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Abstract

AnaConDa-100 ml (ACD-100, Sedana Medical, Uppsala, Sweden) is well established for inhalation sedation in the intensive
care unit. But because of its large dead space, the system can retain carbon dioxide (CO,) and increase ventilatory demands.
We therefore evaluated whether AnaConDa-50 ml (ACD-50), a device with half the internal volume, reduces CO, reten-
tion and ventilatory demands during sedation of invasively ventilated, critically ill patients. Ten patients participated in this
cross-over protocol. After sedation with isoflurane via ACD-100 for 24 h, the 5-h observation period started. During the first
hour, ACD-100 was used; for the next 2 h, ACD-50; and for the last 2 h, ACD-100 was used again. Sedation was titrated to
Richmond Agitation and Sedation Scale (RASS) score — 3 to —4 and a processed electroencephalogram (Narcotrend Index,
Narcotrend-Gruppe, Hannover, Germany) was recorded. Minute ventilation, CO, elimination, and isoflurane consumption
were compared. All patients were deeply sedated (Narcotrend Index, mean + SD: 38 + 10; RASS scores —3 to —5) and
breathed spontaneously with pressure support throughout the observation period. Infusion rates of isoflurane and opioid,
either remifentanil or sufentanil, as well as ventilator settings were unchanged. Minute ventilation and end-tidal CO, were
significantly reduced with the ACD-50, respiratory rate remained unchanged, and tidal volume decreased by 66 +43 ml. End-
tidal isoflurane concentrations were also slightly reduced while haemodynamic measures remained constant. The ACD-50
reduces the tidal volume needed to eliminate carbon dioxide without augmenting isoflurane consumption.
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1 Introduction

Volatile anaesthetics are increasingly used for critical care
sedation in Europe [1-3] and Canada [4]. Since 2013, vola-
tile anaesthetics have been included as acceptable types of
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sedation in the Spanish, British, and German guidelines
[5-7].

A well-established method for administering volatile
anaesthetics in conjunction with common intensive care
ventilators is the anaesthetic conserving device (ACD,
AnaConDa®, Sedana Medical, Uppsala, Sweden, Fig. 1).
As with heat-and-moisture exchanging filters, the device is
inserted between the Y-piece and the patient. Liquid volatile
anaesthetic is delivered by a syringe pump into an evaporator
incorporated within the ACD. The key element of the ACD
is a reflector made of activated carbon that limits loss of the
anaesthetic into the open ventilator system [8]. The ACD
reflects up to 90% of the exhaled anaesthetic [9].

The ACD affects carbon dioxide removal in two man-
ners: first, by its volume of 100 ml (“volumetric” dead space,
analogous to the effect of HME filters), secondly, by reflect-
ing exhaled carbon dioxide back to the patient during the
next inspiration (“apparent” or “reflective” dead space) [10,
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Fig.1 a AnaConDa-50 ml, b
AnaConDa-100 ml, (Sedana
Medical, Uppsala, Sweden), (1)
ventilator side with Y piece (2)
anaesthetic reflector (invis-

ible inside the black case), (3)
evaporator (white porous hollow
rod inside the transparent case)
(4) gas sampling port with sam-
pling line to the gas monitor, (5)
patient side of the device, (6)
agent supply line for infusion of
liquid anaesthetic, ¢ ACD-50:
AnaConDa-50 ml, ACD-100:
AnaConDa-100 ml

11]. Carbon dioxide retention limits utility of the ACD-100
in patients who require small tidal volumes, including chil-
dren [12] or patients in acute respiratory distress syndrome
(ARDS) [13].

Recently, a new version of the ACD was developed with
50 ml internal volume (ACD-50) instead of 100 ml (ACD-
100). The expected consequence is improved carbon dioxide
elimination which presumably reduces ventilatory demand.
But the small ACD-50 inevitably contains less activated
carbon than the 100-ml version which might impair isoflu-
rane reflection. We therefore compared minute ventilation,
carbon dioxide elimination, and isoflurane consumption in
spontaneously breathing patients sedated with ACD-100 and
ACD-50 devices. We hypothesized that minute ventilation
decreases.

