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Background. The aim of the study was to identify the accuracy of
and agreement between two non-invasive haemodynamic moni-
toring techniques in the perioperative setting — thoracic electrical
bioimpedance (TEB) and Edwards Lifesciences ClearSight system
(CS).

Materials and methods. The study included ten patients. Para-
metric quantitative data were expressed as mean + SD. The Shapiro-
Wilk test was used to test the normality of the distributions. A line-
ar regression model was used to measure the strength of the linear
relationship between TEB and CS. Bland-Altman analysis was per-
formed to assess the mean difference, precision, and the limits of
agreements (LOA). The Critchley and Critchley method was used to
calculate the percentage error (PE), and if <30%, it was considered
clinically acceptable.

Results. Ten patients were involved in our study. The mean cardi-
acoutput (CO) with TEBwas 6.15+ 1.14 L/min vs. 4.78 + 1.40 L/min
with CS (p < 0.01). The relationship was significant (n = 144; r*=0.7;
p < 0.01). The mean bias, LOA, and PE were 1.37 + 1.01 L/min,
3.35 L/min and -0.61 L/min and 36.22%, respectively. The mean
stroke volume index (SVI) with TEB was 48.64 + 9.8 ml/beat/m?
vs. 37.12 £ 9.14 ml/beat/m? with CS (p < 0.01). The relationship was
significant (n = 144; r*= 0.65; p < 0.01). The mean bias, LOA, and PE
were 11.52 + 7.92 ml/beat/m?, 27.04 ml/beat/m?and -4 ml/beat/m?
and 36.19%.

Conclusions. The two methods of non-invasive haemodynamic
monitoring are not compatible in the perioperative setting. How-
ever, the CS system has more advantages in terms of continuity and
simplicity of monitoring, while measurements of TEB are interrupt-
ed by electrocautery.
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INTRODUCTION

Approximately 27% of high-risk surgical patients de-
velop atleast one of postoperative complications after
elective surgery. Postoperative cardiovascular com-
plications have a higher mortality rate in compari-
son with other types of complications (1). Standard
anaesthesia monitoring provides core information
about patient oxygenation, ventilation, circulation,
and temperature (2). Conventional assessment of
haemodynamics is of key importance; however, it is
incapable of evaluating patients’ volume status (3).
For instance, normotension might present in pa-
tients with hypovolemia due to increased systemic
vascular resistance. Moreover, the absence of tach-
ycardia in mild to moderate hypovolemic patients
suggests that basic haemodynamic monitoring lacks
early sensitivity in the case of hypovolemia (4-5).
On the other hand, excessive fluid therapy in-
creases the risk of pulmonary oedema and may
cause acid-base derangements (6). Therefore,
the Enhanced Recovery Partnership programme
recommends optimal intraoperative fluid man-
agement to avoid hypovolemia or fluid excess (7).
The main goal of optimal fluid management dur-
ing surgery is adequate tissue oxygenation (6). Ox-
ygen delivery depends on the cardiac output and
arterial oxygen content rather than on the arterial
blood pressure, therefore advanced haemodynamic
monitoring takes a pivotal role in providing addi-
tional information about the patient (8).
Previously goal-directed fluid therapy was based
on invasive haemodynamic monitoring, for example,
transpulmonary termodilution or pulmonary artery
catheter (PAC) (9). Unfortunately, invasive monitor-
ing techniques have serious complications associat-
ed with cannulation of the vessel, while non-invasive
monitoring provides detailed tracking without such
complications (10). Most of the non-invasive sys-
tems provide continuous measurements, however,
each monitor has a different mechanism of action
leading to advantages and disadvantages associated
with it (11). The ClearSight system uses inflatable
finger cuft around the middle phalanx to measure
the finger arterial pressure, which is reconstructed
into a brachial artery waveform (12). Bioelectrical
impedance (TEB) relies on the application of a con-
stant voltage high-frequency low-amplitude electri-
cal current across the thorax and its comparison with
the detected voltage. It is assumed that fluctuations in

the signal are based on the changes in intrathoracic
blood volume (13). The aim of the study was to iden-
tify the accuracy and agreement of two non-invasive
haemodynamic monitoring techniques in the peri-
operative setting: thoracic electrical bioimpedance
and Edwards Lifesciences ClearSight system.

