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Abstract

Background: Due to loss of functional residual capacity, morbidly
obese patients are threatened by hypoxemia during anesthesia
induction. To prevent hypoxemia, optimal preoxygenation is
mandatory for safe anesthesia induction in morbidly obese patients.

The aim of this study was to assess the effect of three different
preoxygenation procedures in this patient group. Secondary objective
was to investigate, if extension of preoxygenation time from 3 minutes
to 5 or 7 minutes leads to increased oxygen partial pressure levels.

Methods: 33 morbidly obese patients undergoing laparoscopic
bariatric surgery were randomly assigned to receive one of the
following preoxygenation procedures for seven minutes: high flow
heated humidified nasal oxygen (HFHHNO), continuous positive airway
pressure (CPAP) or oxygen insufflation via a face mask (STAND) which is
the standard procedure for preoxygenation. Repetitive arterial blood
gas analysis at 0, 1, 3, 5, 7 and 8:30 minutes were used to monitor the
arterial oxygen partial pressure (PaO2).

Results: From homogenous median PaO2 baseline values
(STAND 88 mmHg, CPAP 87 mmHg, HFHHNO 77 mmHg) the PaO2
values of all three groups increased significantly within one minute of
preoxygenation. After three minutes of preoxygenation, the STAND-
group reached a median arterial oxygen partial pressure level of 337
mmHg (25% quartile: 295 mmHg/75% quartile: 390 mmHg), the CPAP
group of 353 mmHg (293 mmHg/419 mmHg) and the HFHHNO-group of
380 mmHg (339 mmHg/443 mmHg). Irrespective of the preoxygenation
method, arterial oxygen partial pressure did not reach significantly
higher levels at any time compared with the 3 minute mark.

Conclusions: Standard preoxygenation was inferior in terms
of sustained arterial oxygen partial pressure. High flow heated
humidified nasal oxygen could provide a rapid, safe and easy to use
preoxygenation prior to general anesthesia and arterial oxygen partial
pressure might be higher after HFHHNO preoxygenation compared to
standard or CPAP breathing.

Background

World Health Organization estimates that more than 300 million
people are affected by the so called “globesity epidemic” [1]. Bariatric
surgery is effective to lose weight, improve comorbidities and prevent
secondary organ failure [2].

Relevant anesthesiological considerations have to be taken
into account when performing anesthesia for bariatric surgery.
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Morbidly obese patients have a reduced functional residual capacity
with consecutive increased incidence of atelectasis and ventilation
perfusion mismatch leading to hypoxemia by shunting [3-7].
Preoxygenation is of distinguished interest in morbidly obese patients
to enhance the safety margin for induction of general anesthesia
and placement of the endotracheal tube. To prevent pulmonary
aspiration, general anesthesia induction for morbidly obese patients
is used to be performed as rapid sequence induction [8]. However
there is an ongoing debate if RSI in fastened, elective patients morbid
obesity without predictors of difficult airway is justified by the
present evidence [9]. Compared to non-obese patients, face mask
ventilation and endotracheal intubation are more frequently difficult,
time consuming, and establishing an endotracheal airway requires
more often fiber optic intubation [7,9-12]. In this context, an ideal
preoxygenation to extend apnea tolerance during anesthesia induction
is essential to avoid live threatening airway incidents. Continuous
positive airway pressure (CPAP) applied for preoxygenation leads
to reduced atelectasis formation and prolonged duration of non-
hypoxic apnea in both, obese and non- obese patients by increasing
the pulmonary oxygen reserves [13-15]. A precluding factor to use
face mask CPAP ventilation for preoxygenation ahead of bariatric
surgery could be the close fitting of the CPAP face mask, which is
basically necessary and might negatively interfere with preexisting
anxiety disorders like claustrophobia occurring in many patients with
morbid obesity [16,17].