2 Methods

This retrospective analysis was approved by the Institu-
tional Review Board (Registration number: 170/17, Saar-
land Medical Chamber, Faktoreistr. 4, 66111 Saarbruecken,
Germany). Written informed consent of the patients was
obtained after they awakened.

Ten consecutive critically ill patients requiring deep seda-
tion were evaluated. After priming ACD-100 with 1.2 ml
isoflurane, the syringe pump (Perfusor; Braun Melsungen
AG, Germany) was started at a rate of 3 ml/h and then
adjusted, targeting at Richmond Agitation-Sedation Scale
(RASS) scores between —3 and —4 [14]. Analgesia was
provided by remifentanil or sufentanil infusions.
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As shown in Fig. 2a, ventilation hoses, Y-piece, the Ana-
ConDa, a tube elongation and the endotracheal tube were
connected in-line. Patients were ventilated with an Evita 4
ventilator (Driger Medical) and received closed endotra-
cheal suctioning. Isoflurane and end-tidal carbon dioxide
concentrations were monitored with a Vamos gas monitor
(Driger Medical, Liibeck, Germany) which was connected
to the ACD via a sample line. The gas outlet of both the ven-
tilator and the gas monitor was injected into a FlurAbsorb
anaesthetic gas filter (Sedana Medical). A processed elec-
troencephalogram (Narcotrend Index, Narcotrend-Gruppe,
Hannover, Germany) was recorded.

Isoflurane sedation with the ACD-100 was maintained
for 24 h before the 5-h observation period started (Fig. 2b).
After 1 h of observation, the endotracheal tube was clamped
and the ACD-100 switched for a new ACD-50. The new
system was primed with 0.9 ml isoflurane and measurements
were continued for 2 h. The tube was clamped again, a new
ACD-100 was connected, primed with 1.2 ml isoflurane and
measurements were continued for another 2 h. Isoflurane and
opioid infusion rates were initially kept constant after each
device change, but could subsequently be changed if clini-
cally indicated. When the 5-h protocol ended, the clinical
treatment team answered a questionnaire (Supplement 1)
about feasibility, safety, and handling—and selected one of
the ACD options for continued care.

During the observation period, ventilation and treatment
characteristics, the isoflurane infusion rate, RASS scores and
Narcotrend indices were documented every 15 min. Arterial
blood was sampled for carbon dioxide and oxygen partial
pressure analyses every 60 min throughout the 5-h proto-
col period. Carbon dioxide and isoflurane concentrations
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Fig.2 a Setup of the AnaConDa system: ventilation hoses, the Ana-
ConDa (ACD), Y-piece, a tube elongation and the endotracheal tube
are connected in line. Liquid isoflurane is supplied via a syringe

were measured and electronically recorded every 100 ms.
Patient characteristics, diagnoses, and vital parameters were
extracted from the ICU patient management system (Copra,
Version 5, Copra System GmbH, Berlin, Germany).

2.1 Data analysis

Data recorded at 15-min intervals were averaged over each
study hour and designated ACD-100 (baseline), ACD-
50-1 h, ACD-50-2 h, ACD-100-1 h, and ACD-100-2 h.
End-tidal carbon dioxide and isoflurane concentrations were
extracted from online breath-by-breath recordings and also
averaged over each study hour. Isoflurane concentrations
were expressed as fractions of the age-adjusted minimal
alveolar concentration (MAC) [15]. To account for potential

pump. A processed electroencephalogram (EEG, Narcotrend Index,
Narcotrend-Gruppe, Hannover, Germany) was recorded. b Treatment
protocol

parameter drifts over time, the values of ACD-100 (baseline)
and ACD-100-2 h were averaged (ACD-100,,.,,), and statis-
tically compared to those of ACD-50-2 h.

We examined the influence of the isoflurane gas quantity
contained in an exhaled breath on the isoflurane reflection
of both devices. Specifically, we approximated the isoflurane
vapour volume by multiplying expired isoflurane concentra-
tions and tidal volumes of ACD-100 (baseline) and compared
this with the difference in end-tidal isoflurane concentrations
between both reflectors (ACD-100,,.,,—ACD-50-2 h).

