been used as objective and sensitive indicators of volume responder.’ *
These dynamic indices are useful in guiding goal-directed therapy to

reduce complications from unnecessary fluid administration and

improve the patient's prognosis.’

However, it is questionable whether the criteria values of dynamic
indices presented in the past are still accurate today. It is known that
the SVV is properly measured when a tidal volume (TV) of at least
8 mL kg' is applied, but the current lung protective ventilatory
strategy in operating rooms adopts a TV of <6 mL kg”',’ ® resulting
in small changes in intrathoracic pressure and consequently reduced
SVV values.” " Furthermore, since laparoscopic surgery is widely
practiced, varying intraabdominal pressure and operative position cause

dynamic changes in intrathoracic pressure, airway compliance, and

cardiac preload, making interpretation of the SVV more difficult.

We hypothesized that if the effects of dynamic ventilatory
parameters on SVV could be quantitatively assessed, the SVV value
would be interpreted more appropriately by observing changes in
ventilatory parameters during surgery. Therefore, the primary goal of

this study was to investigate the relationship between dynamic



ventilatory parameters and SVV using linear mixed effects analysis.

z s 4 2Ty 8



2. Methods

2.1 Case selection

Data were retrieved from the data registry that collects
intraoperative monitoring data of surgical patients in our institution.
The registry was approved by our institutional review board
(H-1408-101-605) and registered on a clinical trial registration site
(ClinicalTrial.gov, NCT02914444). The retrospective use of registry
data for the current study was approved by the institutional review
board (H-1702-008-828). Data collection was performed in accordance
with relevant guidelines and regulations of the committee. The need
for written informed consent was waived owing to anonymity of the
data. Adult patients who underwent non-cardiac surgeries under arterial
pressure-derived cardiac output (APCO) monitoring between June 2016
and December 2016 were enrolled. Paediatric patients (age <18 years),
one-lung ventilation cases were excluded from the study. Patients with
preoperative atrial fibrillation which limits analysis of SVV were

excluded because APCO monitoring was not applied to all of them.

Types of surgery included biliary/pancreas surgery, breast surgery,
colorectal surgery, gastric surgery, hepatic surgery, transplantation,

thyroid surgery, and vascular surgery.

2.2 Anesthesia

Patients arrived at the operating room without premedication.

Electrocardiogram, pulse oximetry, and non-invasive blood pressure



monitors were applied to the patients. During the study period,
volatile anesthesia or total intravenous anesthesia with target-controlled
infusion was randomly conducted. Propofol 1-1.5 mg kg' and
fentanyl 50-100 mcg were administered for anesthesia induction in
volatile anesthesia. Anesthesia induction in total intravenous anesthesia
was conducted with target effect-site concentrations of propofol and
remifentanil at 3.5-4.5 mcg mL"' and 4-6 ng mL", respectively. After
loss of consciousness, rocuronium 0.9-1.2 mg kg'was administered
and the trachea was intubated. Tube sizes with internal diameters of
7.5 mm and 7.0 mm were uniformly applied to male and female
patients, respectively. Mechanical ventilation was initiated with a TV
of 6 mL per kg of predicted body weight and a respiratory rate of
13 min™, then adjusted according to the surgical process and patient’s
status. Application of positive end-expiratory pressure (PEEP) was at
the anesthesiologist’s discretion during surgery, but an inspiratory
pause of 10%, the default setting of the anesthesia machine, was
uniformly applied. Anesthesia was maintained with sevoflurane or
desflurane in air, or propofol and remifentanil infusions. Intermittent
bolus of rocuronium was administered to maintain muscle relaxation.
The radial artery was cannulated with 20 G intravenous catheter after
induction of anesthesia. The arterial catheter was connected to the
APCO monitor (EV1000™clinical platform, Edwards Lifesciences,
Irvine, CA, USA) to continuously measure SVV throughout the
operation. The arterial catheter was removed in the postanesthesia care

unit.



2.3 Data collection

Age, sex, weight, height, operation name, and anesthesia duration
were retrieved from the registry data. Vital signs data in the registry
were recorded from the data communication ports of patient monitor
(Solar™8000 with Tram module, GE healthcare, Wauwatosa, WI,
USA), anesthesia machine (Primus®, Drigerwerk AG & Co. KGaA,
Liibeck, Germany), and APCO monitor using the Vital Recorder
program, a free tool for recording of high-resolution time-synchronized
physiologic data from multiple anesthesia devices (available from the

website, https://vitaldb.net'’; accessed April 23, 2017). Among the

recorded data, the following parameters were retrieved for analysis:
heart rate, respiratory rate, set inspiratory TV, peak inspiratory
pressure (Ppeak), positive end-expiratory pressure (PEEP), airway

compliance, stroke volume (SV), and SVV.

