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Introduction

Respiratory management during general anesthesia aims 
to safely secure the airway and maintain adequate ventila-
tion for delivering oxygen to the vital organs, maintaining 
homeostasis even during surgery. Despite its clinical impor-
tance, anesthesiologists often encounter difficulties in prop-
erly managing respiration during the perioperative period, 
leading to severe respiratory complications. In this year’s 
JA symposium held on Friday, June 9 at the JSA Annual 
Meeting 2017, 5 editorial board members of Journal of 
Anesthesia (JA)––Drs. Yamakage (Sapporo), Hashimoto 
(Kyoto), Hirota (Hirosaki), Asai (Koshigaya) and Isono 
(Chiba)––discussed perioperative respiratory complications 
associated with smoking, ventilation, high inspired oxygen 
concentration, aspiration and obstructive sleep apnea syn-
drome, respectively.

Quitting smoking before surgery: exposure 
to passive smoke is damaging to children 
(Yamakage)

It is a fact that preoperative smoking increases the risk of not 
only general postoperative complications, but also wound-
related complications, infection, respiratory and neurologic 
complications, and intensive care unit (ICU) admission. 
In particular, the risk of respiratory complications is 73% 
higher in preoperative smokers than in non-smokers [rela-
tive risk 1.73; 95% confidence interval (CI) 1.35–2.23] [1]. 
In addition, bone healing has been shown to be better with a 
longer period of smoking cessation before an operation [2]. 
In this section, the effects of passive smoking exposure on 
children are emphasized. Of the smoke inhaled during pas-
sive smoking, 15% is exhaled from the lungs of the smoker; 
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this mainstream smoke contains hazardous substances that 
have been somewhat reduced by the filter. The remaining 
85% is emitted from the burning tip of the cigarette and 
contains unfiltered hazardous substances and is called sec-
ondhand smoke, which is passively inhaled [3]. Numerous 
studies have pointed out that when children exposed to pas-
sive smoking undergo surgery, they suffer from higher rates 
of airway and respiratory complications [4–6]. Chiswell and 
Akram [7] performed a systematic review and meta-analysis 
to determine the impact of environmental tobacco smoke 
(ETS) exposure on anaesthetic, intraoperative and postop-
erative harm in children. They found that ETS exposure 
significantly increased the risk of perianesthetic respiratory 
adverse events (pooled risk ratio 2.52, 95% CI 1.68–3.77). 
Subgroup analysis regarding laryngospasm showed a sig-
nificant increase by ETS with a risk ratio of 3.54 (95% CI 
2.37–5.28, p < 0.001). Interestingly, Lakshmipathy et al. [8] 
reported that if only one parent smoked, the rate of laryn-
gospasm was higher if the smoker was the mother, rather 
than the father. Although the researchers were unable to 
investigate the actual amount of time spent in contact with 
the children, it can be easily understood that mothers spend 
more time with their children than fathers do, and that the 
opportunities for passive smoking are correspondingly 
higher. Lyons et al. [6] similarly investigated and reported 
that children exposed to passive smoking exhibited a higher 
frequency of desaturation in the postoperative recovery 
room. Interestingly, the more cigarettes their parents smoked 
per day, the more likely children were to develop desatura-
tion (Table 1). In 1999, the World Health Organization esti-
mated that approximately 50% of children worldwide were 
exposed to passive smoking [4]. Many studies have shown 
that passive smoking is damaging to children’s health and, as 
described above, that there is no reason to doubt the adverse 
effect of passive smoking on children undergoing surgery. 
It is our fervent hope to live in a smoke-free society and 
that symposia on the health hazards of smoking to both the 
smoker and the exposed children will no longer be needed.

Ventilator‑associated pneumonia (Hashimoto)

Ventilator-associated pneumonia (VAP) is a type of noso-
comial pneumonia that emerges 48 or more hours after 
mechanical ventilation. In the perioperative period, it can 
occur postoperatively in patients receiving major surgery 
or having serious morbidity or complications that require 
a longer period of ventilatory support. Once occurred, 
attributable mortality varies between studies, from 0 to 
69% depending on patients’ background [9]. In particular, 
surgical patients with higher clinical prognostic and sever-
ity score show high mortality, with incremental economic 
costs [10]. Most criteria or definitions for VAP diagnosis 
are not very sensitive or specific, and there is considerable 
inter-observer variation. About one-third of patients diag-
nosed with VAP did not have any evidence of pneumonia. 
Thus, the incidence of VAP also varies between studies: 
0–22.2 cases per 1000 ventilator-days [10, 11]. In 2013, the 
Centers for Disease Control and Prevention (CDC) started 
surveillance for ventilator-associated events (VAE), which 
included VAP, sepsis, ARDS, pulmonary embolism, baro-
trauma, and pulmonary edema. However, no study has prop-
erly validated this method of diagnosing VAP yet. Multi-
drug resistant organisms such as Pseudomonas aeruginosa 
or Acinetobacter baumannii are now leading causes of VAP 
globally except in Japan and a limited number of other devel-
oped countries [12, 13]. Once diagnosed, appropriate initial 
empirical therapy with broad-spectrum antibiotics is the 
key to treating VAP, together with subsequent de-escalation 
upon identification of the causative orgasms [11]. Prevention 
strategies have been proposed from several societies. VAP 
prevention bundles by the Japanese Society of Intensive 
Care [14] are as follows: do practice secure hand hygiene, 
do not change ventilator circuit routinely, do deliver appro-
priate sedation avoiding deep sedation, do daily spontaneous 
breathing trial to facilitate weaning from ventilatory support. 
These antimicrobial and bundle strategies are believed to 
decrease the incidence and mortality of VAP but implemen-
tation of these strategies is not always easy.