Continuous variables are expressed as means + standard
deviations. Categorical variables are presented as numbers
of patients with percentages in parentheses. The statisti-
cal significance of changes of continuous variables in each
group was tested with ANOVA for repeated measurements

mean
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and with Bonferroni corrections for multiple testing.
ANOVA for nonparametric values (Friedman test) was used
for data that were not normally distributed, followed by a
multiple comparison method (Bonferroni method). Statisti-
cal significance was accepted at two-sided significance level
of 0.05. All data analyses were performed using SigmaPlot
12.0 (Jandel Scientific Corp., San Rafael, USA).

3 Results

Ten consecutive patients completed the full 5-h protocol.
The patients’ characteristics are reported in Table 1. The
sequential organ failure assessment scores were 11.5+4.2
(mean =+ standard deviation) on admission.

RASS scores and Narcotrend indices indicated that
all patients were deeply sedated throughout the observa-
tion period and remained unaffected by switching devices
(Table 2). Despite profound sedation, all patients were
breathing spontaneously through endotracheal tubes with
pressure support and coughed in response to endotracheal
suctioning. Isoflurane infusion rates varied among patients,
but remained unchanged during the observation period at a

Table 1 Patient characteristics at start of treatment protocol

Patient characteristics (n=10)

Male 3.(30)
Age (years) 59+13
Height (cm) 167+8
Body mass index (kg/m?) 29412
Comorbidities

Chronic renal failure 1(10)

COPD 2 (20)

Diabetes 2 (20)
Emergency 6 (60)
Abdominal surgery 5(50)
Reasons for sedation

Pneumonia or sepsis from other causes 7(70)

Other reasons 3 (30)
SOFA-score (points) 11.5+4.2
Renal replacement therapy 2 (20)

Continuous variables are expressed as means =+ standard deviations.
Categorical variables are presented as numbers of patients with per-
centages in parentheses

Other reasons for sedation and invasive ventilation were: hemody-
namic instability after major abdominal bleeding and hypothermia,
pharyngeal abscess with severe edema of hypopharynx and larynx,
as well as hydrochloric acid ingestion with suspected esophageal and
tracheal damage

COPD chronic obstructive pulmonary disease, SOFA-Score sequen-
tial organ failure assessment score
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rate of 3.1 +2.0 ml/h; opioid infusion rates also remained
unchanged (Table 2).

The end-tidal concentrations of isoflurane ranged from
0.2 to 0.8 MAC and were slightly greater with the ACD-100
than with the ACD-50 (ACD-100,,,,, versus ACD-50-2 h:
0.55+0.18 versus 0.52+0.19 MAC, p=0.015, Fig. 3a).
Only in two patients the endtidal isoflurane concentration
decreased by more than 0.1 MAC (0.16 and 0.11 MAC).
Interestingly, these two patients exhaled the highest iso-
flurane vapour volume, approximately 4.9 and 6.3 ml per
breath.

Minute ventilation and end-tidal carbon dioxide were
significantly reduced with the ACD-50 (Fig. 3b, c), respira-
tory rate remained unchanged, and tidal volume decreased
by 66 +43 ml. Also, peak flows were significantly higher
with the ACD-100. Positive end-expiratory pressures and
pressure support were not changed by the treatment team.
Blood gas analyses showed no difference in arterial pres-
sures of carbon dioxide. Mean arterial pressure, heart rate,
and norepinephrine dose did not change significantly during
the observation period (Table 2).

No complications or handling problems were observed
during the observation period. In the questionnaire, four of
ten treatment teams reported that handling the ACD-50 was
easier than the ACD-100; the other six reported no remark-
able difference in handling. Some appreciated the lighter
weight of ACD-50 (38 versus 50 g) which pulled less on the
endotracheal tube. 9 of the 10 teams preferred the ACD-50
and thus continued sedation with that device (Table 3).

4 Discussion

In this quality improvement project, we found that ACD-50
reduced tidal volumes and end-tidal carbon dioxide con-
centrations compared to the older ACD-100 in ventilated
patients who breathed spontaneously with constant pressure
support. Respiratory rate, hemodynamic variables, and seda-
tion depth, as well as opioid and isoflurane infusion rates
remained unchanged.

