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Traditionally, intubated general anesthesia with one-lung ventilation is standard in thoracoscopic surgery. However, in recent decades, non-intubated thoracoscopic surgery (NITS) has become an alternative method to minimize the adverse effects of intubated general anesthesia. Non-intubated procedures result in fewer adverse events than tracheal intubation and general anesthesia, such as intubation-related airway injury, ventilation-induced lung injury, prolonged hospital stay, and postoperative nausea and vomiting. Despite these benefits, surgeons must consider the possibility of converting to intubation during NITS as the conversion rate is between 2 and 11%, varying between regions and learning time. The conversion rate is also affected by race, body size, the learning curve, and the surgical team's preferred methods. There are surgical (e.g., significant respiratory movements, uncontrolled bleeding, hindered surgical fields, large tumor sizes, adhesions) and anesthetic (e.g., hypoxemia, hypercapnia, airway spasms) reasons for converting to intubation. When a conversion is deemed necessary by the surgical team, the members should be well-prepared and act rapidly. Anesthesiologists should also feel comfortable intubating patients in the lateral decubitus position with or without bronchoscopic guidance. Patient selection is the key factor for avoiding conversion into an intubated surgery. Patients with an American Society of Anesthesiologists grade 2 or less, a body mass index <25, and less surgical complexity may be good candidates for NITS. Careful monitoring, adequate anesthesia depth, an experienced surgical team, and sufficient preparation can also prevent conversion. Conversion from a non-intubated into intubated thoracic surgery is unwanted but not inevitable. Therefore, NITS can be successful when performed on select patients by a well-prepared and experienced surgical team and is worthy of recommendation owing to its non-invasiveness.
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INTRODUCTION

Over the past few decades, there have been considerable advances in minimally invasive thoracoscopic surgery, including surgical techniques and anesthesia methods. Traditionally, deep general anesthesia and multi-portal video-assisted thoracic surgery (VATS) were used to minimize respiratory movement and reduce technical difficulty. As surgical skills improved, surgeons could tolerate diaphragmatic or mediastinal movement to some extent. As such, deep anesthesia is no longer necessary for VATS or uni-portal VATS, resulting in non-intubated thoracoscopic surgery (NITS) with spontaneous one-lung ventilation.

NITS is advantageous because it avoids perioperative morbidity derived from a mechanical ventilator and the unfavorable effects of deep anesthesia. For example, non-intubated anesthesia prevents potential damage caused by lung overdistension, the shear stress of repetitive opening and closing of alveoli, and the release of several inflammatory mediators (1–5). Subclinical lung injury caused by positive pressure ventilation also cannot be ignored, and minor respiratory impairment is associated with postoperative complications (6). NITS also prevents potentially fatal laryngeal or tracheal injuries from intubation (7, 8). The non-intubated method with adequate sedation can also reduce the use of analgesics, which can cause postoperative complications, including dizziness, vomiting, nausea, and respiratory depression (9). A residual neuromuscular block is another complication associated with muscle relaxants, eliciting postoperative acute airway events (e.g., hypoxemia, airway obstruction), unpleasant symptoms of muscle weakness, and delayed extubation (10, 11). The easy collapse of the dependent lung is another issue with mechanical ventilation and muscle paralysis, potentially increasing the risk of hypoxemia during one-lung ventilation. Furthermore, these deleterious effects may be more significant for susceptible patients (12).

The effectiveness of NITS is comparable with conventional intubated VATS, despite its non-invasiveness. Most comparative studies reported similar operative times and blood loss volumes (13–15). Currently, non-intubated methods have few technically unfavorable effects on surgeons, and the overall surgical time is shortened by not requiring anesthesia induction (16, 17).

Although non-intubated thoracic surgery has considerable benefits, there are some risks. First, hypercapnia and hypoxemia were frequently noted during NITS due to ineffective spontaneous one-lung ventilation (13), mostly in patients susceptible to systemic sedatives or with underlying lung diseases. Furthermore, anesthesiologists' control over the sedation depth is difficult because the patient's respiratory pattern must be suitable for the operation field and oxygenation maintenance (14). Barking, respiratory movements, or an elevated diaphragm may interfere with the surgical field if the depth of anesthesia is not under stationary control. When NITS started to become accepted in the early 2010s, some surgical teams used epidural anesthesia combined with intravenous narcotics (13, 18, 19). However, epidural anesthesia may be associated with a sympathetic blockade, perhaps leading to increased bronchial tone and airway hyper-reactivity (20). If these deleterious effects worsened during the operation, NITS was highly likely to be converted to an intubated surgery.

