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Regional Anesthesia With Noninvasive Ventilation for Shoulder Surgery in a Patient With Severe Chronic Obstructive Pulmonary Disease: A Case Report

I

nterscalene block (ISB) is accepted widely as the preferred anesthetic technique for shoulder surgery 1,2 ; however, a near 100% loss of hemidiaphragmatic activity resulting from phrenic nerve paralysis limits the use of ISB for patients with limited pulmonary reserve 3 because of concerns about dyspnea, atelectasis, and respiratory failure. [START_REF] Mccool | Dysfunction of the diaphragm[END_REF] In contrast, the alternative of a general anesthesia with the use of opioids could not just impair "fast tracking," but by itself impair postoperative ventilation, especially for patients with chronic respiratory failure. [START_REF] Sasaki | Postoperative respiratory muscle dysfunction: pathophysiology and preventive strategies[END_REF] Therefore, the optimal anesthetic management for patients with respiratory failure scheduled for shoulder surgery remains to be defined.

Written consent for publication has been obtained from the patient.

DESCRIPTION OF THE CASE Patient

A 49-year-old 76 kg man was scheduled for an arthroscopic right rotator cuff repair. The patient was assigned an American Society of Anesthesiologists 3 status because of his hypertension and severe chronic obstructive pulmonary disease (COPD; grade 4 Modified Medical Research Council Dyspnea Scale). He required supplemental oxygen to maintain adequate oxygen saturation while awake. His last pulmonary function tests showed an obstructive ventilatory pattern, with a forced expiratory volume in 1 second of 2.19 L (64% of predicted), a po 2 of 76 mm Hg, a pco 2 of 37 mm Hg, and a saturation of 96% on room air.

After discussion of the risks and benefits of general anesthesia versus regional anesthesia, and with informed consent from the patient, it was decided to proceed under regional anesthesia by combining an ISB with a suprascapular nerve block (SSNB) and an axillary nerve block (ANB).

Ultrasonographic Diaphragmatic Function Assessment

Before block placement, we evaluated the patient's diaphragmatic function with 2 different sonographic techniques:

-Diaphragmatic excursion (Figure 1A) during a voluntary sniff test using a 3.5-5 MHz probe. The diaphragmatic displacement was measured at 3.3 cm. -Diaphragmatic thickening during a deep breathing maneuver using a linear high-frequency probe (10-12 MHz). Thickness was measured at 3.8 mm at end-inspiration (Tmax), and 1.7 mm at end-expiration (Tmin). The diaphragmatic thickening fraction (Tmax -Tmin/Tmin) was calculated at 123%, and the thickening ratio (TR) (Tmax/Tmin) at 2.2.

These measurements were considered normal baseline values and were equal on both hemidiaphragms.

Ultrasound-Guided Regional Anesthesia

No sedation or analgesia was administered before/during performance of the blocks. ISB was placed via a posterior approach. Sixteen milliliters of mepivacaine 1% was injected at the level of the fifth and sixth cervical nerve roots.

Then, an in-plane ultrasound-guided SSNB (Figure 2A) was performed [START_REF] Rothe | Ultrasound-guided block of the suprascapular nerve-a volunteer study of a new proximal approach[END_REF] by locating the brachial plexus and the departure of the suprascapular nerve (SSN) from the superior trunk under the inferior belly of the omohyoid muscle by sliding the transducer distally and then injecting 6 mL of ropivacaine 0.475% with 4 mg of dexamethasone added.

For the ANB (Figure 2B), [START_REF] Rothe | Ultrasound-guided block of the axillary nerve: a volunteer study of a new method[END_REF] the patient was positioned in the upright sitting position and the neurovascular space bordered by the teres minor muscle, the deltoid muscle, and the shaft of the humerus identified. By the use of an in-plane technique, 6 mL of ropivacaine 0.475% with 4 mg of dexamethasone were injected.

Interscalene block (ISB) impairs ipsilateral lung function and generally is not used for patients with respiratory insufficiency. We present a 49-year-old man with chronic obstructive pulmonary disease scheduled for shoulder surgery. He was given a regional technique with an ISB (shortacting local anesthetic to minimize duration of diaphragmatic dysfunction) and suprascapular and axillary nerves blocks (long-acting local anesthetic). He was supported with noninvasive ventilation during the time of hemidiaphragmatic paralysis as documented by serial ultrasound examination. A discussion about ISB and its alternatives (general anesthesia versus brachial plexus block versus selective peripheral nerve blocks) always should occur for patients at risk for pulmonary complications.

