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Abstract

Changes have been made to the AnaConDa device (Sedana Medical, Stockholm, Sweden), decreasing its size to reduce
dead space and carbon dioxide (CO,) retention. However, this also involves a decrease in the surface area of the activated
carbon filter. The CO, elimination and sevoflurane (SEV) reflection of the old device (ACD-100) were thus compared with
the new version (ACD-50) in patients sedated after coronary artery bypass graft surgery. After ERC approval and written
informed consent, 23 patients were sedated with SEV, using first the ACD-100 and then the ACD-50 for 60 min each. With
each device, patients were ventilated with tidal volumes (TV) of 5 ml/kg of ideal body weight for the first 30 min, and with
7 ml/kg for the next 30 min. Ventilation parameters, arterial blood gases, Bispectral-Index™ (BIS, Aspect Medical Systems
Inc., Newton, MA, USA), SEV concentrations exhaled by the patient (SEV-exhaled) and from the expiratory hose (SEV-
lost) were recorded every 30 min. A SEV reflection index was calculated: SRI [%]= 100X (1 — (SEV-lost/SEV-exhaled)).
Data were compared using ANOVA with repeated measurements and Student’s 7-tests for pairs. Respiratory rates, tidal and
minute volumes were not significantly different between the two devices. End tidal and arterial CO, partial pressures were
significantly higher with the ACD-100 as compared with the ACD-50. SEV infusion rate remained constant. SEV reflection
was higher (SRI: ACD-100 vs. ACD-50, TV 5 ml/kg: 95.29 +6.45 vs. 85.54 +11.15, p=0.001; 7 ml/kg: 93.42+6.55 vs.
88.77+12.26, p=0.003). BIS was significantly lower when using the higher TV (60.91 +£9.99 vs. 66.57 +8.22, p=0.012),
although this difference was not clinically relevant. During postoperative sedation, the use of ACD-50 significantly reduced
CO, retention. SEV reflection was slightly reduced. However, patients remained sufficiently sedated without increasing
SEV infusion.
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1 Introduction

Sedation by inhalation occurs through the action of anaes-
thetics breathed in, used in the same manner as in anaes-
thesia during operations, although at a lower dose. These
inhaled agents are minimally metabolized and thanks to their
low solubility, are rapidly eliminated via the lungs. Because
of these characteristics, such agents have been used as seda-
tives in an intensive care setting and have shown a shorter
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and more predictable time to awakening than occurs in seda-
tion with intravenous agents [1].

Enlund et al. described the use of the reflection method
in clinical practice for the first time in 2001. Reflection sys-
tems retain the anaesthetic during expiration and resupply
it during the next inspiration. The AnaConDa® or Anaes-
thetic Conserving Device (Sedana Medical, Stockholm,
Sweden) was the first medical product that permitted the
efficient administration of volatile anaesthetic by the reflec-
tion technique [2]. Another device has been developed, the
Mirus (Pall Medical, Dreieich, Germany), and it is the first
to administer desflurane using reflection. The Mirus system
can also be used for the delivery of sevoflurane and offers
automatic target control of the end-tidal anaesthetic con-
centration [3].
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The AnaConDa® can be used with any critical care ven-
tilator and enables direct administration of the anaesthetic in
liquid form by means of an infusion pump. Gas exhaled by
the patient is absorbed by a filter made of activated carbon
fibres interwoven into a felt, and it is then returned to the
patient in the next inhalation.

Development of the AnaConDa® (ACD-100) device
dates back to 2004. The instructions for use recommend a
minimal tidal volume of 350 ml, with an internal volume of
100 ml. A new design for the device was introduced at the
beginning of 2017, decreasing the internal volume to 50 ml,
and thereby extending the scope of indications for its use.
This reduction also involved a decrease in the size of the
activated carbon filter.

As the AnaConDa’s functionality is based on the filter’s
reflection efficiency, the aim of this study was to compare
sevoflurane concentrations in the expiratory branch of the
anaesthetic circuit. The concentration of sevoflurane exhaled
by the patient was to be contrasted with the concentration on
the ventilator side of the reflector. The proposal was there-
fore to compare the sevoflurane (SEV) reflection efficiency
of the older device with that of the new device, known as
AnaConDa-S® (ACD-50). The secondary objective was to
assess the ventilation parameters and blood gas parameters
obtained from the two devices.