High inspiratory oxygen concentration and lung 
injury (Hirota)

Why do we use high inspiratory oxygen concentration 
during general anesthesia? It may be due to prevention of 
hypoxemia. The time to a decrease in  SpO2 to less than 
90% has been reported to be 411, 303 and 213 s following 
apnea with preoxygenation with 100, 80 and 60% oxygen, 
respectively [15]. In an unexpected “cannot ventilate, cannot 
intubate” case, you may have about 7 min until the patient 
is hypoxic when you have sufficiently performed preoxy-
genation with 100% oxygen. During 7 min, you can give 

Table 1  Relationship between daily cumulative number of ciga-
rettes smoked per household per day and incidence of desaturation 
 (SaO2 < 95%)

The cumulative total number (%) of cigarettes smoked by those 
to whom the child was exposed was also related to desaturation 
(p < 0.005). Table 1 was taken from Reference [6]

Number of cigarettes smoked/day

0 < 10 10–20 20–40 > 40

Desaturation episode
 (−) 55 (89%) 10 (91%) 14 (74%) 17 (68%) 3 (50%)
 (+) 7 (11%) 1 (9%) 5 (26%) 8 (32%) 3 (50%)
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sugamadex and naloxone with termination of propofol infu-
sion and may consequently save the patient’s life. Thus, use 
of high inspired oxygen concentrations  (FiO2) has a strong 
logical merit for induction of general anesthesia. In addition, 
intraoperative high  FiO2 has been reported to reduce the 
incidence of surgical site infection and postoperative nau-
sea and vomiting [16]. However, high  FiO2 can also cause 
several adverse reactions such as absorption atelectasis [15], 
acute exacerbation of idiopathic pulmonary fibrosis [17] and 
VAP [18]. There is evidence that 100% oxygen is a major 
cause of absorption atelectasis during general anesthesia, as 
100% oxygen washes out nitrogen from alveoli and fills the 
alveoli. In contrast to nitrogen, oxygen quickly diffuses into 
the pulmonary vasculature and then dissolves into the blood. 
Consequently, gas left in the alveoli is insufficient to prevent 
the alveolus collapsing [15]. Intraoperative high  FiO2 is also 
thought to cause acute exacerbation of idiopathic pulmonary 
fibrosis after lung surgery with one-lung ventilation-induced 
ischemic/reperfusion injury. Some patients show honeycomb 
findings in the subpleural space (within 1 cm from pleura), 
defined as localized interstitial pneumonitis findings by chest 
computerized tomography. These patients may have a high 
risk of postoperative acute exacerbation of idiopathic pul-
monary fibrosis even if they do not reveal any abnormal 
findings in the pulmonary functional test [17]. Hyperox-
emia often occurs in mechanically ventilated patients with 
high  FiO2 in the ICU [18]. Although high  FiO2 may prevent 
hypoxia and improve the tissue oxygen supply, hyperoxemia 
may also induce vasoconstriction and decrease cardiac out-
put, resulting in reduced blood flow [18]. In addition, hyper-
oxia is responsible for hyperoxic acute lung injury, revealing 
pulmonary edema, hyaline membrane formation, pulmonary 
arteriole thickening, and alteration in the ventilation/perfu-
sion fraction [18]. High  FiO2 inhibits surfactant production 
to promote pulmonary atelectasis, and impairs mucociliary 
clearance and immune function of immune cells [18]. These 
are known to be risk factors of VAP. Indeed, it has been 
reported that hyperoxemia is independently associated with 
VAP [18]. A recent study [19] reports that a conservative 
oxygenation strategy (targeted  SpO2: 88–92%) appears not to 
be inferior to liberal oxygenation  (SpO2 ≥ 96%) in mechani-
cally ventilated patients. Therefore, we should carefully use 
or avoid perioperative high  FiO2.

