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Objective: This study was designed to investigate whether it is useful and necessary to add a T2 level thoracic paravertebral block (TPVB) based on brachial-cervical plexus block to avoid incomplete anesthesia in elderly patients undergoing deltopectoral approach proximal humeral fracture (PHF) surgery.

Materials and Methods: This study involved 80 patients scheduled for PHF surgery who were randomized to receive either IC block (combined interscalene brachial plexus with superficial cervical plexus block) or ICTP block (T2 TPVB supplemented with IC block). The primary outcome was the success rate of regional anesthesia. The patient who experienced incomplete block was administered with intravenous remifentanil for rescue, or conversion to general anesthesia (GA) if remifentanil was still ineffective. Secondary outcomes included requirements of rescue anesthesia, sensory block of the surgical region, the incidence of adverse reactions, and block procedure-related complications.

Results: The success rate of regional anesthesia in the ICTP group was higher compared with the IC group (77.5 vs. 52.5%, p = 0.019). Intravenous remifentanil was required in 32.5% of patients in the IC group and 17.5% in the ICTP group, respectively. Conversion to GA was performed in 15% of patients in the IC group and 5% in the ICTP group. Sensory block at the medial proximal upper arm was achieved in 85% of patients in the ICTP group, whereas 10% in the IC group (p < 0.001). There was no difference between the groups with respect to the incidence of intraoperative adverse reactions. No block-related complications occurred in either group.

Conclusion: Adding a T2 TPVB is helpful to decrease, but not absolutely avoid the occurrence of incomplete regional anesthesia during PHF surgery in elderly patients. However, considering the potential risks, it is not an ideal option while a minor dose of remifentanil can provide a satisfactory rescue effect.

Clinical Trial Registration: ClinicalTrials.gov, identifier: NCT03919422.
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INTRODUCTION

Proximal humeral fracture is common and may account for up to 5% of all fractures in the aging population (1). It will affect quality of life, and even increase mortality (2). Treatments for proximal humeral fracture (PHF) include non-operative care and surgery. For the elderly patients with surgical indications, especially those who are afflicted with severe cardiac or pulmonary comorbidity, the choice of anesthesia is a dilemma. Except for general anesthesia (GA), surgery under regional anesthesia (RA) is also an ideal choice. It may preserve spontaneous respiration and minimize the risk of complications associated with GA (3). However, perfect RA presents a unique challenge to anesthesiologists since the relevant innervation is complicated. No single nerve block technique can cover the entire surgical region (4).

The deltopectoral approach for PHF surgery involves the anterior shoulder and the proximal upper arm. The innervation mainly originates from the cervical plexus and the brachial plexus (5, 6). However, the hybrid technique of the superficial cervical plexus block and the interscalene block, which is an effective mode of RA in clavicle and shoulder surgery (7–9), cannot always provide sufficient surgical anesthesia for the patients undergoing PHF surgery. In previous studies, the branches stem from the upper thoracic nerves (T1–T2, even T3), nearly impossible to be covered by a brachial plexus block, were considered to contribute to the innervation of the upper arm as well (10, 11). Zhao (12) also recommended the T2 thoracic paravertebral block (TPVB) as a supplement for RA in PHF surgery since the thoracic paravertebral space (TPVS) houses the ventral rami of nerve roots and allows local anesthetic to spread to T1 and T3. However, limited evidence is available from randomized controlled trials. Therefore, we aimed to investigate whether adding a T2 TPVB is useful and necessary to avoid the occurrence of incomplete regional anesthesia in elderly patients undergoing deltopectoral approach PHF surgery.



MATERIALS AND METHODS

This randomized, observer-blinded, controlled trial was approved by the Ethics Committee of Shanghai Sixth People's Hospital (No. 2019-030, March 28, 2019, Chairperson Prof Weiping Jia) and prospectively registered at ClinicalTrials.gov (NCT03919422, April 14, 2019) before the enrolment process started on May 5, 2019.