2 Materials and methods

This was an analytical observational study with consecu-
tively selected patients conducted in the recovery unit of
a tertiary hospital from October 1, 2017 till December 15,
2017. The study was approved by the Clinical Research and
Ethics Committee (Registration number: 17114/17, Leon
Hospital, Leon, Spain). Written informed consent was
obtained the day before surgery. Patients over 18 years of
age undergoing scheduled coronary surgery with cardiopul-
monary bypass (CPB) could be included. Exclusion criteria
were as follows: body mass index (BMI) > 35 kg/m?, hypox-
emic respiratory failure after CPB, history of moderate to
severe pulmonary hypertension, history of chronic obstruc-
tive pulmonary disease, history of alcohol or psychotropic
drug abuse, and history of malignant hyperthermia.

In order to compare reflection efficiency between the two
devices, a SEV reflection index (SRI) was defined. It was
known that the reflection efficiency of the AnaConDa® can
be calculated in vitro using the formula: 100 x (1 — (SEV
lost/SEV exhaled)) [4]. In estimating the sevoflurane lost
and exhaled, gas was sampled at the AnaConDa® sam-
pling port and at the end of the expiratory hose of the ICU
ventilator with two gas monitors (Vamos®, Driger Medi-
cal, Liibeck, Germany; Fig. 1). In this way, the SRI was
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estimated as equal to 100X (1 — (SEV expiratory hose/SEV
AnaConDa® sampling port)).

The variables recorded related to anthropometric data,
such as weight, height and BMI. Height was used to deter-
mine the idealized weight in accordance with the formula
(height in cm —152.4) x0.91, with 45.5 added to the result
for women and 50 for men. Similarly, the sevoflurane and
remifentanil infusion rates were recorded, corresponding to
standard sedation analgesia. Using the established cut-offs
and the arterial blood gas test, values were obtained for par-
tial pressure of carbon dioxide (pCO,) and partial pressure
of oxygen (PaO,) in blood. Evita XL® and Evita 2® ven-
tilators (Dréager Medical, Liibeck, Germany), were utilized
to obtain ventilation parameters. The sedation level was
monitored through the bi-spectral index (BIS). In respect of
haemodynamic variables, the mean arterial pressure (MAP)
and the need for support with vasoactive drugs were noted.

Maintenance of anaesthesia in the operating room was
ensured in all cases by using SEV and remifentanil. At the
time of anaesthetic induction, a loading dose of 5 ug/kg of
fentanyl was administered. All procedures were performed
with cardiopulmonary bypass, with maintenance of SEV
administration during this time. Transfer from the operat-
ing room to the ICU was achieved with the administration
of boluses of 30 mg of propofol and fentanyl at a dose of
1 pg/kg.

Upon admission to the recovery unit, patients were
monitored conventionally with an electrocardiograph, and
by taking measurements of the invasive arterial pressure,
oxygen saturation and depth of anaesthesia. The Ana-
ConDa® devices were purged by using the bolus function
of the syringe pump with the volumes recommended by the
manufacturer. The ventilator’s parameters were set to vol-
ume control mode auto-flow, with an estimated tidal volume
for the idealized weight of 5 ml/kg, with an I to E ratio
of 1:2 and a respiratory rate for the end-tidal CO, between
40 and 45 mmHg measured by capnography. Sedation was
commenced with an ACD-100, with an initial arterial blood
gas sample analysis and recording of variables 30 min after
arrival. After the collection of these data, the ventilation
parameters were changed to 7 ml/kg, in accordance with the
aims mentioned above, and a new arterial blood gas test and
recording of spirometry values was performed after 60 min.
The respiratory circuit was then changed to an ACD-50,
with the ventilator settings returned to 5 ml/kg for 30 min
while data were gathered. After 90 min, the settings were
changed to 7/ml/kg ready for the final data collection at
120 min. After this was done, the feasibility of extubation
after 120 min of admission was assessed in accordance with
the unit’s standard protocol. Data were collected manually
by three investigators, with a precision of one decimal point
in sevoflurane concentrations.
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Sedation was maintained with SEV and remifentanil on
the lines of this protocol. Any need for haemodynamic sup-
port with vasoactive drugs was determined by the attend-
ing physician, who was also responsible for modifying the
sedation parameters, aiming for BIS levels between 60 and
80 and an end-tidal SEV concentrations of between 0.8 and
1.0 Vol%.