Conversion from NITS into an intubated surgery is unwanted. However, the correct timing and technical proficiency are crucial. Establishing appropriate selection criteria for non-intubated surgery and clear indications for conversion can better prepare the surgical team facing an unanticipated condition (Table 1) (27). Therefore, anesthesiologists and surgeons should be well-prepared and alert for possible conversions to ensure patient safety and the acceptability of NITS.


Table 1. Summary of non-intubated thoracoscopic surgery studiesa.
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NON-INTUBATED TO INTUBATED CONVERSION RATE

The conversion rate from NITS into an intubated surgery is between 2 and 11% (21–26), differing based on centers and countries but primarily by learning time. NITS experience may be a key point affecting the conversion rate. Hung et al. reported a remarkable decrease in the conversion rate as the cumulative non-intubated case number increased over time (23). An ~10% conversion rate was reported by this surgical team in 2011 when they had performed 100–150 non-intubated surgeries (13). However, in 2018, when the team had >1,000 cases, the conversion rate improved to <3% (28, 29).

Other conversion risk factors were also reported, including older age, higher body mass index (BMI), and anatomical resection and adhesion (23, 24). However, there was no strict cutoff point for age as an NITS exclusion criterion.

Regarding BMI, researchers indicated patients with a BMI >25 or 30 are not ideal candidates for non-intubated anesthesia because more vigorous respiratory movement is expected, resulting in a disturbed surgical field (23, 24). The odds ratio for conversion into intubated VATS was reported up to 9.09 (range, 3.59–25.46) for patients with a BMI >25 (23). The conversion rates in different countries may come from variable baseline characteristics of the study population, including BMI, sex, and body size. For western studies including 50% or fewer female participants, a 5–10% conversion rate is relatively higher (26, 30) than the 2–5% reported by most studies from eastern countries (14, 18, 28, 29, 31, 32). Both ethnicity and sex were thought to be associated with body size and respiratory movement, which are often positively correlated in our experience.

Anatomical resection is another factor affecting the conversion rate. A previously published series reported a 0.3% conversion rate for wedge resection but 2.7 and 4.7% for segmentectomy and lobectomy, respectively (23). Chen et al. reported similar results in another series, in which the conversion rate was 1.3%, 7.1%, and 5.8% for wedge, segmentectomy, and lobectomy, respectively (31). The reported conversion rates were comparatively higher (5.6–10%) for studies that only enrolled patients undergoing an anatomical resection (13, 25).

Chronic lung distress could also impact conversion rate and compel surgeons not to perform NIST owing to higher risks and inefficiency. For example, an emphysematous lung would collapse more poorly and slowly in NITS procedures than intubated ones. Furthermore, NITS could not support respiratory function or intubation, and emergent conversion probably occurs. Although patients with impaired pulmonary function or chronic lung diseases are more susceptible to hypoxemia or hypercapnia, current literature reported no significant difference in conversion rate compared with general population (33). Wu et al. reported that NITS for lobectomy is technically feasible and as safe as thoracoscopic lobectomy performed with tracheal intubation in geriatric (≥65 years) patients with lung cancer (33). Even for patients with impaired pulmonary function (FEV15 = 7.9 ± 13.1%, FVC = 76.7 ± 13.8%), an intubation conversion rate of only 4% was reported. This conversion rate is similar to the results of other series. A series that enrolled >1,000 patients undergoing NITS also reported zero postoperative 30-day mortality rate among 20 patients who underwent intraoperative conversion to tracheal intubation (23). Therefore, NITS may be still applied as a safe alternative to intubated general anesthesia in highly selected patients.

There is no universal conversion rate in the literature because it is affected by numerous factors, such as the patient's baseline characteristics, surgical team's experience level, and complexity of the surgery.