Thirty minutes after the placement of the ISB, and complete sensory block, a second ultrasonographic diaphragmatic function assessment was done, which showed complete ipsilateral hemidiaphragmatic paralysis (TR = 1 and paradoxical downward movement, Figure 1B).

Surgery

The patient was then transferred to the operating room and placed in the beach-chair position. He began to complain of dyspnea, with a respiratory rate of 22/min and a desaturation from 97% to 93% despite 2 L/min of oxygen.

We decided to support the patient with noninvasive ventilation (NIV) delivered via a facemask connected to an anesthesia ventilator (Aisys CS 2 Datex-Ohmeda Carestation; GE Healthcare, Little Chalfont, Buckinghamshire, United Kingdom). The tolerance of this patient's first experience of NIV was optimized by an appropriate explanation of the procedure and 7.5 μg of sufentanil administered intravenously. NIV parameters were adjusted according to patient comfort (inspiratory pressure support 7 cm H 2 O; positive end-expiratory pressure 5 cm H 2 O; fraction of inspired oxygen 30%, titrated to maintain Spo 2 ≥ 94%), and allowed a significant improvement. The case proceeded uneventfully and at the end of the surgery, the patient was transferred to the postanesthetic care unit (PACU).

PACU

In the PACU (2 hours after the ISB), a new diaphragmatic ultrasound evaluation revealed a partial hemidiaphragmatic paralysis (50% reduction of diaphragmatic excursion Figure 1. Diaphragmatic excursion during a voluntary sniff test before (A) and after (B) an ISB. Diaphragmatic ultrasound was performed using a 3.5-5 MHz phased array probe. The probe was placed immediately below the right costal margin in the right anterior axillary line and was directed medially, cephalad and dorsally, so that the ultrasound beam reached the posterior third of the hemidiaphragm perpendicularly. The 2D mode was used initially to obtain the best view with the liver serving as an acoustic window; the M-mode was then used to display the motion of the anatomical structures along the selected line. In the M-mode, the diaphragmatic excursion (displacement, cm) can be measured during a VS test, for which the patient was asked to forcefully inhale through the nose in a sniffing fashion (A). Note: the paradoxical downward movement after ISB (B). This ultrasound pattern (designated negative) indicates a complete hemidiaphragmatic paralysis. ISB indicates interscalene block; 2D, 2-dimensional; VS, voluntary sniff. from baseline during voluntary sniff test and TR at 1.6 during the deep breathing maneuver). Sensory and motor deficit from the ISB was present but diminished.

Four hours after the ISB, a diaphragmatic function assessment revealed a total recovery of the diaphragmatic function, and the NIV was discontinued and only supplemental oxygen applied (2 L/min by nasal prongs).

The SSN and AN blocks were effective, as judged by the lack of opioid consumption until 24 hours after surgery. No pain (numeric rating scale for pain 0/10) was reported in the PACU after 1 g of intravenous paracetamol and 100 mg of intravenous ketoprofen. Postoperatively, the time to first opioid consumption was 24 hours and the maximal pain reported was 3/10 at the 48th hour. The patient was successfully discharged from the hospital on day 2.

DISCUSSION

We report the successful anesthetic management of shoulder surgery under regional anesthesia in a patient with COPD. The use of a short-acting local anesthetic (LA) for the ISB limited the duration of hemidiaphragmatic paralysis, and additional nerve blocks (SSNB and ANB) with long-acting LA and added perineural dexamethasone allowed effective postoperative analgesia.

From an anesthetic point of view, the ISB provides excellent analgesia and is considered as the gold standard in the management of postoperative pain after shoulder surgery. [START_REF] Fredrickson | Postoperative analgesia for shoulder surgery: a critical appraisal and review of current techniques[END_REF] Respiratory insufficiency, h owever, t raditionally has been considered a relative contraindication to performing an ISB because ipsilateral hemidiaphragmatic dysfunction frequently occurs because of the proximity of the phrenic nerve. [START_REF] Bigeleisen | Anatomical variations of the phrenic nerve and its clinical implication for supraclavicular block[END_REF] The transient hemidiaphragmatic paralysis is usually well tolerated in healthy individuals; however, respiratory complications can occur in patients who have preexisting respiratory compromise. [START_REF] Rose | Hypoxia following interscalene block[END_REF] The incidence of phrenic nerve palsy has been reported as high as 100% after ISB 3 and Urmey and McDonald 10 demonstrated a 25% decrease in pulmonary function when an ISB was performed. We thought that the use of a shortacting LA could limit the duration of phrenic nerve palsy and would be of major interest in the setting of respiratory insufficiency.