The sample size needed for the comparison of reflection
efficiency was calculated to allow a comparison of means
study incorporating related samples. It was assumed that
the value retained with the ACD-100 device would be 90%
and with the ACD-50 80%. Hence, for a power of 80% and
a significance level of 5% at a standard deviation of 16% of
the difference of the means, the size required was estimated
at 26 patients. It was predicted that 3 patients would drop
out of the study (10% loss rate).

The data were entered into a Microsoft Excel® data-
base. For statistical analyses, use was made of the SPSS®
15.0 V2.0 program. In order to achieve the basic objec-
tive of comparing the SRI, Student’s 7T-test for paired data
and an ANOVA with Bonferroni post hoc correction were
employed. In respect of the secondary objectives of com-
paring pCO, and ventilator parameters the same tests were
used. For qualitative variables (the employment of vasoac-
tive drugs) a Chi square test was utilized.

3 Results

The total sample consisted of 27 patients. Two patients were
excluded because of histories of chronic obstructive pul-
monary disease, one because postoperative sedation with
propofol alone was felt to be optimal because of a suspected
neurological event, and one was excluded owing to a his-
tory of alcoholism (> 60 g/day). Of the 23 patients included,
20 were men and 3 were women. Their mean weight was
75.42 kg (95% Confidence Interval 70.88—79.95), their mean
height was 164.48 cm (95% CI 160.45-168.51), their mean
BMI was 27.85 kg/m2 (95% C126.54-29.17), and their mean
idealized weight was 60.61 kg (95% CI 56.52—64.70).

The comparative analyses were carried out for the pairs
corresponding to minutes 30 and 90, and 60 and 120 min 30
with ACD-100 and a tidal volume of 5 ml/kg was compared
to minute 90 with ACD-50 and the same ventilation param-
eters. Minute 60 with ACD-100 was compared to minute
120 with ACD-50, both having ventilation parameters set
at 7 ml/kg.

The data concerning the dosage of sedative and the seda-
tion objectives measured with the BIS scale showed no sta-
tistically significant differences, except for the BIS at min-
utes 30 and 120. Here there was statistical significance but
no clinical relevance, because both values lay within the
objective clinical range of 60 to 80 (Table 1).

The blood gas analyses showed significant differences in
pCO,, with lower values with the ACD-50, when the same
tidal volumes were used. Capnography values with the
Vamos monitor® showed significantly lower pCO, values
with the ACD-50 (Table 1).

With regard to haemodynamic details, the MAP at min-
utes 30 and 90 showed no significant differences (Table 1).
An analysis comparing the proportions of use of vasocon-
strictors, vasodilators and inotropic agents showed no sta-
tistically significant results (Table 1).

Respiratory rates and plateau pressure were not signifi-
cantly different between devices. The ANOVA clearly shows
differences in the values for expiratory tidal volumes when
ventilation was at 5 ml/kg as against 7 ml/kg, but no differ-
ences were found among groups by means of Student’s 7-test
when ventilation was with the same volume (Table 1).

Significant differences were also found in the SEV con-
centrations exhaled by the patient between minutes 60 and
120 and in the expiratory hose of the circuit between min-
utes 30 and 90, and 30 and 120, with a lower concentration
of SEV in the case of the ACD-100 ventilating at 5 ml/kg
(Table 2).

With regard to the reflection efficiency, SRI of ACD-
100 was significantly higher compared to ACD-50 when
using 5 ml/kg tidal volume, but not when using 7 ml/kg, as
assessed by Student’s 7-test. Similarly, when comparing all
four time points using ANOVA, we found a significant dif-
ference between ACD-50 at 5 ml/kg tidal volume compared
to ACD-100 independent of the tidal volume, with an SRI
significantly lower in the case of the ACD-50 (Table 2).