The patients aged 65 or older, ASA grade I-II, BMI <30 kg/m2, scheduled for elective deltopectoral approach PHF surgery between May 2019 and August 2020 were recruited. Exclusion criteria included a request for GA, inability to cooperate, contraindication to RA, multiple traumas, uncontrolled systemic diseases, and allergy to ropivacaine. An independent investigator (HZ) generated the randomized allocation sequence and concealed the allocation results in opaque sealed envelopes. After providing written informed consent, the participants were randomly and equally allocated to receive either combined interscalene brachial plexus with superficial cervical plexus block (IC group) or IC block supplemented with T2 TPVB (ICTP group). On the surgical day, an anesthetic nurse provided one envelope per patient to the anesthesiologist who administered the regional block (XW). After the regional block was finished, this anesthesiologist had no further role in the subsequent procedure. The surgeons, nurses, research assistants, intraoperative anesthesiologists, and outcome assessors were all kept blinded to the allocation.


Pre-anesthetic Preparation

All the patients underwent preoperative fasting. After standard monitors were applied, intravenous access was established. No sedative or intravenous narcotic was given before RA. Patients were placed in the lateral decubitus position with the operative side upward. An experienced anesthesiologist (XW) performed the nerve block under an aseptic condition using a SonoSite S-NerveTM ultrasound machine (Bothell, WA, USA) in a dedicated block procedure room. Local lidocaine (1%) for skin numbing was given before each block procedure. The concentration and volume of ropivacaine (NaropinTM, AstraZeneca AB, Sweden) for the elderly patients was determined according to the consensus guidelines on RA in China (2014).



IC Block Procedure

A linear array transducer (6–13 MHz) was positioned on the supraclavicular fossa to locate the supraclavicular brachial plexus. By moving the transducer cranially, the brachial plexus was successively revealed between anterior and middle scalene muscles. A 5-cm, 22-gauge (G) block needle (KDLTM, Kindly group, China) was introduced into the plexus sheath with an in-plane approach. Then, 20 ml of 0.375% ropivacaine was injected around the brachial plexus (6). The transducer was then transversely positioned at the mid-point of the posterior edge of the sternocleidomastoid muscle. Furthermore, 10 ml of 0.25% ropivacaine was injected into the fascial plane deep into the muscle (13).



T2 TPVB Procedure

In the ICTP group, the T2−3 intervertebral space was initially identified by both ultrasound image scanning and palpation counting from the C7 spinous process. A curved array transducer (2–5 MHz) was placed with a slightly oblique scan to visualize the T2 transverse process, costotransverse ligament, internal intercostal membrane, and parietal pleura. A 10-cm, 22G needle was inserted into the skin and advanced carefully until the needle tip penetrated the superior costotransverse ligament and positioned in the TPVS. It is a wedge-shaped space beyond the internal intercostal membrane (continuous with superior costotransverse ligament medially) and lateral to the vertebral body on the ultrasound image. Following negative aspiration of air, blood, or cerebrospinal fluid, 10 ml of 0.25% ropivacaine was injected and anterior displacement of the parietal pleura was monitored (14).



Intraoperative Management

The patient was transferred to the operating room within 10 min after the sensory assessment and placed in a beach-chair position. Each of the patients received preoperative intravenous sedation (1 mg midazolam) and nasal oxygen (3 L/min). Remifentanil (50 μg/ml), propofol (10 mg/ml), and laryngeal mask airway (LMA) were prepared. The regional anesthetic effect was considered to be successful if surgical anesthesia was achieved, otherwise, it is considered to be inadequate if the patient resorts to rescue anesthesia. The rescue procedure would be administered in the following two steps. First, remifentanil would be infused intravenously for 2 min at the rate of 0.25 μg/kg/min. This dosage was defined as a minor dose, which is recommended for elderly patients over 65 according to the package insert. Second, if the patients still complained of pain after remifentanil infusion for 2 min, they would be induced with propofol (1.5–2 mg/kg) for converting to GA with LMA, and maintained with inhaled sevoflurane. All adverse reactions and complications were recorded and managed in accordance with the study protocol. Intraoperative mean arterial pressure higher (or lower) than 30% from the baseline value was defined as hypertension (or hypotension). Hypotension was treated with ephedrine 5–10 mg and/or deoxyepinephrine 50–100 μg IV, while hypertension was treated with urapidil 5–10 mg IV. Atropine 0.5 mg IV was administered to treat bradycardia (heart rate <60 beats/min). The vasoactive medications were used incrementally as required. Hypoxia (SpO2 decreased to below 95%) was managed via facemask assistant spontaneous ventilation or reducing the rate of remifentanil infusion. The block-related complications, such as local anesthetic systemic toxicity, pneumothorax, epidural and intrathecal injections, hematoma, and so on, were recorded and followed up until resolution.