A recent study showed, that nasally given high flow heated
and humidified oxygen (HFHHNO) might also provide a CPAP
level that is related to the grade of mouth opening [18]. This highly
mobile technical solution is easy to use and less unpleasant than
face mask CPAP. However HFHHNO has never been studied for
preoxygenation purposes in morbidly obese patients. The aim of this
study was to assess arterial oxygen partial pressure (PaO,) at defined
time points during the preoxygenation in morbidly obese patients,
compared between high flow heated humidified nasal oxygen versus
preoxygenation with face mask continuous positive airway pressure
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(CPAP) and standard preoxygenation with oxygen insufflation
via face mask (STAND) over at least seven minutes duration in a
randomized controlled study. As secondary objective, we addressed
the issue whether prolonged preoxygenation of five or seven minutes
leads to increased PaO, levels in morbidly obese patients.

Patients and Methods

After obtaining institutional research ethics board approval
from the University Hospital of Erlangen- Nuremberg and written
informed consent, 33 consecutive morbidly obese patients scheduled
for laparoscopic bariatric surgery in the University Hospital Erlangen
and the associated teaching Community Hospital Schwabach were
recruited to the study (identifier: German Clinical Trial Register
No.: drks00005475). All study patients were scheduled for elective
bariatric surgery which implicates a BMI of at least 35 kg/m* when
obesity related comorbidities are preexisting or a BMI of 40 kg/m*

when comorbidities are absent.

. o . . Figure 1a: lllustration of the setup for standard oxygen insufflations.
Exclusion criteria were any acquired or congenital severe

pulmonary disorder leading to continuous need of supplemental
oxygen. Severe psychiatric disorders or language barrier making
informed consent impossible or previously confirmed or assumed
difficult airway were further exclusion criteria.

The patients were randomly assigned to the three preoxygenation
groups: standard preoxygenation via a face mask (STAND-group),
CPAP preoxygenation (CPAP-group) and high flow heated
humidified nasal oxygen (HFHHNO-group). Randomization and
assignment to the groups were carried out by the study coordinator
using drawing lots.

STAND-group

Standard preoxygenation was performed by oxygen insufflation Figure 1b: lllustration of the setup for face mask continuous positive airway
via a face mask using the standard anesthesia ventilators of the pressure=(CRAP) breathing:
institutions with 100% oxygen flow of 12 liter/minute. Figure 1A
illustrates the setup for standard preoxygenation.

CPAP-group

Face mask CPAP ventilation was applied from a mobile intensive
care unit ventilator (Oxylog™ 3000, Drager® Liibeck, Germany) using
a pressure level of 7cm H,O and a FiO, of 1.0. Figure 1B illustrates the
setup for CPAP breathing.

HFHHNO-group

High flow heated (34 °C) and humidified nasal oxygen is given
with the OptiFlow System (Fisher & Paykel® Aukland New Zealand)
using a flow of 50 liter/minute and an inspiratory oxygen fraction
(FiO,) of 1.0. Patients in our study were asked not to speak during
anesthesia induction and keep the mouth closed. Figure 1C illustrates
the setup for HFHHNO breathing.

At both locations, the study was performed by the same
investigators.

Preoperative phase

Preoperative anesthesia assessment was provided according to the
standard operating procedures (SOP) for bariatric surgery. To assess
the risk of difficult airway situations the patients were asked to open Figure 1c: lllustration of the setup of high flow heated humidified nasal
their mouth and visibility of the soft palate was scored using the four- oxygen (HFHHNO) breathing.
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scale Mallampati classification. Mallampati 4, as well as a history of
difficult airway would have led to exclusion of the study. In line with
the existing SOP, benzodiazepines for premedication were avoided.
According to the SOP every patient undergoing bariatric surgery is
treated like having a sleep apnea syndrome. Testing for sleep apnea
syndromes like polysomnography or STOP BANG questionnaire was
not part of the clinical routine nor was it part of the study measures. As
part of the preoperative study preparation, a spirometric test to assess
functional vital capacity (FVC) and the Tiffenau index (FEV1/FVC)
was performed using the USB Spirobank (MIR Medical International
Research, Waukesha, USA). The results were adjusted to age, height,
gender and finally given as relative values to the standard normative
values which were stored in the internal database of the spirometer.