4 Discussion

The reflection efficiency of the activated carbon filter of the
ACD-50 under standard practice conditions was lower than
that of the ACD-100, especially when ventilating with vol-
umes of 5 ml/kg of idealized weight. The ACD-100 activated
carbon filter is theoretically capable of absorbing 90% of the
patient’s exhaled gas [5]. With established infusion models,
infusion rates of 10 ml/h are rarely exceeded in clinical prac-
tice [6], which implies that the filter size might be excessive.
It was thus surmised that the size of the device could be
reduced without affecting its performance, thereby improv-
ing its operating limitations. These limitations are deter-
mined by the need for a minimum tidal volume of 350 ml,
because the ACD-100 requires the insertion of an internal
volume of 100 ml [7, 8] into the circuit. This restricts its use
with paediatric populations and also for acute respiratory
distress syndrome with protective ventilation parameters.
On the basis of these premises, a “new” AnaConDa was
designed, with an internal volume of 50 ml and minimum
tidal volume of 200 ml [9], permitting a significant reduction
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Table 1 Comparison BIS, blood gas analyses, ventilation parameters and haemodynamic details

ACD-100 ACD-50 t ACD-100 ACD-50 t ANOVA Bonferroni
30 min 90 min p 60 min 120 min p p Post hoc
Sevoflurane (ml/h) 3.50+0.75 3.66+0.57 0.265 3.66+0.72 3.65+0.53 0.978 0.811 -
Remifentanil (ug/kg/min) 0.04+0.01 0.04+0.01 0.809 0.04+0.01 0.04+0.01 0.179  0.764 -
BIS 58.3+9.95 60.70+8.26 0.451 60.91+9.99 66.57+8.26 0.012  0.039 30%x120
MAP 73.62+9.70 74.05+10.10 0.871 71.94+10.80 73.47+8.89 0.598 0.896 -
pCO, (mmHg) 49.53+5.43 45.65+7.18 0.02 44.80+4.63 40.36 +4.02 0.001 <0.001 30x60
30x120
60x 120
EtCO, (mmHg) 45.57+6.15 40.91 +£6.64 <0.001 40.39+£5.89 36.17+4.93 <0.001 <0.001 30x 60
30%x120
90x 120
PaO,/FiO, ratio 261.39+58.36  256.43+60.93 0.536 271.52+62.69 275.34+68.63 0.638 0.720 -
Expiratory tidal volume (ml) 300.78 +47.12 311.61+44.21 0.237 404.26+55.36  398.74+55.20 0.353 <0.001  30x 60
30%x120
60x 90
90x 120
Respiratory rate 16.08 £1.23 16.08 £1.23 - 15.78+1.12 1578 +1.12 - 0.679 -
Minute volume (1/min) 5.50+1.40 541+1.29 0.707 6.54+1.50 6.17+1.06 0.120  0.012 60x 90
Plateau pressure (cm H,0) 16.96 +3.97 17.09+4.59 0.836 18.65+3.89 19.09 +4.51 0426  0.223 -
MAP (mmHg) 73.92+9.70 74.08+10.10  0.871 71.94+10.80 73.47+8.89 0.598 0.896 -
ACD-100 ACD-50 ACD-100 ACD-50 Chi square p
30 min 90 min 60 min 120 min
Noradrenaline (% yes) 8.7 8.7 8.7 13 0.369 0.946
Dobutamine (% yes) 17.4 17.4 17.4 17.4 0 1
Nitroglycerine (% yes) 8.7 21.7 13 21.7 2.150 0.542

The p-values are based on Student’s 7-test for paired samples, ANOVA p value and post hoc Bonferroni correction. Bonferroni shows between
which groups of minutes there are differences. Final part shows an analysis of the proportion of use of noradrenaline, dobutamine and nitroglyc-
erine in the postoperative period, with chi square details

