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Glottic visibility for laryngeal surgery:
Tritube vs. microlaryngeal tube

A randomised controlled trial

Johannes Schmidt, Franziska Giinther, Jonas Weber, Vadim Kehm, Jens Pfeiffer, Christoph Becker,
Christin Wenzel, Silke Borgmann, Steffen Wirth and Stefan Schumann

BACKGROUND Good visibility is essential for successful
laryngeal surgery. A Tritube with outer diameter 4.4 mm,
combined with flow-controlled ventilation (FCV), enables
ventilation by active expiration with a sealed trachea and
may improve laryngeal visibility.

OBJECTIVES We hypothesised that a Tritube with FCV
would provide better laryngeal visibility and surgical condi-
tions for laryngeal surgery than a conventional microlaryngeal
tube (MLT) with volume-controlled ventilation (VCV).

DESIGN Randomised, controlled trial.
SETTING University Medical Centre.

PATIENTS A total of 55 consecutive patients (>18 years)
undergoing elective laryngeal surgery were assessed for
participation, providing 40 evaluable data sets with 20 per
group.

INTERVENTIONS Random allocation to intubation with Tri-
tube and ventilation with FCV (Tritube—FCV group) or intu-
bation with MLT 6.0 and ventilation with VCV (MLT-VCV) as
control. Tidal volumes of 7mlkg™" predicted body weight,
and positive end-expiratory pressure of 7 cmH,O were stan-
dardised between groups.

MAIN OUTCOME MEASURES Primary endpoint was the
tube-related concealment of laryngeal structures, measured

on videolaryngoscopic photographs by appropriate soft-
ware. Secondary endpoints were surgical conditions (cate-
gorical four-point rating scale), respiratory variables and
change of end-expiratory lung volume from atmospheric
airway pressure to ventilation with positive end-expiratory
pressure. Data are presented as median [IQR].

RESULTS There was less concealment of laryngeal struc-
tures with the Tritube than with the MLT; 7 [6 to 9] vs. 22 [18
to 27] %, (P < 0.001). Surgical conditions were rated com-
parably (P=0.06). A subgroup of residents in training per-
ceived surgical conditions to be better with the Tritube
compared with the MLT (P=0.006). Respiratory system
compliance with the Tritube was higher at 61 [52 to 71]
vs. 46 [41to 51l mlcmH,O ' (P< 0.001), plateau pressure
was lower at 14 [13 to 15] vs. 17 [16 to 18] cmH,O
(P<0.001), and change of end-expiratory lung volume
was higher at 681 [463 to 849] vs. 414 [194 to 604] ml,
(P=0.023) for Tritube—FCV compared with MLT-VCV.

CONCLUSION During laryngeal surgery a Tritube improves
visibility of the surgical site but not surgical conditions when
compared with a MLT 6.0. FCV improves lung aeration and
respiratory system compliance compared with VCV.

TRIAL REGISTRY NUMBER DRKS00013097.
Published online 18 October 2019

Introduction

Laryngeal procedures pose a particular challenge both for
the anaesthetist and the surgeon. General anaesthesia is
usually employed with a secured airway for ventilation
and subsequent oxygenation, but the endotracheal tube

(E'TT) can impair visualisation of the surgical field and
hinder the operation.'™ Strategies to overcome these
competing interests include ventilation via microlaryn-
geal tubes (ML'Ts), jet ventilation and intermittent
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apnoea after removal of the ETT,” but all of these
strategies share major limitations for patient safety.
The outer diameter of MLL'Ts can still block vision and
their high artificial flow resistance may promote intrinsic
positive end-expiratory pressure (PEEP) with the risk of
dynamic hyperinflation. During jet ventilation and inter-
mittent apnoea, the trachea is open and at risk of aspira-
tion. In addition, since ventilation is poorly controlled,
there is risk of hypoventilation, desaturation and forma-
tion of atelectasis.*’