Aspiration pneumonia (Asai)

The danger of pulmonary aspiration during general anes-
thesia was recognized in the 1930s, mainly by obstetric 
surgeons [20]. Since then, much effort has been made to 
minimize aspiration. This includes preoperative fasting, the 
use of a cuffed tracheal tube, and in patients at increased 
risk of aspiration, preoperative use of apomorphine, and 

suction of gastric contents through a gastric tube. In the 
1950s, rapid-sequence induction of anesthesia was devel-
oped [21], but pulmonary aspiration of gastric contents fre-
quently occurred. In the 1960s, cricoid pressure was found to 
be effective in preventing aspiration during rapid-sequence 
induction of anesthesia [22], and the induction method was 
established in the 1970s [23]. With these efforts, the inci-
dence and severity of pulmonary aspiration appears to be 
decreased. Nevertheless, a recent large-scale prospective 
observational study in Britain has shown that pulmonary 
aspiration is still the main cause of death or life-threatening 
airway complications [24]. This survey also indicated that 
roughly 50% of cases of aspiration occurred during the use 
of a supraglottic airway, which would not be used in patients 
at high risk of aspiration [25]. Therefore, we need to make 
further efforts to reduce the incidence of pulmonary aspi-
ration during and after anesthesia [25], and to find better 
methods of airway management (Fig. 1).

Postoperative respiratory management strategy 
in patients with obstructive sleep apnea (Isono)

Obstructive sleep apnea (OSA) is a common disease in the 
general adult population as well as the surgical population 
[26]. Preoperative OSA screening is effectively performed 
using a questionnaire and a portable sleep monitor, enabling 
individual perioperative airway management [26]. Both 
mask ventilation and tracheal intubation during anesthesia 
induction are more difficult in OSA patients [27], and the 
JSA airway management guideline is helpful to prepare and 
manage airway difficulties [28]. OSA is also an independ-
ent risk factor for postoperative cardiorespiratory complica-
tions [26]. Pre-existing OSA worsens postoperatively with 
the peak increase in apnea–hypopnea index on postoperative 
night 3 [26]. While postoperative changes in sleep architec-
ture, lung volume reduction, upper airway edema formation 

Fig. 1  Incidence of laryngospasm in passive smoking exposure. 
Relative risk for passive smoking exposure and laryngospasm = 10.0 
(95% CI 2.2–45.6; p < 0.001) Figure 1 was taken and modified from 
Reference [8]
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and use of opioids would be the candidates for postoperative 
OSA worsening, the mechanisms have not been clarified. 
Opioids are strong depressants of the upper airway motoneu-
rons, possibly worsening OSA and even resulting in “dead in 
bed” [26]. Furthermore, the increased sensitivity to opioids 
recently documented in both OSA children and adults makes 
the situation worse and complicated [26]. Accordingly, 
establishment of upper airway maintenance strategies imme-
diately after surgery and during the postoperative nights is of 
great clinical importance for the anesthesiologist [29]. The 
nasal continuous positive pressure is the first choice for OSA 
treatment [26]. However, its acceptance rate may be limited 
in newly-diagnosed OSA patients undergoing surgery [26], 
suggesting the necessity of alternative postoperative OSA 
treatment protocols. Oxygen therapy is beneficial for main-
taining oxygenation and reduction of OSA frequency, par-
ticularly in patients with abnormally higher responsiveness 
to respiratory chemo-stimuli [26]. Insertion of a nasal airway 
does not completely eliminate OSA and decreases the OSA 
frequency by only half, and it is probably impractical to use 
the painful wide-bore tube routinely [30]. Nasal high-flow 
oxygen therapy may be useful for patients with preopera-
tively undiagnosed moderate to severe OSA since the airway 
pressure is expected to increase by approximately 1 cmH2O 
with each 10 L/min increase in flow rate [31]. In our expe-
rience, the acceptance rate is much higher compared with 
nasal CPAP therapy. It should be noted that none of the alter-
native treatments to nasal CPAP are sufficient to fully dilate 
the pharyngeal airway and therefore they need to be com-
bined with other alternatives to normalize the pharyngeal 
closing pressure. Increasing the airway pressure by 8 cmH2O 
above the pharyngeal closing pressure normalizes breathing. 
Therefore, even without CPAP treatment, any combination 
of the alternative treatments achieving 8 cmH2O reduction 
of the closing pressure in total should have a similar effect 
to CPAP treatment and be able to improve breathing during 
sleep [32]. The magnitude of pharyngeal closing pressure 
reduction by each airway management technique is illus-
trated in Fig. 2. For example, a combination of the use of 
a pillow (sniffing position) and sitting position (60° head-
up posture) is expected to reduce the closing pressure by 
9 cmH2O (3 cmH2O + 6 cmH2O)[33]. In practice, a semi-sit-
ting position (30° head-up posture) with the use of a pillow 
is advantageous for maintaining both airway patency and 
lung volume in most postoperative patients. In addition, the 
further addition of 30 L/min high-flow nasal oxygen ther-
apy, which is expected to decrease the closing pressure by 
3 cmH2O, would further increase the effectiveness in these 
positions and may help to open airways in patients with 
severe OSA. Mouth opening should be prevented because 
mouth opening per se increases the closing pressure by 
3 cmH2O and also reduces the effectiveness of nasal CPAP 
and high-flow nasal oxygen therapy by introducing massive 

air leakage through the mouth. Responses to the alternative 
treatments significantly differ between patients, and there-
fore the combination strategy should be individualized based 
on proper respiratory monitoring.

Conclusion

In this symposium, we discussed perioperative respiratory 
complications and their preventive strategies. We hope that 
this symposium may be useful for you to manage clinical 
anesthesia on a daily basis.
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