Anesthesia induction

Standard monitoring including pulse oximetry (SpO,), 5-lead
ECG and non-invasive blood pressure was applied for all patients. In
our institution, arterial catheterization before anesthesia induction is
part of the standard approach for induction of general anesthesia for
bariatric surgery. According to the SOPs, patients were positioned in
30° head up. After local anesthesia, catheterization of a radial artery
was performed. Simultaneously to the arterial blood gas samples, the
SpO,-values of the patients were recorded. The first arterial blood gas
(ABG) analysis and SpO,-value were recorded while the patient was
breathing room air. The flow chart of all study measures is shown in
Figure 2.

1-2 ug/kg total body weight fentanyl was administered five
minutes after starting preoxygenation. After seven minutes of
preoxygenation, induction of anesthesia was performed as rapid
sequence induction (thiopentone 5 mg -7.5 mg per kg lean body
weight; suxamethonium 1 mg per kg total body weight). As the
choice of neuro-muscular blocking agent for RSI in overweight
patients influences the desaturation [19], suxamethonium was the
mandatory agent in this study. In three cases (1x STAND group, 2x
CPAP group) specific contraindications of suxamethonium lead to
the use of rocuronium.

After loss of consciousness the face masks of CPAP and STAND
group were removed, whereas the HFHHNO nasal cannula was left
in position and the patients of all three groups were intubated. After
intubation at 8:30 min the last ABG sample was taken before the
mechanical ventilation started.

Statistics

The ABG samples were analyzed immediately with a point of care
blood gas analyzer (ABL 800, Radiometer®, Denmark) to avoid any
falsification by delayed analyses.

Patient data as well as the ABG results were transferred into an
Excel (Microsoft® Redmond, USA) database. Statistica (StatSoft®
Tulsa, USA) was used for further statistical processing. Statistical
testing was performed using Wilcoxon test, Man-Whitney-U test and
Chi-square test. Statistical significance level was assumed for p values
lower than 0.05. To avoid time series alpha error accumulation by
comparing the PaO, values at different time points, the significance
level was corrected with the Bonferroni method to p<0.01 if
appropriate.

Ahead of starting the study a sample size calculation based on
a pilot trial with four patients undergoing standard preoxygenation
was performed. The mean PaO, of these patients with standard
preoxygenation was approximately 300 mmHg with a standard
deviation of 80 mmHg. To achieve an adequate elongation of safe
apnea margin with the two devices a mean PaO, of 400 mmHg was
assumed for the sample size calculation. Given means of PaO, with
300 and 400 mmHg and a standard deviation of 80 mmHg, an alpha
error of 5% and a power of 0.8 the sample size calculation revealed a
minimum sample size of 11 patients.

Results

The detailed characteristics of the 33 participants are listed in
Table 1. As the CPAP- and the HFHHNO-intervention group had
an equal gender distribution (4 female (33%), 7 male (67%)), the
STAND-Group included predominately female patients (10 female
(91%), 1 male (9%)). This is due to the randomization irrespective of

*Standard Monitori con *iv anesthetic
Aol topioid | LA
*Arterial catheterization
*Ramped position ! ! ! !
ABG A% ABG .B* | ABG,C" | ABG,.D*| ABG ,E%| ABG,F©

1:00

3:00

Preparation

Preoxygenation

Intubatiol> \"f:ntilalim>

Figure 2: Flowchart of the study measurements.
ABG: Arterial Blood Gas; NMBA: Neuro-muscular Blocking Agents
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Figure 3: Course of the arterial oxygen partial pressure values of the three preoxygenation groups given as median, 25% quartile and 75% quartile.

gender. Over all, the study cohort consists of 15 male (45%) and 18
(55%) female patients. BMI was not significantly different between
the three groups. ASA physical health status showed no significant
differences between the STAND-group: ASA Il n=4, ASA Il n=7, the
CPAP-group: ASA II n=3, ASA III n=8 and the HFHHNO-group:
ASA TI n=6, ASA III n=5. The visibility of the soft palate of all patients
was categorized Mallampati I or Mallampati II.