Recently a new airway device, the Tritube (Ventinova
Medical B.V., Eindhoven, The Netherlands) with an
outer diameter of only 4.4mm has been introduced
and promises better conditions for ear, nose and throat
(ENT) surgery.® The Tritube offers a sealed trachea and
fully controlled ventilation with a ventilator with ‘Expi-
ratory Ventilation Assistance’ (EVA) technology first
described by the group of Enk. Until recently only the
manually operated Ventrain ventilation device (Venti-
nova Medical B.V.) was available to exploit this technol-
ogy,’ but since 2017, an automated ventilator with EVA
technology has become commercially available (Evone;
Ventinova Medical B.V.). The new automated ventila-
tion mode was termed ‘Flow-Controlled Ventilation’
(FCV) and its first use in clinical practice has been
recently reported.'” The Tritube and Evone form a
new ventilation system that might be beneficial for
laryngeal surgery and we hypothesised that visualisation
of the larynx would be better with a Tritube. In this
randomised controlled trial, we assessed the degree of
concealment of laryngeal structures (primary endpoint)
when using a Tritube and compared this with a conven-
tional ML'T during elective laryngeal surgery. In addi-
tion, we evaluated the subjective surgical conditions and
the duration of surgery.

FCV is necessary for the use of the T'ritube and comes with
some features that differ from conventional ventilation,
the most prominent being the constant expiratory flow that
was associated with lung recruitment in healthy pigs."!
Accordingly, we also compared FCV with conventional
volume-controlled ventilation (VCV) with respect to inspi-
ratory plateau pressure (Pplat), PEEP, the Pplatand PEEP
(AP) difference, tidal volume (V7), respiratory rate, minute
volume, end-tidal CO, partial pressure (PetCO,), semi-
static respiratory system compliance (Crg) and change of
end-expiratory lung volume (AEELV).

Methods

The study was approved by our local ethics committee
(Ref: 392/17), date of approval: 18.09.2017; Ethics com-
mittee of the University of Freiburg, Engelberger Strasse
21, 79106 Freiburg, and was registered in the German
register for clinical studies (Ref: DRKS00013097) prior to
inclusion of the first patient. Written informed consent
was obtained before participation. Patients were enrolled
at the Medical Centre of the University of Freiburg,
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Germany. It was designed as a parallel arm, randomised,
controlled trial with an allocation ratio of 1:1. Randomi-
sation was carried out in blocks of 10 by a computer-
generated allocation sequence and was kept in closed
envelopes until disclosure.

Inclusion and exclusion criteria

Patients more than 18 years of age scheduled for an
elective laryngeal procedure were eligible. Exclusion
criteria were American Society of Anesthesiologists
physical status more than III, planned laser surgery,
suspected difficult airway, active implants (pacemaker,
cardioverter-defibrillator — due to interference with the
measurement of thoracic electrical impedance), chronic
obstructive airway disease (COPD) more than GOLD II

and elevated risk of aspiration.

Induction and maintenance of general anaesthesia

According to local protocols, total intravenous anaesthesia
was induced and maintained with propofol (Propofol 1%,
Fresenius Kabi, Bad Homburg, Germany; target con-
trolled infusion, effect site target concentration for induc-
tion: 6 to 8 wgml ™!, for maintenance: 3 to 5 pgml ') and
remifentanil (Remifentanil, TEVA GmbH, Ulm,
Germany; induction: 1 to 2 ugkg ', maintenance: 0.15
to 0.3 pgkg 'min~'). To standardise intubation condi-
tions, cis-atracurium (0.05 mgkg_l) was given. Norepi-
nephrine was continuously infused to maintain a mean
arterial pressure more than 65 mmHg, if necessary.

Experimental protocol

After induction of anaesthesia, the randomised allocation
to one of the two study groups (intervention or control)
was disclosed. For all patients, a videolaryngoscope (C—
MAC, KARL STORZ, Tuttlingen, Germany, Macintosh
blade #4) was used for the intubation procedure. The
patients of the intervention group (Tritube-FCV) were
intubated with a Tritube and subsequently ventilated
with FCV (Evone; Ventinova Medical B.V.). Those of the
control group (MLT-VCV) were intubated with a ML'T
with an inner diameter of 6.0 mm and an outer diameter
of 82mm (ML'T 6.0; Shiley, Medtronic, Meerbusch,
Germany) and ventilated with VCV (Primus IE; Driger
Medical, Liibeck, Germany). The cuff pressure was
adjusted to 25 to 30cmH,0. Tidal volume (7 mlkg ™'
predicted body weight) and PEEP (7 cmH,0) were fixed
for both groups. Respiratory rate was set to achieve a
PetCO; of 4.5 to 6 kPa. Respiratory data were recorded
continuously via the built-in serial interface of the respec-
tive ventilators and analysed offline.