Data from patient monitor and anesthesia machine were originally
recorded at 2-second intervals; however, data collected every 60
seconds were used to match the wupdate interval of SVV
measurements. After visual data inspection and outlier analysis, the
following data were considered invalid and excluded from the
analysis: unusual values such as Ppeak = 0 cmH,O or >40 cmH,O,
Pplat = 0 cmH,O or >40 cmH,0, and SVV >40%; and heart rate to
respiratory rate ratio <3.6, which is known as a significant confounder
of SVV measurements.'’ After removing invalid data points, a case
with less than 30 data points was additionally excluded from the

analysis.



2.4 Statistical analysis

Linear mixed effects analyses were performed using the modeling
dataset to determine the relationship between ventilatory parameters
and SVV. The fixed effect variables included age, sex, weight, BMI,
ventilatory parameters, and SV. The ventilatory parameters included
pressure (Ppeak, and PEEP), volume (TV per kg of predicted body
weight), and compliance variables. The SV was also a presumed fixed
effect variable because it is a surrogate indicator of left ventricular
preload as well as cardiac contractility, and is known to be closely
related to the SVV.'” Since we assumed that the SVV has varying
baseline values among individuals, a random intercept model was
chosen to describe the random effect. The SVV was a dependent
outcome of the mixed effects model. The mixed effect modeling was
sequentially conducted as univariable and multivariable analyses. First,
univariable models with age, sex, weight, BMI, SV or one of the
ventilatory parameters as a sole fixed effect variable were tested.
Multivariable modeling was then conducted using SV and one of the
four ventilatory parameters as fixed effect variables to evaluate the
predictive power of the ventilatory parameter after adjusting the SV
and random effects. The mixed effects models were fitted using the
maximum likelilhood method. The predictive power of model was
expressed as the marginal R” the percentage of the response variable
variation that is explained by the fixed effect or population prediction
model, and the conditional R? the coefficient of determination of the

mixed effects or individual prediction model."

Statistical analysis was performed using MedCalc (versionl7.0,



MedCalc Software bvba, Mariakerke, Belgium). The linear mixed
effects analysis was performed using R program (version 3.3.2, The R
foundation) with Ime4 version 1.1-12 and piecewiseSEM version 1.2.1

packages. A P-value <0.05 was considered significant.



3. Results

A total of 6338 cases in our data registry were screened. The
enrolment and exclusion are described in Fig.1. The final analysis
included 694 cases with 148,732 data points. The characteristics of
the subjects are summarized in Table 1. The distribution of each
ventilatory parameter and the distribution of stroke volume variation in
the specific value of ventilatory parameters are shown as
box-and-whisker diagram in Fig. 2.

The use of mixed effects modeling was proved to be appropriate
since random effects were substantial and measurable in all tested
univariable and multivariable models. In the univariable analyses, age,
sex, weight and BMI were not significant (Table 2). The ventilatory
parameters were significant but their small marginal R? values
suggested that they are weak predictors of the SVV in the general
population. The SV showed the largest R* value among univariable
parameters, and had a slope estimate of -0.1, which means that every
mL change of the SV negatively affects the SVV change by 0.1% as
SVV.

In the multivariable analyses, all ventilatory parameters remained
significant after adjusting for the effect of SV (Table 3). Pressure
parameter (Ppeak) showed the largest marginal R? (0.08), suggesting
that the SVV change during surgery can be best predicted by Ppeak
in the general population, after adjusting for SV values. The
conditional R* value of the Ppeak models was 0.76, suggesting that
the predictive power of these models can be enhanced within

individuals by calculating individual baseline SVV and adjusting the



individual intercept of the regression equation.

To schematically illustrate the effect of ventilatory parameters on
SVV after adjusting for SV, data were divided according to low (<60
mL), normal (60-100 mL), and high (>100 mL) SV -categories, and
linear regression plots were drawn within each SV category (Fig. 3).
The regression plots of the ventilatory parameters showed significant

slopes when adjusted for the SV values.