The SSN provides sensory innervation to 70% of the shoulder joint, mainly posteriorly and the AN to the inferior, lateral, and anterior aspects. An isolated SSNB is an alternative to ISB, [START_REF] Barber | Suprascapular nerve block for shoulder arthroscopy[END_REF] but its effectiveness appears to be limited, and an ultrasound-guided ANB combined with a SSNB for arthroscopic rotator cuff repair was shown to provide better postoperative analgesia when compared with an SSNB alone. [START_REF] Lee | Effect of ultrasonographically guided axillary nerve block combined with suprascapular nerve block in arthroscopic rotator cuff repair: a randomized controlled trial[END_REF] This strategy could be of major interest in certain high-risk populations, such as patients with respiratory comorbidities, because it might avoid phrenic nerve paralysis and also decrease opioid consumption.

To prolong the analgesic effects of the supplementary SSN and AN blocks, we used long-acting LA with added perineural dexamethasone. [START_REF] Choi | Effects of dexamethasone as a local anaesthetic adjuvant for brachial plexus block: a systematic review and meta-analysis of randomized trials[END_REF] This allowed good analgesia and minimized the opioid use, avoiding their side effects, in this patient with COPD.

Opioids have well-known side effects on diaphragmatic and thoracic muscles, leading to a decrease in functional residual capacity and promoting atelectasis [START_REF] Sasaki | Postoperative respiratory muscle dysfunction: pathophysiology and preventive strategies[END_REF] and depress ventilation through their action on the μ-opioid receptor expressed in the brainstem. This can lead to life-threatening complications, and therefore opioids always should be considered as a last-line analgesic treatment in patients with respiratory insufficiency.

Ultrasound is playing and increasing role as an accurate tool to evaluate the diaphragmatic function at the bedside. [START_REF] Mccool | Dysfunction of the diaphragm[END_REF] Ultrasonography of the diaphragm at its zone of apposition with the rib cage can be used to measure changes in the thickness of the diaphragm during inspiration. Because thickening of the diaphragm reflects diaphragmatic shortening, a lack of thickening with inspiration allows the diagnosis of diaphragmatic paralysis. The diaphragmatic thickening fraction (ie, thickness at end-inspiration -thickness at end-expiration/thickness at end-expiration) can be used as an index of diaphragmatic efficiency. A TR of 2.6 can be measured in healthy subjects by dividing the diaphragmatic thickness during a maximal inspiratory effort by the diaphragmatic thickness while relaxing at functional residual capacity. [START_REF] Matamis | Sonographic evaluation of the diaphragm in critically ill patients. Technique and clinical applications[END_REF] Ultrasonography of the diaphragmatic dome also has been reported as a method for documenting diaphragmatic paralysis in adults. [START_REF] Matamis | Sonographic evaluation of the diaphragm in critically ill patients. Technique and clinical applications[END_REF] The values of diaphragmatic excursion in healthy individuals were reported to be 2.9 ± 0.6 cm for male patients and 2.6 ± 0.5 cm for female patients during voluntary sniffing. [START_REF] Boussuges | Diaphragmatic motion studied by m-mode ultrasonography: methods, reproducibility, and normal values[END_REF] Because ultrasonography can distinguish a functioning from a nonfunctioning diaphragm, it can be used to monitor recovery of the paralyzed diaphragm. [START_REF] Mccool | Dysfunction of the diaphragm[END_REF] In our patient, respiratory function was supported by NIV until complete recovery of diaphragmatic function was demonstrated by serial ultrasounds.

In summary, this 49-year-old man was able to undergo shoulder surgery under ISB despite severe COPD. An ISB using short-acting LA limited the duration of phrenic nerve palsy and his respiratory status was maintained using NIV for the time needed based on frequent ultrasound monitoring of his diaphragmatic function. Supplementary suprascapular and axillary nerves blocks with long-acting LA and perineural dexamethasone provided good analgesia and minimized the consumption of opioids.

Figure 2 .

 2 Figure 2. A, SSN leaving the superior trunk. The SSN was followed under ultrasound visualization into the subclavian triangle under the inferior belly of the omohyoid muscle. B, AN close to the posterior circumflex humeral artery in the neurovascular space bordered by the teres minor muscle, the deltoid muscle, the triceps muscle, and the humerus. SSN indicates suprascapular nerve; AN, axillary nerve.