BIS bi-spectral index, FiO, fraction of inspired oxygen, PaO, partial pressure of oxygen, pCO, partial pressure of carbon dioxide, EtCO, end
tidal carbon dioxide, MAP mean arterial pressure

Table 2 Comparison of SEV exhaled by the patient and SEV in the patient’s expiratory hose after the carbon filter

ACD-100 ACD-50 t ACD-100 ACD-50 t ANOVA Bonferroni
30 min 90 min p 60 min 120 min p p Post hoc
Sevoflurane exhaled 0.91+0.17 0.91+0.21 1.000 0.99+0.16 0.78 +£0.20 <0.001 0.003 60x 120
by patient (%)
Sevoflurane lost (%) 0.07+£0.07 0.19+0.08 <0.001 0.11+0.08 0.16+0.09 0.116 <0.001 30x 60
30x120
60x 120
SRI 95.29+6.45 85.54+11.15 0.001 93.42+6.55 88.77+12.26 0.135 0.003 30x 90
60x 90

P values of Student’s T-test for paired samples and ANOVA p values with Bonferroni post hoc correction. Bonferroni shows between which
groups of minutes there are differences

SRI Sevoflurane reflection index

in the size of the activated carbon filter, while preserving its  is reflected back to the patient. The tidal volume increase
operational characteristics. necessary to maintain normal arterial carbon dioxide pres-

The internal volume of the reflection system determines  sure, or normocapnia, has been termed reflective dead space
the volumetric dead space. In addition, some carbon dioxide [10]. Reflective dead space has been quantified as 40 ml for
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Fig. 1 Outline design of the study. Sevoflurane measurements were
performed using Vamos® monitors (Driger, Germany) in the gas
sampling port and expiratory branch of the AnaConDa (Sedana
Medical, Sweden), next to the ventilator connection. With the same

the ACD-100, and 25 ml for ACD-50 [4]. Hence, the total
device dead space, that is, the sum of volumetric and reflec-
tive dead space, is 140 ml for the ACD-100 and 75 ml for
the ACD-50.

In order to assess reflection efficiency, a new index was
defined, named the Sevoflurane Reflection Index (SRI). The
aim was to develop a “clinical” index of the reflection capac-
ity of the AnaConDa® that avoided assumptions made in
other theoretical models that use artificial lungs [5, 11]. Such
models estimate lost SEV and SEV in the patient in a bal-
anced phase, in other words under steady state conditions. In
this way, administration of SEV in the system is equal to the
lost SEV exiting through the reflector. Thus, the concept of
reflection efficiency is based on the amount of SEV exhaled
or lost or re-inspired in the sense of net volume of gas. In
this instance, concentrations of gas are measured, as it is not
possible to calculate with precision the amount of SEV that
is lost, since this is not a balanced phase. Even so, the SRI
estimates the reflection capacity under real conditions in a
simple manner that is clinically reproducible. Hence, it can
be used for making comparisons between various types of
apparatus and different volatile anaesthetics.

In this study, it was observed that with the classical device
the reflection index for the anaesthetic gas exceeded 90%,

patient, blood gas measurements were performed at minutes 30, 60,
90 and 120 during the postoperative period, the first two with the
“older” device and the last two with the “new” device

with tidal volumes between 5 and 7 ml/kg, while with the
new device the equivalent values were below 90% with no
differences in tidal volumes. There is an inconsistent finding
in the data, in that the SRI was less with 5 ml/kg than with
7 ml/kg, in view of the fact that the filter’s in vitro reflection
efficiency is supposed to be inversely related to the product
of the gas concentration and programmed tidal volume [11].
On the basis of the data analysed, a possible explanation for
this finding is that use in standard practice involves changes
in temperature and humidity which may affect the filter’s
reflection efficiency [12].

It is important to note that despite the decrease in reflec-
tion efficiency, infusion rates of sevoflurane showed no dif-
ferences between the ACD-100 and the ACD-50. Similarly,
the values for the bi-spectral index were in the same range,
with statistical but no clinical differences.