4. Discussion

Contrary to the previous studies, this study extensively and
quantitatively assessed the effect of dynamic ventilatory parameters
during surgery on SVV using a large intraoperative dataset. We
confirmed that ventilatory parameters affect SVV after adjusting for
SV. The most powerful predictors of SVV change were pressure
parameters such as Ppeak, which increased the SVV value by 0.3 per

1 ¢cmH,O increase.

The operating room setting is generally known to be ideal for
accurate measurements of the dynamic preload indices compared with
the intensive care unit (ICU) environment.” However, the lung
protective ventilatory strategy that is widely used to enhance outcomes
of intermediate- and high-risk surgical patients has made the dynamic
indices less valuable due to misreading of SVV and PPV.® Lansdorp
and colleagues'® reported that SPV, PPV, and SVV are less predictive
in routine cardiac surgery due to frequent low TV and cardiac
arrhythmia, and the diversity of calculation methods. Many review
studies have also referred to various confounding factors affecting
SVV values as limitations of SVV use.! * 7 ! These factors include

— — . 0 23 30 31
T\]’14 16-23 SV,lz 20 21 24 Ppeak,25 26 PEEP,27 29 comphance,lS 2

10 24 32 33

heart rate to respiratory rate ratio, surgical position, pleural
pressure,”* arrhythmia,'* and increased pulmonary artery pressure.’
However, these previous studies only identified the presence of

various confounding factors that affect SVV. The current study was

10



successful in extensively and quantitatively evaluating the effect of

dynamic ventilatory parameters during surgery on SVV.

In the current study, SV was considered to be a significant
confounding factor because an inversely semi-logarithmic relationship
between SV and SVV was identified in a recent arithmetical
analysis.'”” A negative relationship between blood pressure and SVV
was also observed in cardiac surgery patients.”’ Our study assumed a
linear relationship between the two parameters because simple linear
curves fitted better than semi-log curves in our explorative analysis.
We speculate that this is because most of our measurements were on
the inclining portion rather than on the plateau of the Frank-Starling
curve. In the mixed effects model, SV is a highly explanatory
parameter that can account for as much as 30% of the SVV value,
suggesting that the effect of ventilatory parameters on SVV changes

can be properly evaluated only after adjusting for the SV value.

Since the widespread use of lung protective ventilation, the TV has
been the most studied parameter for its effect on SVV. In animal'® **
and clinical'’ " experiments, SVV was positively correlated with TV.
Studies have found that lung protective ventilation reduced the
diagnostic power of PPV and SVV in predicting volume
responsiveness in ICU patients™ and one-lung ventilated surgical
patients.”® Dynamic indices were reliable only when the TV was
larger than 8 mL per body weight.'"® The positive linear relationship
between TV and SVV is evident by the slope estimate of 0.4 in the
current study. However, since the range of TV used in routine clinical

practice is not as wide as in the designed experimental environment,

11



the effect of various TV on SVV is the smallest among our tested
ventilatory parameters: the SVV in lung protective ventilation can be
generally interpreted as approximately 1% lower SVV than the SVV
in conventional ventilation. On the other hand, a decrease in TV
results in an increase in respiratory rate for maintaining normocarbia.
In order to measure the SVV correctly, the respiratory rate must be
greater than 5,** however, the heart rate to respiratory rate ratio

should be more than 3.6 at the same time.’’

Several studies regarding the effect of compliance on the SVV
have been performed in the acute respiratory distress syndrome and
acute lung injury settings."” *° *' In general, we cannot rule out fluid
responsiveness even with reduced SVV in the situation of reduced
pulmonary compliance combined with low TV. However, compliance
changes in surgical patients are mainly caused by extra-pulmonary
causes such as  surgical positioning and  application  of
pneumoperitoneum. In animal experiments, applying chest and
abdominal binders®® and inducing intra-abdominal hypertension®'
resulted in a significant increase in SVV with increasing TV.
Similarly, our study results showed a significant negative relationship
between compliance and SVV during surgery. However, despite the
large predictive power over other ventilatory parameters, the
compliance parameter is less practical because several parameters,
including Ppeak, PEEP, and TV, need to be measured for calculation

of compliance.