Previous studies document that the anaesthetic conserv-
ing device reflects both volatile anaesthetics and exhaled
carbon dioxide molecules. We consider the additional tidal
volume that is needed to expel reflected carbon dioxide to be
reflective dead space [10]. Reflective dead space was found
to be 180-200 ml under dry laboratory conditions [10, 16],
60-80 ml under body temperature pressure conditions [10,
11], and 35 to 46 ml when adding isoflurane [10], or sevo-
flurane [17]. Combined with the reflector’s internal volume
(volumetric dead space), the ACD increases minute venti-
lation and work of breathing [18]. As might be expected,
the smaller ACD-50 significantly diminished the minute
ventilation required to maintain constant partial pressure of
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Tabltj.1 2 .Sedation .depth Patients (n=10)

monitoring, sedative drugs,

ventilator parameters, lung 24 h 1h 2h 1h 2h

function, and hemodynamic

data; before, during, and after ACD-100 ACD-50 ACD-50 ACD-100 ACD-100

ACD-50 use in ten patients RASS score 441 441 441 441 441
Narcotrend index 38+8 39+9 38+11 37+11 39+11
Isoflurane (mL/h) 3.1+2.0 3.1+£2.0 31+£20 3.1+£2.0 31+£20
Remifentanil (n) 6 6 6 6 6
Remifentanil (ug/kg/min) 0.05£0.01  0.05+0.01 0.05+£0.01 0.05+£0.01 0.05+0.01
Sufentanil (n) 4 4 4 4 4
Sufentanil (ug/kg/h) 021+£0.10 021+0.10 0.21+£0.10 0.21+0.10 0.21+0.10
Spontaneous breathing (n) 10 10 10 10 10
Respiratory rate (min~") 19+8 19+8 19+8 20+8 20+9
Tidal volume (mL) 571+121 528+129 508+131*%  569+126 577+130
Peak-flow (L/s) 4711 45+11 43 +12% 48+13 49+12
PEEP (mbar) 11+2 11£2 11+2 11+2 11+2
Pressure support (mbar) 8+3 8+3 8+3 8+3 8+3
PaCO, (kPa) 6.8+1.1 6.7+1.1 6.7+1.0 6.9+0.9 6.7+0.9
Oxygenation index 235+70 230+85 225+72 234+ 64 223+67
pH value 737+£0.06 7.39+0.07 7.38+0.07 7.37+0.05 7.38+0.07
Mean arterial pressure (mmHg)  71+8 71+8 7247 7012 67+12
Heart rate (min~") 95+15 94+14 94+13 95+13 94 +14
Norepinephrine (n) 3 3 3 3 3
Norepinephrine (ug/kg/min) 0.12+0.07  0.12+0.07 0.13+0.09 0.14+£0.09 0.16+0.10

Continuous variables are expressed as means =+ standard deviations. Categorical variables are presented as

numbers of patients

ACD-50 AnaConDa-50 ml, ACD-100 AnaConDa-100 ml, # hour, RASS Richmond Agitation-Sedation
Scale, PEEP positive end-expiratory pressure, PaCO, partial pressure of arterial carbon dioxide

*p<0.05 versus ACD-100

mean

arterial carbon dioxide. Specifically, spontaneously breath-
ing patients reduced their tidal volumes by 66 ml, corre-
sponding to 50 ml reduced volumetric and 16 ml reduced
reflective dead space. In a recent bench study, reflective dead
space has been quantified as 40 ml with the ACD-100 and
25 ml with the ACD-50 under clinically relevant conditions,
for a difference of 15 ml [19].

There are several reports about inhalation sedation with
the ACD in patients with severe acute respiratory distress
syndrome, undergoing kinetic lateral rotational therapy [20]
or extracorporeal membrane oxygenation [21]. Advantages
included stable spontaneous ventilation despite deep seda-
tion [20, 21], and improved oxygenation as well as reduced
inflammation [13]. However, increased dead space venti-
lation was criticized for interfering with lung protective
ventilation [17]. Availability of an anaesthetic administra-
tion device with less dead space will facilitate inhalational
sedation in these and other patients who require small tidal
volumes.