Endpoints of the study

The primary endpoint of the study was the area of the
larynx that was concealed by the ET'T, measured on
photographs taken directly after successful intubation
with the videolaryngoscope. Dedicated software (Ima-
ge]2; National Institutes of Health, Bethesda, Maryland,
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USA) was used for the visual determination of the region
of interest, which was bordered by the epiglottis, the
aryepiglottic fold, and the interarytenoid area. Relative
concealment was defined as the percentage of the region
of interest that was concealed by the respective tube.

Secondary endpoints included an evaluation of the sur-
gical conditions rated by the EN'T surgeon on a categori-
cal four-point rating scale (poor, acceptable, good and
optimal) according to a recently suggested approach.'? In
addition, the duration of the surgical procedure was
recorded. The respiratory data were recorded continu-
ously during the procedure and were analysed with
dedicated software (MATLAB R2017b; MathWorks
Inc., Natick, Massachusetts, USA) to determine Pplat,
PEEP, AP, V, respiratory rate, minute volume, PetCO,
and Cgg calculated as V- AP~'. For each patient, a mean
of each variable was calculated and used to represent the
intra-operative value, neglecting the induction phase and
emergence from anaesthesia. Thoracic electrical imped-
ance tomography (PulmoVista 500; Driger Medical) was
used to determine the end-expiratory lung volume during
apnoea with static atmospheric airway pressure and dur-
ing the respective ventilation mode. The difference of
both values was calculated to represent the AEELV as
described previously.'® In brief, the intratidal change of
thoracic electrical impedance was adjusted to the known
Vy to calculate the respective volume change. Haemo-
dynamic variables, noninvasive measured blood pressure,

Fig. 1

heart rate and pulse oximetric oxygen saturation were
recorded every 5min and conjoined to a mean value.

Retrospectively, an exploratory subgroup analysis of the
evaluation of the surgical conditions was performed,
dividing those patients treated by residents in training
and those treated by consultants.

Statistical analysis

An a priori sample size calculation was based on previ-
ously taken videolaryngoscopic photographs that showed
a conventional MLL'T in place. For an estimated mean
reduction of concealment from 0.30 to 0.15 with an
estimated SD of 0.15, 17 patients per group would be
required to find a statistically significant difference with
an alpha error of 0.05 with a power of 0.8. T'o adjust for an
underlying non-Gaussian distribution, 15% of the total
were added, resulting in an estimated sample size of 20
patients per group.'*

Data are presented as median [IQR]. Differences
between the two groups were assessed with a Mann—
Whitney test and a x° test, respectively. Statistical sig-
nificance was defined as P less than 0.05.

Results

From 19 October 2017 to 7 May 2018, 55 patients
were assessed for enrolment, and 40 were included in
the data analysis, 20 for each group. Figure 1 shows the

Enrollment

Assessed for eligibility (n = 55)

Excluded (n =12)
* Not meeting inclusion criteria (n =2)

y

A 4

» Declined to participate (n = 4)
» Other reasons (n = 6)

Randomised (n = 43)

v

A 4

Allocated to IT-FCV group (n = 22)
* Received allocated intervention (n = 20)
« Did not receive allocated intervention
» Ventilator software malfunction (n =1)
» Tube dislocation after coughing (n =1)

Analysed (n = 20)

Allocation

Allocated to MLT-VCV group (n = 21)
* Received allocated intervention (n = 21)

A 4

Analysed (n = 20)
* Excluded from analysis
* Dataloss (n=1)

CONSORT flow diagram. FCV, flow-controlled ventilation; MLT, microlaryngeal tube; VCV, volume-controlled ventilation.
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Table 1 General and clinical characteristics and procedures for both groups

VELELI) TT-FCV, n=20 MLT-VCV, n=20
Female, n 13 9
Age (years) 54 [45 to 62] 57 [49 to 68]
Body weight (kg) 66 [61 to 73] 81 [62 to 93]
Predicted body weight (kg) 62 [56 to 66] 67 [57 to 72]
Smoker, n 9 12
Comorbidity