CONVERSION INDICATIONS

Under certain conditions, NITS may be converted into an intubated surgery to ensure patient safety and facilitate the surgical process. For surgeons, considerable mediastinal movement is the most common reason (~33.3–100%) to convert into intubated general anesthesia (15, 18, 24, 27, 28, 32, 34).

Strong mediastinal or respiratory movement can lead to hilum dissection difficulties and accidental injury to vital regions. Males with larger body sizes and heavier body weight are more likely to convert due to major respiratory fluctuation. Obesity is often associated with a higher respiratory rate and lower tidal volume and may directly cause large respiratory movements (35, 36).

Bleeding is another major reason for converting, accounting for ~12.5–33% of all intubated conversions (13, 18, 25, 26, 28, 31, 37). During NITS, accidental bleeding was often related to significant and unexpected respiratory movements, under-regulated cough reflexes, and hindered surgical fields caused by a non-collapsed lung. Conversion to intubated anesthesia makes respiratory movements controllable and reduces the surgeon's stress while protecting the contralateral airway if the bronchus was damaged.

For anesthesiologists, prolonged hypoxemia or hypercapnia generally elicits conversion from non-intubation into intubation. The cutoff criterion of hypoxemia varies among surgical groups. Some researchers have suggested converting if the oxygen saturation on pulse oximetry was <85% for more than 5 min (33). Others suggested that an oxygen partial pressure <60 mm Hg or carbon dioxide level >80 mm Hg should indicate conversion (38). The proportion of conversions resulting from hypoxemia or hypercapnia was between 14.3 and 33.3% (13, 24, 25, 37).

Disease characteristics, such as large tumor size or severe adhesion, have an important effect on the decision to convert; non-intubated anesthesia increases the surgical difficulty in already challenging cases. Further, the operative time may be longer for complicated cases, and NITS likely aggravates hypoxemia or hypercapnia. Disease-related conversions account for 14.3–50% (18, 21, 27). Other interfering factors adversely affecting non-intubated VATS include a non-collapsed lung, susceptibility to pain, airway hypersensitivity, and ineffective epidural anesthesia or intravenous sedation (13, 31, 37, 39).

The criteria of conversion from NITS to intubated VATS varies among different groups, according to their experience levels, maturity, and surgical techniques. Nevertheless, the general principles and situations of conversion are similar. The aforementioned indications of conversion can be summed up as surgical and anesthesiological aspects. Both these aspects have to be fully discussed among doctors when the situation gets severe, and the decision of conversion should be made jointly.



NITS CONVERSION TECHNIQUE

Despite strict patient selection criteria, converting to intubation is sometimes necessary due to unexpected events, such as hypoxemia, strong mediastinal movement, massive bleeding, or a hampered surgical field. Conversions are usually unpredictable and occur in an emergency. Therefore, surgeons and anesthesiologists should be well-prepared and establish appropriate conversion criteria.

Although it is technically demanding to intubate a patient in the decubitus position, it should not be unconquerable for an experienced anesthesiologist. In these situations, bronchoscope-guided intubation may help, and good patient selection should also minimize struggling during difficult intubations (32, 40). The Mallampati score is a good bedside indicator for potential obstacles in emergency intubation. A Mallampati score of 1 and an acceptable neck extension with a thyromental space extending more than four finger breadths indicate easier intubation, even in the decubitus position (41).

Hypoxemia and hypercapnia during spontaneous one-lung ventilation were common reasons for conversion. For these patients, the collapsed lung can be quickly re-expanded when the surgical wounds were sealed with transparent waterproof dressings after chest tube insertion (13). Double- and single-lumen endotracheal tubes with a blocker can be considered if conversion is deemed necessary. A laryngeal mask is also an option for the conversion, depending on the dexterity of the anesthesiologist (21). Some surgical teams rotate the table to insert endotracheal tubes in a relatively supine position.

We preferred straightforward intubation in the lateral decubitus position. Muscle relaxants (cisatracurium or rocuronium) were administered after sedatives such as propofol and fentanyl (30). Intubation was better assisted with video laryngoscope to facilitate the process. In our experiences, single-lumen intubation with blocker may be more efficient, but double-lumen intubation was also feasible.