MATERIALS AND METHODS

Patients
After obtaining an approval from Kaunas Regional
Biomedical Research Ethics Committee, the pro-
spective observational study was conducted at
the Department of Anaesthesiology, Kauno Klini-
kos Hospital of the Lithuanian University of Health
Sciences from 1 December 2017 to 1 March 2018.

The inclusion criteria were as follows:

« high-risk surgical patients;

« >30 years of age;

« major elective colorectal surgery;

« the duration of surgery >120 min.

Exclusion criteria were:

« cardiac arrhythmias;

« the patient’s weight <55 kg or >140 kg;

« the patient’s refusal to participate in the study.

Anaesthesia

The basic monitoring was used for all of the pa-
tients: three-lead electrocardiogram, pulse oxi-
metry, non-invasive arterial blood pressure tak-
en every 5 min, and temperature monitoring. All
of the patients were under general anaesthesia.
The induction of anaesthesia was made using
propofol (2-2.5 mg/kg), fentanyl (1-2 mcg/kg),
and neuromuscular block was induced by atracu-
rium (0.4-0.5 mg/kg). All patients were intubated,
mechanically ventilated with adequate respiratory
rate to maintain end-tidal carbon dioxide (ETCO,)
between 35 and 45 mmHg, and anaesthesia was
maintained with inhalation of sevoflurane.

Haemodynamic measurements

Both non-invasive haemodynamic monitors were
attached to the patient prior to the induction of an-
aesthesia. Anthropometric parameters were entered
into both devices for the accuracy of measurements.
The CS system was applied by wrapping an appropri-
ate size disposable finger cuff with integrated photop-
lethysmogram around the middle phalanx. Simulta-
neously, eight TEB electrodes were placed according
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to the manufacturer’s instructions: four on the base
of the neck, the rest of the electrodes in the midaxil-
lary line at the xiphoid process level. CS and TEB pa-
rameters were recorded every 5 min during surgery.
Time-specific points were collected: baseline values
before the induction of anaesthesia, followed by 19
during surgery and one after the extubation.

During 21 measuring time points: 210 measure-
ments were collected from the CS system and 164
from the TEB. Of TEB measurements, 46 were lost
due to electrocautery and therefore 46 pairs of mea-
surements from CS were excluded.

Statistical analysis

Data were analysed using SPSS software v.22.0.
Parametric quantitative data were expressed as
mean * standard deviation (SD). The Shapiro-WilK’s
test was used to test the normality of the distribu-
tions. The linear regression model was used to meas-
ure the strength of a linear relationship between TEB
and CS. Bland-Altman analysis was performed to
assess the mean difference, precision, and limits of
agreements (LOA). (The mean difference represents
the accuracy of the devices, while the LOA represents
their precision.) Limits of agreement were calculated
using the formula: mean difference +1.96 x stand-
ard deviation. Critchley and Critchley method was

used to calculate the percentage error (PE). PE was
calculated using the formula:standard deviation of
the mean difference multiplied by two and divided
by the mean of the measurements, and if the result
<30%, it was clinically acceptable.

RESULTS

After written informed consent was obtained, ten
patients (sex ratio: five male, five female; mean age
65 + 15 years; weight 76 + 13 kg; height 172 + 5 cm;
BMI 25.5 + 4.5 kg/m?*) were involved in our study.
Four patients were ASA II, five - ASA III, and
one — ASA IV. Ten pairs of data were obtained be-
fore the induction of anaesthesia: the mean CO with
TEB 6.12 + 1.96 L/min vs 6.04 + 2.48 L/min with
CS (p > 0.05). No correlation was found between
CO TEB and CO CS (n = 10; r*= 0.33; p = 0.358).
One hundred and forty-four pairs of data were col-
lected during the anaesthesia: the mean CO with
TEB was 6.15 + 1.14 L/min vs 4.78 + 1.40 L/min
with CS (p < 0.01). The relationship was significant
(n = 144; = 0.7; p < 0.01). The mean bias, LOA
and PE were 1.37 + 1.01 L/min, 3.35 L/min and
-0.61 L/min and 36.22%, respectively. The linear
regression model and Bland-Altman analysis are
shown in Figs. 1 and 2. The mean CI with TEB