Outcome Assessment

The primary outcome was the success rate of regional anesthesia without having to resort to rescue anesthesia. Secondary outcomes included: (1) requirements of rescue anesthesia (including IV remifentanil and GA); (2) sensory block assessment of surgical region; (3) incidence of adverse reactions and block-related complications. The sensory block was assessed bilaterally by the pinprick method using a 22G needle 20 min after the regional block. The testing region around the deltopectoral incision was divided into four areas: (A) supraclavicular region; (B) deltoid region; (C) lateral proximal upper arm; and (D) medial proximal upper arm. The results were described using a 3-point rating scale (0 = no block, normal sensation; 1 = partial block, reduced sensation; 2 = complete block, no sensation at all). An assessor (ZX or YC) blinded to the group allocation collected all the outcome data.



Sample Size Estimation

Based on the data from our pilot study (n = 20, unpublished data), we assumed the success rate to be 60% in the IC group and 90% in the ICTP group, respectively (15). A total sample size of 80 would be required to detect differences with 80% power and a two-tailed alpha error of 5% including the possible dropouts (20%).



Statistical Analysis

Statistical analyses were performed with SPSS (Version 24, IBM Corporation, Armonk, NY, USA). We used the Kolmogorov-Smirnov test to confirm the normality of data distribution. Continuous data were presented as mean (SD) or median (IQR) according to the results of the normal distribution test. The normally distributed numerical data were compared using an independent sample t-test, whereas non-parametric data were compared using the Mann-Whitney U-test. Categorical data were presented as numbers (percentages) and compared using the chi-square test or Fisher's exact test. The level of statistical significance was determined at p < 0.05.




RESULTS

Among 41 eligible patients, a total of 80 patients were included and divided equally into two groups and all patients received the interventions. The Consolidated Standards Of Reporting Trials (CONSORT) flow diagram is depicted in Figure 1. The baseline demographic data show no statistically significant differences between the two groups (Table 1).


[image: Figure 1]
FIGURE 1. The CONSORT flow diagram. BMI, body mass index; SCPB, superficial cervical plexus block; GA, general anesthesia; IC, combined ISPB with SCPB; ICTP, IC block combined with T2 TPVB; ISPB, interscalene brachial plexus; ORIF, open reduction and internal fixation; TPVB, thoracic paravertebral block.



Table 1. Baseline demographic characteristics.
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The success rate of regional anesthesia in the ICTP group was higher compared with the IC group (77.5 vs. 52.5%, p = 0.019, Figure 2). Remifentanil was required and effective in 32.5% of patients in IC group, while 17.5% in ICTP group (p > 0.05). Conversion to GA was performed in 15% of patients in the IC group and 5% in the ICTP group, respectively (p > 0.05).


[image: Figure 2]
FIGURE 2. Anesthetic effects outcomes. The success rate of surgical anesthesia in the ICTP group was higher compared with the IC group (77.5 vs. 52.5%, p = 0.019). There was no difference in requirement of rescue anesthesia (IV remifentanil or GA) between groups. *p < 0.05 was taken to indicate statistical significance.


The sensory block at the medial proximal upper arm (including partial and complete block) was achieved in 85% of patients in the ICTP group, whereas only 10% in the IC group (p < 0.001). There was no significant difference in the rate of sensory block at the supraclavicular region, deltoid region, or lateral proximal upper arm between groups (p > 0.05). The sensory block assessment is summarized in Figure 3. The two study groups had a similar incidence of intraoperative adverse reactions (Table 2). No block procedure-related complications occurred in either group.


[image: Figure 3]
FIGURE 3. Sensory block outcomes. The result was described as three levels: no block (normal sensation), partial block (reduced sensation), and complete block (no sensation at all). The testing region around the deltopectoral incision was divided into 4 sections: A, supraclavicular region; B, deltoid region; C, lateral proximal upper arm; D, medial proximal upper arm. Sensory block at the medial proximal upper arm (including partial and complete block) was achieved in 85% of patients in the ICTP group, whereas only 10% in the IC group (p < 0.001). There was no difference between groups in the other regions. *p < 0.05 was taken to indicate statistical significance.



Table 2. Incidence of adverse reactions.
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DISCUSSION

The results of our study indicated that supplementary T2 TPVB was helpful to decrease, but not absolutely avoid the occurrence of incomplete RA. With the assistance of a minor dose of remifentanil, the majority of patients avoided conversion to GA. These findings provide us evidence to discuss the pending question of whether it is necessary to perform an additional upper thoracic nerve level block with the cervical-brachial plexus block-based regional anesthesia during PHF surgery.