Regardless, the anesthesiologist must be familiar with inserting an endotracheal tube, laryngeal mask, video-assisted intubation, and endobronchial blocker to choose the most suitable device depending on the patient's airway and position, the completion time of the procedure, and the causes for conversion. Together with well-established criteria and protocols, experienced team members are important for shortening the time from decision to intubation.



AVOIDING CONVERSION DURING NITS

Emergency intubation during conversion is usually undesirable, potentially resulting in airway injuries, prolonged operative time, and exacerbated stress of the team members. Therefore, avoiding conversion during NITS is ideal (8, 42). Table 2 summarizes the points to consider to avoid conversion during NITS.


Table 2. Considerations for avoiding conversions during non-intubated thoracoscopic surgery.
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A preoperative patient briefing regarding the risks and benefits of the non-intubated method is necessary. Further, preoperative patient selection is crucial, and the attending surgeons should be exceptionally cautious and strict. Good candidates for NITS generally include those with a lower BMI, American Society of Anesthesiologists grades 1 or 2, and no cardiopulmonary issues (43, 44). The complexity of the surgical procedure also affects the feasibility of NITS. Although there is growing evidence that non-intubated anesthesia is safe and feasible for various thoracic procedures, from simple lung resections to complicated anatomical malignancy resections, it has generally been more acceptable to perform relatively simple procedures with the non-intubated technique (45–47). As the surgical skills and anesthesia techniques improve, non-intubated surgery will be applied more widely for moderately risky patients and difficult surgeries (26, 48–51).

Regarding the monitoring of non-intubated patients, a three-lead electrocardiogram, blood pressure monitoring, and pulse oximetry are minimally required. Monitoring airway patency, respiratory rate, and respiratory pattern during one-lung ventilation are also important. Careful monitoring can detect early signs that conversion is necessary and avoid emergency conversions.

The anesthesia depth should be carefully monitored and well-controlled, for example, by bispectral index monitoring, which helps guide anesthesiologists. Various levels of anesthesia depth were reported during non-intubated surgery. However, it is most important for the anesthesiologist to balance respiratory function and mediastinal movements (45, 47, 52–54). If a patient is over-sedated at the surgeon's request for less respiratory movement, hypoxemia and hypercapnia were likely to occur, leading to conversion and vice versa. Thus, adequate non-intubated surgery is based on a well-regulated depth of anesthesia with reasonable respiratory support, such as an oxygen mask or nasal high flow cannula (29).

Regional anesthesia techniques may also prevent conversions, including local wound infiltration, intercostal nerve blocks, vagal nerve blocks, thoracic paravertebral blocks (mostly erector spine plane), and epidural blocks. Regional blockades reduce the use of systemic sedatives and minimize respiratory sedation. Surgeons benefit from regional anesthesia because the cough reflex can be inhibited and fewer pain-stimulating movements (27). For NITS, sedation with regional analgesia is essential, indicating that a multi-pronged approach to analgesia is recommended.

Based on our experience, we shifted our regional anesthesia technique from epidural blocks to intercostal nerve blocks via direct thoracoscopic view. Epidural anesthesia may have risks of spinal cord injury, respiratory suppression, and hypotension (23). Intravenous anesthesia with regional anesthetic methods via direct thoracoscopic view, such as vagal block, intercostal block, and wound infiltration, is generally sufficient for the NITS procedure.

An inexperienced team is the absolute contraindication of non-intubated surgery (21). All team members should be accomplished and proficient in surgical and anesthesiological methodologies and informed of the potential complications and subsequent protocols. If a conversion is required, elective conversion is always preferable to emergency conversion; thus, all possible and subtle difficulties of every patient must be accessed and anticipated as early as possible. The equipment and drugs, including single- and double-lumen tubes, a bronchoscope, an endotracheal blocker, other advanced airway equipment, and first-aid medicine, must be prepared to avoid conversion failure.



CONCLUSION

Conversion into intubated VATS is sometimes required during NITS. With correct patient selection, sufficient preparation, carefully established protocols, and skilled and rapidly acting surgical team members, the risks and complications of converting to intubation can be minimized to an acceptable level. NITS could be the treatment of choice for thoracic malignancies if physicians are proficient in preventing and managing potential conversions.
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