There was a small but significant decrease in end-tidal
isoflurane concentration when the ACD-100 was switched to
the ACD-50 with constant anaesthetic infusion. This result is

(average of ACD-100 (24 h baseline) and ACD-100 2 h)

consistent with a previous bench study [19]. As no changes
in RASS scores or Narcotrend indices were observed, the
slightly reduced reflection capacity of ACD-50 is not clini-
cally important at low isoflurane concentrations (0.2-0.8
MAC), commonly used for inhalational sedation in the ICU.
It was not until exhaled isoflurane reached about 5 ml per
breath, corresponding to 1 vol% isoflurane in 500 ml tidal
volume, or 0.8 vol% in 625 ml, that the ACD-50s reflection
efficiency started to decrease. This is consistent with the
concept of the reflection capacity, quantified as the vapour
volume expired in one breath, described previously. Once
the reflection capacity is exceeded, efficiency of the reflector
will deteriorate [9]. The reduced reflection capacity of the
smaller device might be important when tidal volumes are
large, high isoflurane concentrations are needed, or when
less potent volatile anaesthetics such as sevoflurane are used.
However, the importance of each factor requires additional
study.

No complications were observed consequent to use of
the ACD-50. After the observation period, nine of ten treat-
ment teams continued with ACD-50 appreciating the lighter
weight and less pulling on the endotracheal tube.

@ Springer
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Fig.3 a End-tidal isoflurane concentration; b minute volume; ¢ end-
tidal carbon dioxide concentration; before, during, and after ACD-50 use
in ten patients. ACD-50=AnaConDa-50 ml (green). ACD-100=Ana-
ConDa-100 ml (blue), & hour. Recorded data were averaged over each
study hour and designated ACD-100-24 h (baseline), ACD-50-1 h, ACD-
50-2 h, ACD-100-1 h, and ACD-100-2 h. Box (first and third quartile)
and whiskers (5th and 95th percentiles) plot. Solid dash: median values.
Plus symbol: mean values. Points: Outliers (>two standard deviations).
Blue box: ACD-100. Green box: ACD-50. *p <0.05 versus ACD-100,,,,
(average of ACD-100-24 h (baseline) and ACD-100-2 h)

@ Springer

Table 3 Some questions answered by the treatment teams

Questions answered by the treatment teams (n=10)

Yes No Don’t
know
Decreased V1 or RR profitable? 3(30) 1(10) 6(60)

Signs of increased resistance? 2(20) 5(50) 3(30)
Prolonged expiration/air trapping/

decrease of the expiratory flow

Better Similar Worse Don’t know

Handling of the smaller
device?

4(40) 6(60) 0(0) 0(0)

Pulling on endotracheal
tube? Turning/washing the
patient?

ACD-50 ACD-100

Which do you prefer for continu-
ation?

9 (90) 1 (10)

Categorical variables are presented as numbers of patients with per-
centages in parentheses

VT tidal volume, RR respiratory rate, ACD-50 AnaConDa-50 ml,
ACD-100 AnaConDa-100 ml. Full questionnaire: see Supplemental
Material

It is a limitation that this was a quality improvement pro-
ject and not a randomized controlled trial. By using a cross
over design with intra-individual comparisons, significant
differences could be demonstrated using a small number of
patients. We acknowledge that this limited number cannot
be representative for all ICU patients, so we cannot infer to
children, small adults, or those with very small tidal vol-
umes on the one hand, as far as airway resistance and carbon
dioxide retention are concerned, but neither on very large
patients with high tidal volumes, as far as anaesthetic reflec-
tion capacity is concerned.

We did not measure resistance or specifically quantify
work of breathing. But there were no increases in respiratory
rate, heart rate, or carbon dioxide concentration, nor were
there any clinical signs of dyspnoea, all of which suggest
that the work of breathing was not increased by clinically
important amounts. Consistent with this theory, ventilation
and sedation were well maintained with the ACD-50.

In this quality improvement project with a limited number
of patients, we show that reduced dead space of the ACD-50
lowered tidal volumes in spontaneously breathing patients.
The ACD-50 reflects sufficient isoflurane to provide pro-
found sedation. However, further evaluation will be neces-
sary, especially in patients requiring ventilation with either
extremely low or high tidal volumes. Furthermore, the ACD-
50s effect on work of breathing and its combination with
other volatile anaesthetics, such as sevoflurane, need to be
examined in more detail.
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