The results of the preoperative spirometry are given in Table 1.
The FVC of the STAND group is significantly higher than those of
the CPAP group (96% vs. 84%; p=0.03) and by trend higher than
the HFHHNO group (96% vs. 83%; not significant). Either the
spirometry results of the CPAP and the HFHHNO group nor those
of the STAND or the HFHHNO group showed any statistically
significant difference.

The course of the arterial oxygen partial pressure (PaO,) is shown
in Table 2 and Figure 3.

In the STAND-group the PaO, levels increased significantly
from 0 min to 1 min (p=0.003). From 1 min to 3 min and from 3
min to 5 min the oxygen partial pressure increased without reaching
statistical significance. From 5 min to 7 min and from 7 min to 8:30
min the PaO, levels decrease significantly. The median saturation

of patients in the standard preoxygenation group at 0 min was 98%
and increased to 100% after 1 min, 3 min, 5 min and after 7 min of
standard preoxygenation. The median saturation after the intubation
at 8:30 min was still 100%.

PaO, values of the patients in the CPAP-group showed a
significant increase from 0 min to 1 min (p=0.003) and from 1 min
to 3 min (p=0.05). From 3 min to 5 min the PaO, decreases and
rises again from 5 min to 7 min but without reaching statistical level
respectively. The drop of PaO, between 7 min and 8:30 min (p=0.004)
is statistically significant. The median saturation course in the CPAP
group presented as follows: 96 % at 0 min, increase to 100 % after 1
min, 3 min, 5 min, and after 7 min and 99% after the intubation at
8:30 min.

The HFHHNO-group showed the following course of PaO,
values: Significant increase from 0 min to 1 min (p=0.003), slight
increase from 1 min to 3 min, from 3 min to 5 min and a decrease
from 5 min to 7 min and a significant drop from 7 min to 8:30 min
(p=0.007). The median oxygen saturation in patients receiving high
flow heated humidified nasal oxygen was at the baseline 98%, and
after 1 min, 3 min, 5 min and 7 min median pulsoxymetric oxygen
saturation was 100% and it was still 100% after the intubation at 8:30
min.
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Table 1: Demographic data of the study cohort: Data is given as median (25% quartile; 75% quartile) and absolute numbers.

Height [cm] Weight [kg] BMI [kg/m?] Age [years] Male / female FVC [%] FEV1/FVC [%]
STAND 166 (161; 170) 130 (125; 142) 46 (43; 50) 47 (40; 50) 1/10 96 (83; 110)* 96 (84; 101)
CPAP 173 (168; 178) 164 (140; 186) 51 (48; 60) 43 (38; 53) 714 84 (69; 93)* 107 (97; 110)
HFHHNO 177 (169; 184) 169 (138; 187) 52 (46; 60) 41 (31; 45) 714 83 (69; 94) 92 (86; 105)
STAND: Standard Group; CPAP: Face-Mask CPAP Group; HFHHNO: High Flow Heated and Humidified Nasal Oxygen
*indicates a significant difference, p<0.05
Table 2: Course of PaO, levels: Arterial oxygen partial pressure given as median (25% quartile; 75% quartile) in mmHg.
Room air 1 min 3 min 5 min 7 min 8:30 min
STAND 87 (79; 90) 346 (268; 358) 337 (295; 390) 335 (292; 389) 315 (278; 362) 270 (242; 289)
CPAP 88 (70; 105) 331 (268; 368) 353 (293; 419) 336 (303; 398) 373 (305; 424) 237 (156; 293)
HFHHNO 77 (68; 81) 365 (306; 404) 380 (339; 443) 406 (362; 446) 405 (326; 460) 381 (247; 382)

STAND: Standard Group; CPAP: Face-Mask CPAP Group; HFHHNO: High Flow Heated and Humidified Nasal Oxygen

In the STAND-group, the PaO, values reached a peak after one
minute of preoxygenation and slightly decreased at the following
time points. Whereas the highest PaO, values of the CPAP-group
are reached after seven minutes of preoxygenation, the peak of the
HFHHNO-group was at five minutes but with no clinical difference
to the seven minutes value.

The rise from 1 min to the peak of the PaO, values did not reach
statistically significant levels in any of the preoxygenation groups.