Fig. 1. Linear regression analy-

R? Linear = 0.491

8.0 —
=
.50
€ 6.0
3
Q
o
O

4.0 7

2.0

4.0 6.0 8.0 10.0
CO TEB

sis during anaesthesia between
CO TEB and CO ClearSight
(L/min)




34 Joné Jackeviciité, Greta Kraujalyté, Inna Jaremko, Vilija Stremaityté, Juraté Gudaityté

4.0+ °
o
I e
g 3.0+ %°
= ° °
: TR
E 2.0 ® o .°¥ W 0y 0 0 ° °
) e ® Po o0 ®° ° ®
© [ ) [ X J : :
- ® [ ] [ ]
bl' 1.0 U R ® e Se *, .0 . 4
h ®e $ O
P O * . °
§ 0.0 . O LIPS . .
6‘ e o o [ ]
o —————————————— - = ) e = = = == G = o - —
O -1.04 O
-2.04
. Fig. 2. Bland-Altman analysis
3.0 i i i i during anaesthesia. The mean
2.0 4.0 . 6.0 . 8.0 bias1.37L/min,LOA 3.35L/min
(CO ClearSight + CO TEB)/2, L/min and —0.61 L/min. PE 36.22%

was 3.27 + 0.68 L/min/m? vs 2.53 + 0.79 L/min/
m* with CS (p < 0.01). The relationship was sig-
nificant (n = 144; r*= 0.78; p < 0.01). The mean
bias, LOA and PE were 0.740 + 0.50 L/min/
m? 1.72 L/min/m? and -0.24 L/min/m? and
33.79%, respectively. The mean SV with TEB was

91.69 + 15.91 ml/beat vs. 70.35 + 15.83 ml/beat
with CS (p < 0.01). The relationship was signifi-
cant (n = 144; r*= 0.54; p < 0.01). The mean bias,
LOA and PE were 21.34 + 15.15 ml/beat, 51.03 ml/
beat and - 8.35 ml/beat and 36.65%, respective-
ly (Figs. 3 and 4). The mean SVI with TEB was

Fig. 3. Linear regression anal-
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48.64 + 9.8 ml/beat/m? vs. 37.12 + 9.14 ml/beat/
m* with CS (p < 0.01). The relationship was sig-
nificant (n = 144; r* = 0.65; p < 0.01). The mean
bias, LOA and PE were 11.52 + 7.92 ml/beat/m?,
27.04 ml/beat/m? and -4 ml/beat/m? and 36.19%,
respectively.

DISCUSSION

No acceptable agreement was found between
TEB and CS system throughout all parameters.
The plausible cause of these results may be due
to a different device reaction to identical clinical
circumstances, for example, electrocautery. How-
ever, our results do not provide information that
one device is superior to the other. Each tech-
nology gives specific value for the individual pop-
ulation of the patients. For example, the volume
clamp method is easy to apply and use in the pe-
rioperative setting, however, peripheral oedema
and severe vasoconstriction impair the quality of
the received information (14). On the other hand,
the accuracy of the TEB is highly determined by
the position of the electrodes and fluid status in
the thoracic compartment (15).

In addition, we did not use an invasive haemo-
dynamic device, for example, PAC, as a reference

technology. However, recent literature suggests
that PAC provides semi-continuous cardiac output
monitoring combined with less accurate detection
of the patients’ volume status (16). Non-invasive
haemodynamic devices cannot provide absolute
cardiac output appraisal, but it can record the dy-
namic changes in CO (17). The ability of these de-
vices to reveal the trends is especially convenient
for goal-directed fluid therapy (18).