The deltopectoral approach covers from the anterior shoulder to the proximal upper arm. The innervation (including dermatome, myotome, and sclerotome) mainly involves supraclavicular nerve (C3–C4), suprascapular nerve (C5–C6), axillary nerve (C5–C6), lateral pectoral nerve (C5–C7), and musculocutaneous nerve (C5–C7) (16–18). These nerves originate from the cervical and brachial plexus, but their contributions vary across individuals. In the present study, the superficial cervical and interscalene brachial plexus blocks provided complete surgical anesthesia for merely 52.5% of the patients in the IC group. It means that this surgical region is not consistently innervated by the above nerves. Relatively, with the supplement of T2 TPVB, 77.5% of the patients in the ICTP group did not require rescue anesthesia. Although this was not an ideal outcome for clinical application even achieved statistic difference, it at least proved that adding a T2 TPVB was beneficial to improve the regional anesthetic effect in part of the population.

The reason for incomplete regional anesthesia possibly is multifactorial. Firstly, the inferior trunk perhaps was not thoroughly blocked due to the fact that the interscalene block mainly targets the superior and middle trunks. The C8 root is difficult to be absolutely blocked by the spread of LA during the interscalene groove or TPVS (19). Therefore, the combination mode of different approaches should be improved for a more comprehensive brachial plexus block. The hybrid technique of interscalene and supraclavicular approach, interscalene and C8 block, or selective trunks block was recently proposed to completely block the three brachial trunks in PHF surgery (11, 20–22). However, none of the modes was supported by neither the large cohort of patients nor the randomized controlled trial. Interestingly, the authors also mentioned that the above techniques were unable to provide a sensory block to the medial aspect of the proximal upper arm due to the missing block of T2–T3. Regrettably, none of them proposed adding an upper thoracic nerve block in PHF surgery. Secondly, T2 TPVB failed to block the sensory of the medial proximal upper arm in 15% of patients, which might be attributable to the unexpected spread of local anesthetic (LA). In a previous study, the researchers administered TPVB at the T3 level and found that the LA mainly spread to T3–T5 rather than T2 (23). The study of Naja and Lönnqvist (24) also proved that sensory spread was usually observed below the level of injection, with very limited cephalad spread. The study conducted by Ruscio et al. (25) concluded that the sagittal approach TPVB had a higher success rate than both transversal in-plane and out-of-plane techniques (93/81/83%). In a cadaver study, a higher injection volume resulted in a larger number of stained thoracic nerves (26). Thus, a modified TPVB technique based on volume or approach might provide a more successful RA.

Under this situation, to weigh the pros and cons, the risks of TPVB should be taken into account. In our study, the incidences of adverse reactions were not significantly different between the two groups, although seemed a little higher compared with the previous studies (27–29). This slight discrepancy might be due to the sensibility of remifentanil in the elderly (30). As the method described by Pangthipampai et al. (31), we also injected the LA into the apex of TPVS at the level of the transverse process, which is far from the intervertebral foramen. This will help to prevent unintentional epidural spread and neuraxial complications. However, zero block-related complication does not mean no potential risk. The necessity of adding a T2 TPVB should be considered seriously since a minor dose of remifentanil infusion was also an effective rescue option. To anxious patients, GA with LMA is more acceptable rather than TPVB or opioids.

We acknowledge some limitations of this study. Firstly, all the block procedures were performed by a single anesthesiologist. This limited the generalizability of our findings, although it reduced performance bias. Secondly, to reduce the incidences of diaphragmatic paralysis and pneumothorax, the combination use of supraclavicular approach and interscalene approach brachial plexus block was not adopted in our study, which might be relevant to the insufficient anesthesia. Lastly, to evaluate the risks of T2 TPVB in elderly patients, we excluded the young population. This might lead to selection bias.



CONCLUSION

In conclusion, supplementary T2 TPVB is useful to avoid insufficient regional anesthesia during PHF surgery in some elderly patients. However, considering the potential risks, it is not an ideal option while a minor dose of remifentanil can provide a satisfactory rescue effect. Whether to apply this technique should be decided according to the situation of the patient and the experience of the anesthesiologist.
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0.108
0316
0.114
0.927
0.491
0.658
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