The environmental pollution implications of this lower
reflection efficiency are still to be assessed. However, it is
known that with the previous characteristics the environ-
mental pollution limits recommended by the United States
National Institute for Occupational Safety and Health of two
parts per million were not exceeded [13]. There were no
changes in the handling of the device or the loading of the
syringe [14], so the risks are currently the same for both.
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The data showed no differences in the minute volumes
obtained with the two devices, although the arterial pCO,
and Vamos© monitor pCO, values were lower with the
ACD-50. This might be because of lower CO, retention in
this device which has a smaller device dead space. Reflec-
tive dead space was attenuated by volatile agents [9, 15],
but these effects of sevoflurane do not seem sufficient to
compensate for the decrease in the total device space in the
ACD-50. This pCO, reduction does not seem to correspond
to haemodynamic impairment, as the MAP showed no dif-
ferences between the groups, although this is not truly an
appropriate measure of cardiac output. There were no dif-
ferences in the oxygenation values between the devices. In
terms of the respiratory mechanics study, the devices did not
affect plateau pressures. Previous studies have assessed the
influence of the ACD-100 on respiratory effort [16] and con-
cluded that introducing a gas (sevoflurane) into the circuit
minimizes the influence of the device, with characteristics
approximating to those of the humidifier filters commonly
employed.

The data analysed showed a slightly lower reflection
efficiency in the ACD-50, but sevoflurane infusion rates
were not increased, since an adequate depth of sedation was
maintained. These data lead to the question of what real
clinical relevance this decrease in reflection efficiency might
have. On the other hand, there was a significantly lower
pCO,, with the AnaConDa-S®, differences being close to
5 mmHg. This might by of clinical significance, for example
in patients with respiratory distress syndrome or intracranial
hypertension.

In the same line, Bomberg and cols. recently published a
paper with 10 patients sedated with isoflurane in spontane-
ous breathing comparing ACD-100 versus ACD-50 during
5 h observation period. They found that ACD-50 reduces
tidal volumes and end-tidal carbon dioxide concentrations.
Respiratory rate, hemodynamic variables, sedation depth
and isoflurane infusion rates remained unchanged [17].
These results are concordant with ours, but in this case with
patients in spontaneous breathing.

The setting for implementing this study was cardiac
surgery. In this context of cardiac patients sedation with
halogenated compounds is especially indicated [18], as it
decreases the incidence of pulmonary complications [19].
Measurements were performed under standard practice
conditions so as to determine the applicability of the new
apparatus in such a context, in an effort to help clinicians
understand this device. To improve homogeneity of the
sample obesity, history of chronic obstructive pulmonary
disease, history of alcohol or psychotropic drug abuse were
included as exclusion criteria, although volatile anaesthetics
seems useful in these populations [20].

The limitations of this study were determined by this
standard practice. The patients were ventilated in a manner
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that allowed for interaction with the patient, in that if the
patient did not present neuromuscular relaxation, the spirom-
etry values were not only programmed by the clinician but
also showed this interaction with the patient. This might
affect the tidal volume and minute volume data. It would
have been advisable to use a single ventilator to collect data,
but this choice would have interfered with the regular work-
flow of the recovery unit and the study would have ceased
to have strictly observational value. On these same lines, the
Vamos® monitor displays the sevoflurane concentration only
to one decimal place; manual recording of this might affect
the accuracy of measurements.

Future lines of study and aspects to be considered with
regard to this new device include the influence of its size
on respiratory effort and an assessment of dead space using
volumetric capnography measurements. In terms of pol-
lution, future studies should assess whether this reduction
in retention capacity has any effect of contaminating the
environment.

In conclusion, reducing the size of the AnaConDa® and
hence that of its activated carbon filter affected the condi-
tions of standard practice in terms of sevoflurane reflection
efficiency. With the ACD-100, the efficiency index exceeded
90%. The ACD-50, however, showed a slightly lower effi-
ciency, with programmed tidal volumes of 5 ml and 7 ml
per kg of idealized weight. Despite the lower reflection effi-
ciency of the ACD-50, infusion rates for sevoflurane and
BIS values showed no difference between the two versions
of the apparatus. A significant reduction in arterial pCO,
was observed with the ACD-50 because of the lower total
device dead space.
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