Before the preoxygenation procedure, the baseline oxygen levels
of the three groups are comparable. The differences between the
oxygen partial pressure of the three groups were also not statistically
different after one minute of preoxygenation. After 3 min of
preoxygenation, the HFHHNO-group has the highest PaO, value
compared with the CPAP-group and the STAND-group, but the
p-values are under the preassigned significance level. The superiority
of continuous positive airway pressure preoxygenation (CPAP-
group) compared with a standard preoxygenation setting (STAND-
group) did also not reach statistically significant levels after 3 min.
After 5 min of preoxygenation patients of the HFHHNO-group had
a significant higher PaO, value compared with the STAND-group
(p=0.048). The difference between the HFHHNO-group and the
CPAP-group does not reach the preassigned statistical significance
level as well as the difference between the CPAP-group and the
STAND-group. At 7 min the HFHHNO-group reached significantly
increased PaO, values compared with the STAND-group (p=0.023).
The difference between the HFHHNO-group and the CPAP-group is
not statistically significant, as well as the difference between CPAP-
group and STAND-group. After 8:30 min patients of the HFHHNO-
group still had an increased PaO, value compared with the CPAP-
group (p=0.49) and the STAND-group (p=0.25) but the difference
was not statistically significant. The difference between CPAP-group
and STAND-group is also not statistically significant (p=0.39).

Except the basic PaO, value at 0 min, patients of the HFHHNO-
group had the highest PaO, values at any time.

Adverse events

During anesthesia induction, no adverse event necessitating
study exclusion was reported. The 30° head up position had no effect
on the hemodynamics and none of the patients needed vasopressor
support during the study phase of preoxygenation and intubation.

Prior to the realization of the study, epistaxis was expected to be
a possible complication of high flow heated humidified nasal oxygen
application. However, epistaxis did not occur during the intervention
period. Despite regurgitation and aspiration of gastric content is
a widely feared but rare complication [20] of face mask- CPAP
ventilation, it did not occur in any of the study patients.

Discussion

The results of this study show that preoxygenation with high
flow heated humidified nasal oxygen provides significantly increased
arterial oxygen partial pressure levels compared with the standard
preoxygenation procedure in morbidly obese patients. To our
knowledge, this novel method of preoxygenation and its use in
morbidly obese patients has never been reported before. Several
methods to improve preoxygenation in morbidly obese patients have
been reported through the last years. 25° head up positioning achieves
23% longer sustained arterial oxygen tension level in morbidly obese
patients [21]. Laryngeal mask airway prior to laryngoscopic guided
intubation showed beneficial effects to overcome the apnea period
[22,23]. While the benefits of noninvasive positive airway pressure
(CPAP) ventilation in morbidly obese patients are well known
[13,14,24,25], there is no widespread use in clinical routine, mainly
because a non-invasive ventilation CPAP mode is currently not part
of the most standard anesthesia ventilators [26].

Our results demonstrate that high flow heated humidified nasal
oxygen compared with CPAP could provide comparable or even
better oxygen partial pressure levels.

Previous studies report of a sustained superiority of face mask
CPAP ventilation compared with standard preoxygenation [13]. In
our study CPAP preoxygenation showed no statistically significant
increase compared to the STAND group.

High flow heated humidified nasal oxygen led to a trend
providing higher oxygen partial pressure values than CPAP
breathing. A possible explanation for this result might be less dead
space ventilation of the OptiFlow™ System compared with a face-
mask CPAP system. However based on our data we could only find
that HFHHNO preoxygenation tends to result in higher PaO, values
compared with face-mask CPAP preoxygenation. Irrespective of the
preoxygenation mode it is remarkable that arterial oxygen partial
pressure is not constantly increasing. In the STAND-group, the PaO,
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peak level was even reached after one minute of preoxygenation. The
apparent explanation seems to be that early formation of oxygen
induced resorption atelectasis [27]. However, recently published
studies show, that neither a higher oxygen fraction of inspired
oxygen during anesthesia induction nor the oxygen fraction during
the mechanical ventilation during the operation has influence on the
functional residual capacity of the lung [28,29]. Therefore, there might
be a specific explanation related to the patient group characteristics,
as a potentially higher susceptibility for atelectasis.