The place for the non-invasive haemodynamic
monitoring in the clinical setting remains debat-
able. For instance, clinicians use basic haemody-
namic monitoring for low-risk surgical patients,
however, high-risk non-cardiac surgical patients
with impaired vascular tone require invasive hae-
modynamic monitoring devices (19). Neverthe-
less, the new era of personalised care medicine
will increase the requirements for monitoring
patients’ haemodynamic status and homeostasis,
even of the healthier ones (20). The preoperative
assessment of the volume status might provide
additional information about the targets for peri-
operative patient management or can be used for
haemodynamic optimisation of the patient before
surgery (21).

Some limitations of our study should be tak-
en into consideration. First of all, we studied only
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ten patients during the perioperative period. Sec-
ondly, we did not have any invasive haemodynamic
monitoring technique as a reference. Furthermore,
we lost some of the data due to electrocautery,
which may have affected our results. Therefore,
the continuity of the measurement and the ability
to track CO changes are the main preferable fea-
tures of the haemodynamic monitoring device,
even though the collected data is less accurate.

CONCLUSIONS

Neither of the methods of advanced non-inva-
sive haemodynamic monitoring are compatible in
the perioperative setting. However, the ClearSight
system has more advantages in terms of continuity
and simplicity of monitoring, while measurements
of TEB are frequently interrupted by electrocautery.
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DVIEJU NEINVAZINIU TESTINES
HEMODINAMIKOS STEBESENOS PRIETAISU
PALYGINIMAS PERIOPERACINIU
LAIKOTARPIU

Santrauka

Ivadas. Tyrimo tikslas — nustatyti dviejy neinvaziniy
hemodinamikos monitoravimo techniky tikslumag ir
suderinamumg, lyginant bioimpedansa ir Edwards
Lifesciences ClearSight sistema.

Tyrimo medziaga ir metodai. Tyrime dalyvavo 10
pacienty. Kiekybiniai duomenys pateikti kaip aritme-
tiniai vidurkiai su standartiniu nuokrypiu. Skirstinio
normalumui patikrinti naudotas Sapiro-Vilko tes-

tas. Tarpusavio ry$io stiprumui tarp bioimpedanso ir

ClearSight jvertinti pasitelkta linijiné regresiné anali-
zé. Bland-Altman analizé panaudota nustatant vidu-
tinj skirtumg, tiksluma ir sutarties ribas. Critchley ir
Critchley metodas buvo naudojamas apskai¢iuojant
procentine paklaida. Jei paklaida mazesné nei 30 %,
laikyta, kad ji kliniSkai priimtina.

Rezultatai. Vidutinis $irdies minutinis taris iSmatuotas
bioimpedansu; 6,15 + 1,14 1/min., CS 4,78 + 1,40 [/min.
(p < 0,01). Nustatytas vidutinio stiprumo rysys tarp minu-
tinio $irdies tirio matavimy (n = 144; *= 0,7; p < 0,01).
Vidutinis skirtumas - 1,37 + 1,01 I/min., sutarties ri-
bos nuo 3,35 /min. iki 0,61 1/min., paklaida - 36,22 %.
Vidutinis sitolinio tario indeksas i$matuotas bioimpedan-
su: 48,64 + 9,8 ml/susitraukimui/m?* ir CS 7,12 + 9,14 ml/
susitraukimui/m? (p < 0,01). Nustatytas vidutinio stipru-
mo rysys tarp sistolinio tario indekso matavimy (n = 144;
= 0,65; p < 0,01). Vidutinis skirtumas - 11,52 + 7,92 ml/
susitraukimui/m? sutarties ribos: 27,04 ml/susitraukimui/
m? -4 ml/susitraukimui/m? ir paklaida 36,19 %.

I$vados. Sie neinvaziniai hemodinamikos stebéji-
mo metodai perioperaciniu laikotarpiu yra nesuderi-
nami. Tac¢iau ClearSight pranasesnis dél metodo pa-
prastumo ir testinumo, o bioimpedanso matavimams
jtaka daré elektrinio peilio naudojimas.

Raktazodziai: hemodinamikos stebésena, minu-
tinis $irdies taris, neinvazinis, intraoperacinis, pulso

bangos analizé, bioimpedansas