Pressure parameters have not been extensively investigated

compared with volume and compliance parameters. The sole effect of

12



PEEP has been tested in mechanically ventilated ICU patients,”
demonstrating that the SVV linearly increases with increasing PEEP in
volume responders, irrespective of the amount of TV. In current study,
such a linear relationship between PEEP and SVV was shown but
very weak because cases were not confined to volume responders, and
the PEEP level was negligible in our daily practice. The positive
relationship  between Ppeak and SVV has been previously
demonstrated in an animal experiment’® and paediatric patients.”> The
Pplat has been tested in combination with PEEP as an driving
pressure (Pplat-PEEP), which can adjust the PPV threshold values in
volume responders.” ** The current study identified that the Ppeak is
the most reliable ventilatory predictors of the SVV in surgical patients
possibly due to their direct effect on pulmonary -capillaries. Thses
findings suggest that Ppeak may be the most useful ventilatory
predictor because it has the greatest predictive power and can be

easily assessed from most anesthesia machines.

There are several limitations of the current study. First, time-series
data of volume status, fluid administration, and bleeding, which are
important factors affecting SVV, were not included in the fixed effect
variables, owing to the limitations of retrospective data collection.
However, the effects of these factors were considered to be included
in the SV parameter and random effects, making the ventilatory
parameter significant and consistent. Second, the actual threshold of
SVV after controlling the ventilatory parameter cannot be defined in
the current study. The identification of threshold values in lung
protective ventilation in combination with various surgical settings

requires prospective trials. Third, the predictive power of the models

13



was small in the fixed effect/general population model. Using
categorical variables or involving hypovolemic patients only may have
increased the explanatory power of the model as in the previous
studies. However, the study is meaningful in that it showed a
quantitative association between dynamic ventilatory parameters and

SVV during surgery.

In conclusion, the change in SVV during surgery is linearly
proportional to the changes in ventilatory parameters; the SVV has a
positive relationship with pressure and volume parameters, and a
negative relationship with compliance. However, the effects of
ventilatory parameters change on SVV look limited because prediction
power of the sole parameter on SVV was weak. In addition,
prospective trials that evaluate the SVV threshold may be required in

association with ventilatory parameter changes during surgery.
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Table 1. Characteristics of subjects (n = 694)

Variable

Number of data points

Age

Sex (male/female)

Height (cm)

Weight (kg)

Predicted body weight (kg)
Body mass index (kg m?)
Heart rate (min’")

Respiratory rate (min™)

Set tidal volume (mL)

Peak inspiratory pressure (cmH>O)
Positive end-expiratory pressure

(cmH,0)
Compliance (mL c¢cmH,0™")
Tidal volume per kg of predicted

body weight (mL kg")

208 [123-298]
60 [51-69]
430/264
163.9 [157.9-169.8]
60.85 [53.25-68.75]
59.4 [51.1-65.7]
22.8 [20.5-25.0]
74 [65-85]

13 [15-16]
400 [350-440]
14 [12-18]

0 [0-0]
33 [27-40]

6.6 [6.2-7.3]

Data are expressed as median [interquartile range(IQR)]



Table 2. Univariable linear mixed effects models to predict stroke volume variation during surgery (n =

694, n of measurement = 148,732)

Fixed effects Random effects . ..
- Marginal ~ Conditional
Model Slope Intercept Intercept Residual
2 2
Estimate SE P-value Estimate SE SD SD R R
Age (years) 0.0 0.0 0.807 10.0 0.6 3.6 4.0 0.00 0.45
Sex (male) 0.4 0.3 0.184 10.0 0.2 3.6 4.0 0.00 0.45
Weight (kg) 0.0 0.0 0.118 9.1 0.7 3.6 4.0 0.00 0.45
BMI(kg rn'z) 0.1 0.0 0.142 8.9 0.9 3.6 4.0 0.00 0.45
SV (mL) -0.1 0.0 <0.001 20.3 0.2 3.8 3.5 0.30 0.68
Ppeak (cmH,0) 0.5 0.0 <0.001 3.0 0.1 3.5 3.8 0.15 0.53
PEEP (cmH,0) 0.2 0.0 <0.001 10.0 0.1 3.6 4.0 0.01 0.45
Compliance
-0.2 0.0 <0.001 16.5 0.1 3.5 3.9 0.11 0.52
(mL cmHQO'l)
TV per kg of
0.5 0.0 <0.001 6.8 0.3 3.6 4.0 0.01 0.45
PBW (mL kg

Abbreviations: BMI = body mass index, SV = stroke volume, PEEP = positive end-expiratory pressure, Ppeak = peak
inspiratory pressure, TV = tidal volume, PBW = predicted body weight, SE = standard error, SD= standard deviation