After cessation of preoxygenation and endotracheal intubation,
sustainment of PaO,-levels in the HFHHNO-group was more
prolonged when compared to the CPAP- and the STAND-group.
Higher PaO, levels at 7 minutes in the HFHHNO-group might be
causative for this result. In the study setting, all preoxygenation
devices were removed after loss of consciousness in all three groups.
To take full advantage of the OptiFlow™ system, it is conceivable
to leave the system in place during the laryngoscopy for apneic
oxygenation. In contrast, face masks for CPAP breathing and oxygen
insufflation have to be removed to get access to mouth for endotracheal
intubation. Ramachandran and colleagues demonstrated that apneic
oxygenation using nasally placed oxygen insufflation catheder results
in a significantly longer duration of SpO, values higher than 95% as
well as a higher minimum of SpO, during prolonged laryngoscopy in
morbidly obese patients [30].

However, when using the HFHHNO device there is no control
of the effectively provided positive airway pressure. This might limit
the estimation of the potential for protection of atelectasis as well as
the clinical effect. The positive airway pressure with this device highly
depended on the cooperation of the patient to close the mouth in an
appropriate way.

Postoperative hypoxemia due to apnea-hypopnea syndrome is a
feared postoperative complication of patients suffering from morbid
obesity [31,32]. Compared to CPAP-application, the OptiFlow™
system could easily be used for transfer to the postoperative care
unit and during postoperative care without providing an additional
ventilator. Postoperative HFHHNO could probably prevent from
hypoxemia in patients suffering from apnea-hypopnea syndrome
by providing continuous positive airway pressure similar to other
CPAP- breathing methods [33].

Limitations

Our study has certain limitations. Randomization of our study
led to a non-balanced gender distribution especially in the standard
group. As there is little knowledge addressing gender differences in
preoxygenation of morbidly obese patients no estimation could be
made regarding the impact to the results. However preoperative
spirometry shows better results in the STAND group (1 male,
10 female patients) which might be caused by the more gluteal fat
distribution in female patients. Regarding age, ASA score, BMI and
basic oxygen partial pressure value the groups showed no significant
differences.

An investigator controlled assignment of the patients might
have resulted in more homogenous patient groups, but bears a latent
risk of investigator triggered bias. In favor of avoiding such a bias,
the randomized design was chosen, but taking gender imbalance

into account. The induction of atelectasis by using a FiO, of 1.0 is
controversially discussed in the literature [27]. Probably the use
of FiO, 1.0 in our study might have led to increased formation of
resorption atelectasis even in the short preoxygenation time, and the
use of a lower FiO, for example 0.8 might have led to other results.
A higher adjusted CPAP level of more than 10 cm H,O in the CPAP
group might also have changed the results. However we adjusted the
CPAP level at 7 cm H,O cm because the HFHHNO device is reported
to achieve CPAP levels of 5-7 cm. In favor of a better comparability
between the CPAP and the HFHHNO group and a better tolerance
of the face mask by the patients we decided to adjust the CPAP level
at7cm HO.

Conclusions

However, high flow heated humidified nasal oxygen is a suitable
and easy to use method to improve preoxygenation in morbidly
obese patients compared with face mask CPAP breathing. The course
of Pa0, levels is superior to those of the CPAP- and the STAND-
groups during the whole preoxygenation procedure and after the
intubation. As the open system of the OptiFlow™ device does not
require close fitting CPAP face mask, high flow heated humidified
nasal oxygen must not be removed for intubation and might allow
apneic preoxygenation during laryngoscopy. In case of regurgitation,
the mouth and pharynx is easily accessed.

As a main result, in our patient collective, irrespective to the
method of preoxygenation, an extended preoxygenation time
longer than three minutes did not substantially increase (CPAP and
HFHHNO-group) or decreases (STAND) arterial oxygen levels.
Taking the results of this study into account, high flow heated
humidified nasal oxygen using the OptiFlow™ system presented
the highest paO, values and tended to result in higher PaO, levels
compared with CPAP ventilation.
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