Cardiovascular, n 5 5

Pulmonary, n 2 8

Neoplastic, n 3 4

Alcohol abuse, n 2 3

Metabolic, n 5 3

Other, n 2 6
ASA physical status classification

I, n B 3

I, n 10 13

I, n 5 4
Mallampati classification

I, n 4 4

I, n 13 14

W, n, n 3 2
Cormack/Lehane classification (conventional)

I, n 10 12

I, n 10 7

I, n 0 1
Cormack/Lehane classification (video-laryngoscopic)

I, n 13 12

Il n 7 8

I, n 0 0
Surgical procedure

Endoscopic diagnostic biopsy, n 9 6

Excision of laryngeal lesion, n 7 7

Microlaryngeal intervention, n 4 7

Predetermined respiratory variables
VT [ml]

V7 per [mlkg™' PBW]
PEEP (cmH,0)

Anaesthetics, analgesics and NMBA
Propofol induction Ce; (ngml™")
Propofol maintenance Ce, (ugml~")
Remifent. induction (g kg")
Remifent. maintenance (p.g kg’1 min~")
Cis-atracurium (mgkg™")

447 [418 to 480] 476 [440 to 510]

7.1 [6.8 to 7.9] 7.2 [6.7 to 7.4]
7 [7 to 7] 7 [7 10 7]
7 [6 to 8] 6 [6 to 7]
4 [3 to 4] 4 [3 to 4]
1.7 [1.5 to 1.9] 1.7 [1.3 to 2.0]

0.29 [0.22 to 0.32]
0.06 [0.05 to 0.06]

0.25 [0.20 to 0.32]
0.06 [0.05 to 0.06]

Data presented as n or median [IQR]. C, target effect site concentration; FCV, flow-controlled ventilation; MLT, microlaryngeal tube; NMBA, neuromuscular blocking
agent; PBW, predicted body weight; PEEP, positive end-expiratory pressure; TT, Tritube; VCV, volume-controlled ventilation; V7, tidal volume.

CONSORT flow chart with the excluded patients. No
significant differences were noted between groups con-
cerning general and clinical characteristics (Table 1).

Concealment of laryngeal structures and assessment of
surgical conditions
Concealment of laryngeal structures by the ETT was
lower in the Tritube-FCV group compared with the
ML'T-VCV group, 7 [6 to 9] vs. 22 [18 to 27]%; P less
than 0.001; Fig. 2.

Surgical conditions of the two groups were not signifi-
cantly different, Tritube: 1/1/5/13 vs. MLT: 2/5/8/5,
(poor/acceptable/good/optimal); P=0.064. An explor-
atory subgroup analysis of ear, nose and throat consul-
tants’ assessments showed comparably perceived surgical
conditions for both groups, Tritube-FCV: 1/1/5/4 vs.
MLT-VCV: 2/2/1/3; P=0.62. The exploratory subgroup
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analysis showed that residents in-training assessed surgi-
cal conditions better for the Tritube-FCV group, com-
pared with the VCV-ML'T group, Tritube-FCV: 0/0/2/9
vs. ML'T-VCV: 0/3/7/2; P=0.0061; Fig. 3. The durations
of the procedures were comparable for both groups,
Tritube-FCV: 33 [28 to 35] vs. ML'T-VCV: 38 [28 to
45] min; P=0.31.

Respiratory variables

Compared with ML'T-VCV, Pplat was lower in the
Tritube—FCV group, [13 to 15] vs. 17 [16 to 18] cmH,0;
Pless than 0.001 (Table 2) with comparable V,and PEEP
(Table 1). AP was lower, 7 [7 to 8] vs. 10 [9 to 11] cmH,0O;
P less than 0.001, Crg was higher, 61 [52 to 71] vs. 46 [41
to 511 mlemH,0~'; P less than 0.001, and AEELV was
higher, 681 [463 to 849] vs. 414 [194 to 604] ml; P =0.0228
in the Tritube-FCV group (Fig. 4). Respiratory rate, 10
[8 to 11] vs. 12 [11 to 12] min~ ', P less than 0.001, and
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Fig. 2
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Representative videolaryngoscopic photographs of a Tritube with an outer diameter of 4.4 mm (a) and a microlaryngeal tube with an outer diameter
8.2mm (b) after endotracheal placement. Dashed lines indicate defined total laryngeal areas, dotted lines indicate concealed areas; (c) concealment
of laryngeal structures for the study groups as boxplot, indicating median, interquartile range and full range.

minute volume, 4.7 [4.2 t0 5.2] vs. 5.3 [4.7 t0 5.6] Imin ™ };
P=0.029 were lower in the Tritube-FCV group, while
PetCO,, 4.9 [4.6 to 5.2] vs. 4.9 [4.7 to 5.2] kPa; P=0.76,
was comparable for both groups. A summary of the

collected respiratory and haemodynamic data can be
found in Table 2.