16 I = "



Table 3. Nested linear mixed effect models to predict stroke volume variation during surgery (n = 694, n of

measurement = 148,732, n of stroke volume measurement by subject = 28,515)

Fixed effects Random effects . ..
- - Marginal Conditional
Model Slope Intercept SV Subject  Residual

2 2

Estimate SE P-value Estimate SE SD SD SD R R

Ppeak (cmH,0) 0.3 0.0 <0.001 5.0 0.1 33 3.2 2.8 0.08 0.76

PEEP (cmH,0) 0.1 0.0 <0.001 10.1 0.1 35 34 2.8 0.00 0.76

Compliance

-0.2 0.0 <0.001 15.1 0.1 33 33 2.8 0.06 0.76
(mL cmH,0™)
TV per kg of

0.4 0.0 <0.001 7.6 0.2 3.5 33 2.8 0.00 0.74
PBW (mL kg

Abbreviations: SV = stroke volume, SE = standard error, SD= standard deviation, Ppeak = peak inspiratory pressure,

PEEP = positive end-expiratory pressure, TV = tidal volume, PBW = predicted body weight
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Figure 1. Flow diagram

VitalDB data registry (n = 6,388)

m— No APCO used (n = 5,441)

Assessed for eligibility (n = 947)

— Age <18 years old (n = 16)

— - One-lung ventilation (n = 227)

Data points evaluation (n = 704)

—=| |nadequate data points (n = 10)

Enroled to study
(n =694, 148,732 data points)

Abbreviations: APCO = arterial pressure-derived cardiac output
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Figure 2. Distribution of ventilatory parameters (horizontal boxes) and
SVv
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Figure 3. Effect of ventilatory parameters on stroke volume variation after

adjusting for stroke volume

40 40 -9~ Low stroke volume
B Nomnal stroke volume
-5~ High stroke volume

Stroke volume variation (%)

Stroke volume variation (%)
- ™
S 3
S,

o 2 4 6 8 10
Positive end-expiratory pressure (cmH,0)

40

Stroke volume variation (%)
Stroke volume variation (%)

0 20 40 60 20 100 4 [ 8 10 12
Airway compliance (mL cmH,O") Tidal volume per predicted body weight (mL kg™')

Scatter plots are drawn after controlling individual random effects. Linear
regression plots between stroke volume variation and ventilatory parameter
are illustrated according to the stroke volume values such as low (<60 mL),
normal (60-100 mL), and high (>100 mL) stroke volume categories. The
regression plots of the ventilatory parameters show significant slopes except

for those of the positive end-expiratory pressure.
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Abstract
Effect of Ventilatory Parameters on

the Measurement of Arterial
pressure-derived Stroke Volume
Variation in Mechanically Ventilated
Surgical Patients

Dong Nyeok Park
Department of Anesthesiology and Pain Medicine
The Graduate School

Seoul National University

Background: Stroke volume variation (SVV), a wuseful guide of fluid
administration, has become less valuable in recent surgery because lung
protective ventilation and surgical positioning result in substantial changes in
ventilatory parameters and misreading of SVV values. The aim of this study
was to quantitatively assess the effect of dynamic ventilatory parameters

during surgery on SVV.

Methods: Intraoperative data of non-cardiac surgical patients were
retrospectively collected. Linear mixed effects analyses were performed using

a modeling dataset. SVV was a dependent outcome and independent fixed

28



effect variables included peak inspiratory pressure, positive end-expiratory
pressure, tidal volume per kg of predicted body weight, and airway
compliance. Stroke volume was considered a confounding factor. A random
intercept model was chosen to describe the random effect. The final models

were externally validated using a validation dataset.

Results: Analysis included 694 non-cardiac patients with 148,732 data points.
All ventilatory parameters were significantly correlated with SVV after
adjusting for stroke volume (P <0.001). The peak inspiratory pressure
showed the largest predictive power (marginal R?=0.08 and conditional
R?=0.76).

Conclusion: Change in SVV during surgery is linearly proportional to the
changes in ventilatory parameters. The effects of ventilatory parameters
change on SVV looks limited because the predictive ability of the sole
parameter on SVV was weak. In addition, prospective trials that evaluate the
SVV threshold may be required in association with ventilatory parameter

changes during surgery.

keywords : Linear mixed effects analysis, Stroke volume variation,
Surgery, Ventilatory parameters.
Student Number : 2020-26482
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