Discussion

"This randomised controlled trial was intended to com-
pare two major aspects of two different ventilation
systems. These were the differences in laryngeal con-
cealment of the two airway devices and the surgical
conditions for laryngeal surgery, and the comparison of
two ventilation modes during mandatory intra-operative
ventilation. The Tritube concealed fewer laryngeal struc-
tures than the ML'T 6.0 but did not improve the surgical
conditions and the duration of surgery. Concerning ven-
tilation, electrical impedance tomography measurements
revealed enhanced lung aeration during FCV, as indi-
cated by an elevated AEELV with comparable PEEP.
Consequently, Crg was higher during FCV resulting in a
lower Pplat and a lower driving pressure in the FCV
group, compared with VCV.

Comparison of airway devices

To overcome the challenge of the shared airway the
preference of the anaesthetist would be a sealed trachea
during upper airway surgery, but the surgeon would opt
for the least interfering airway device. A Tritube in
combination with FCV might unite the competing inter-
ests of both parties. The cuff of the Tritube can be
inflated during the entire surgical procedure to prevent
aspiration of blood and secretions while the tube’s outer
diameter of 4.4 mm conceals fewer laryngeal structures
than a conventional MLL'T, as demonstrated by our objec-
tive measurements. However, enhanced visibility did not
necessarily lead to improved surgical conditions in this
study, as the subjective assessment of the surgical con-
ditions demonstrated. Although there were more surgical
interventions in the Tritube-FCV group rated with opti-
mal surgical conditions, this effect was mainly caused by
the perception of a subgroup of surgeons with a lower
level of expertise. Apparently, residents in training eval-
uate the smaller outer diameter of the Tritube as better
for surgical conditions while experienced surgeons do not
feel limited by a conventional ML'T. An MLL'T with an ID
of 6mm is our standard airway device for laryngeal
surgery as recommended recently,® and our local EN'T

Eur J Anaesthesiol 2019; 36:963-971
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Fig. 3
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Subjective evaluation of surgical conditions on a four point rating scale for total study cohort (a), for patients treated by ear, nose and throat
consultants (b), and for patients treated by ear, nose and throat residents in training (c). A x* test was used to determine a P value. MLT,

microlaryngeal tube, inner diameter 6.0 mm.

consultants are accustomed to it; this fact might have
contributed to our results. Since the sample size calcula-
tion was based on the primary endpoint, a larger study
might reveal a significant improvement in surgical con-
ditions or the duration of the procedure, both found to be
comparable in our study.

However, visibility of laryngeal structures is not only
determined by the tube used. Laryngeal exposure is
influenced by a multitude of factors, including limited
neck extension, the neck circumference and mouth
opening. In addition, there are individual differences
in the performance of laryngoscopy. For this study,
two anaesthetists performed laryngoscopy for ecach
patient trying to achieve best visualisation after the
intubation procedure. The distribution of the Cor-
mack/Lehane grades was comparable for both study
groups, indicating that laryngeal exposure did not influ-
ence the study results. In addition, the distance and the
angle of the ETT to the camera lens will have a major
influence on visibility, even with a Cormack/L.ehane
grade I view on the vocal cords. As described in a previous

Eur J Anaesthesiol 2019; 36:963-971

study,'” a Tritube is extremely flexible, hence optimal
bending and positioning of the tube in relation to the
camera lens might have been easier to achieve. This
supposed simple positioning for optimal exposure also
might explain why residents in training perceive a T'ri-
tube as beneficial.

In summary, our results reflect the multidimensional
influences on laryngeal visibility and demonstrate that
enhanced visibility does not necessarily lead to improved
surgical conditions, at least in a cohort without antici-
pated difficult airway.

However, one might speculate that in patients with a
difficult airway, surgical conditions might be substantially
improved by a thinner tube. Therefore, specific clinical
trials are needed to examine the possible benefits of a
Tritube as an airway device in particular clinical situa-
tions such as difficult airway.

Comparison of ventilation modes
Controlled ventilation with the Tritube necessarily
required a new ventilation mode, FCV. To test for any
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Fig. 4
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end-expiratory lung volume for volume-controlled ventilation and flow-controlled ventilation. Boxplots indicate median, interquartile range and full
range. Outliers indicated by black crosses and defined as data points outside median + 1.5 interquartile range.

potential shortcomings of FCV, this study was designed
not only to compare two airway devices but also to
compare two ventilation modes. The Tritube/FCV ven-
tilation system is close to conventional ventilation regard-
ing a sealed upper airway and alternate inspiration and
expiration. In addition, FCV is closer to VCV since both
modes use a constant inspiratory flow, in contrast to
pressure-controlled ventilation. Hence, the comparison
of Tritube/FCV with MLT/VCV seemed to be an
appropriate approach.

Crs was better during FCV compared with VCV, in
agreement with several studies that demonstrated the

Table 2 Intra-operative respiratory and haemodynamic variables
for both groups

Variable TT-FCV MLT-VCV P value
AP (cmH,0) 7 [7 to 8] 10 [9 to 11] <0.001
Pplat (cmH,0) 14 [13 to 15] 17 [16 to 18] <0.001
Crs (mlcmH,0O ") 61 [62 to 71] 46 [41 to 51] <0.001
MV (Imin~") 4.7 [4.2 t0 5.2] 5.3 [4.7 to 5.6] 0.029
RR (min~") 10 [8 to 11] 12 [11 to 12] <0.001
PetCO, (kPa) 4.9 [4.6 to 5.2] 4.9 [4.7 to 5.2] 0.76
Mean NiBP (mmHg) 76 [69 to 86] 82 [76 to 87] 0.11
HR (min~ ") 55 [50 to 63] 62 [54 to 67] 0.10
SpO, (%) 99 [99 to 100] 99 [99 to 100] 0.57

Data presented as median [IQR]. AP, difference of plateau pressure and positive
end-expiratory pressure; Crg, respiratory system compliance; FCV, flow-con-
trolled ventilation; HR, heart rate; MLT, microlaryngeal tube; MV, minute volume;
NiBP, noninvasive measured blood pressure; PetCO,, end-tidal carbon dioxide
partial pressure; Pplat, plateau pressure; RR, respiratory rate; SpO,, oxygen
saturation; TT, Tritube; VCV, volume-controlled ventilation.

beneficial effects on respiratory system variables'>'® and

gas exchange'™'” of a ventilation mode with a linear
decline in airway pressure during expiration compared
with passive expiration. The constant deflation of the
lung tissue seems to attenuate intratidal derecruitment as
indicated by the elevated AEELV. Consequently, Cgg is
improved which in turn leads to a decrease of Pplat and
AP. This is the first study to describe this effect of a
constant expiratory flow on EELV and Cgs.

The ventilation settings of this study reflect our current
ventilation standard and it was chosen according to
recently published clinical reviews on intra-operative
lung protective ventilation with low tidal volume and
moderate PEEP."®! These ventilation settings influ-
ence the respiratory system and different settings may
produce different results. However, we feel confident
that the chosen settings represent common clinical prac-
tice. In addition, there were no relevant differences
concerning the ventilation settings between the study
groups, hence we can attribute the observed results to the
ventilation mode in use.

Limitations of the study

The primary endpoint was chosen because it allows for
objective and standardised measurements. One could
argue that enhanced laryngeal visibility due to a smaller
tracheal tube diameter is a rather obvious consequence,
but it is not the only factor influencing laryngeal visibility,

Eur J Anaesthesiol 2019; 36:963-971
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and seeking an objective measurement seemed an
appropriate approach.

The apparent differences in the tubes did preclude
a blinded analysis of the laryngoscopic photographs.
Hence, a bias due to nonblinding cannot be excluded.

Some clinicians may prefer a smaller ML'T or jet venti-
lation for laryngeal surgery and interventions.”™*! How-
ever, in our institution jet ventilation is available for
special cases and the local standard for anaesthesia is
conventional ventilation via an ML'T" 6.0. Our findings
concerning laryngeal visibility and surgical conditions
may be less pronounced if an ML'T with a smaller
diameter was used.

The level of neuromuscular blockade may also affect the
rating of surgical conditions during laryngeal surgery.'?
Since we did not quantify the level of neuromuscular
blockade, we cannot exclude this influencing our obser-
vations. However, with respect to the individual dosing
based on the predicted body weight (Table 1) and the
pharmacokinetics of cis-atracurium with an organ-inde-
pendent metabolism, we think it justified to assume there
were comparable levels of neuromuscular blockade for
both study groups.

There are differences between FCV and conventional
ventilation, which are described in detail elsewhere.'®
Prominent among these is the tracheal pressure measure-
ment during FCV, whereas for conventional ventilation,
the measured airway pressure represents the pressure at
the Y-piece. However, during zero flow conditions, the
pressure is equal throughout the whole respiratory system
including the ventilator circuit. For this reason, Pplat was
determined after an end-inspiratory occlusion during zero
flow conditions for both groups to enable a correct deter-
mination of the semi-static Crg. With regard to the
expiratory phase of FCV, PEEP might be underesti-
mated because there is no end-expiratory occlusion for
the correct determination.?’ However, based on the
known (end-) expiratory flow and the assumption of a
normal mean airway resistance of the bronchial tree,*” the
error can be approximated as 0.3 cmH,0, which seems
clinically irrelevant. In addition, an underestimated
PEEP would mathematically imply an even higher
CRrs, as AP would then be even lower. When the pub-
lished work on ventilation with a linear decline in airway
pressure is taken into account, this study is in agreement
with previous results.'>!® Furcthermore, the risk of devel-
oping intrinsic PEEP was lower when using an active
expiratory support system (as with FCV) compared with
conventional ventilation via a ML'T in a lung model
study.?* However, since intrinsic PEEP was not assessed
in this study, we cannot completely exclude some poten-
tial influence of intrinsic PEEP on the results.

We noticed comparable PetCO, combined with a lower
minute volume due to a lower respiratory rate in the
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Tritube-FCV group. According to the study protocol,
respiratory rate was continuously adjusted to the PetCO5.
Due to the small ID of Tritube, artificial dead space is
substantial lower compared with the MLT. During
mechanical ventilation with a steady state CO,, reduced
dead space ventilation will increase alveolar ventilation
which in turn leads to improved CO, clearance. However,
for an unequivocal interpretation of gas exchange, arterial
blood samples for determination of the partial pressures
of O, and CO, would be necessary. A previous study in an
animal model demonstrated improvements concerning
gas exchange during FCV and several underlying mech-
anisms were proposed.'! Since arterial blood gases were
not determined for this study, the interpretation of gas
exchange is limited. In addition, the lower respiratory
rate will necessarily lead to differences of the inspiratory
and expiratory times, which again will lead to differences
in the inspiratory and expiratory flow. For our study it is
possible that these differences will have influenced the
results. However, the suspected underlying mechanism
for the observed improvements is the constant expiratory
flow. The reduced respiratory rate might have addition-
ally emphasised the already existing differences of the
expiratory flow.

One patient in the Tritube-FCV group was excluded due
to a software malfunction and failure of the ventilator.
The Tritube was removed, the patient was reintubated
and ventilated with standard equipment. The study was
interrupted until a software update for the ventilator
solved this issue. However, the Evone ventilator is still
a new device on the market and judgement on ventilator
performance and potential complications might be
too early.

Another patient in the Tritube -FCV group was excluded
following a tube displacement due to coughing. In a
previous study, this specific risk of the Tritube was
addressed.’” The high artificial flow resistance of the
T'ritube may lead to a disproportionate build-up of pres-
sure in the trachea after a thoracic contraction which in
turn might cause a tube to displace. Anaesthetists who
employ the Tritube should be aware of this increased
risk, especially for prolonged procedures with COPD
patients in whom substantial secretions might add to
the airway resistance.

Finally, specific clinical trials are needed to determine
any possible benefits of a Tritube over a jet ventilation
catheter.

Conclusion

The combination of a Tritube and FCV poses a new
option for anaesthesia for laryngeal procedures. Although
there are benefits in better visualisation of the surgical
field, conditions for surgery are not improved in patients
with an easy airway. The ventilation mode FCV enhances
lung aeration and consequently improves Crg.
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