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Background: This study aims to evaluate the degree of diaphragmatic paralysis by assessing diaphragmatic excursion and pulmonary
function following an ultrasound-guided interscalene brachial plexus block with two different concentrations of ropivacaine (0.2% and
0.5%).

Methods: Forty patients undergoing shoulder arthroscopic surgery were randomly assigned to receive ultrasound-guided interscalene
brachial plexus block with 20 mL of either 0.2% or 0.5% ropivacaine. Diaphragmatic excursion (DE) and diaphragm thickening
fraction (TF) were measured using M-mode ultrasound before and 30 minutes after the block. Pulmonary function was assessed using
a portable spirometer. Additional outcomes included pain scores and the occurrence of adverse effects.

Results: DE was significantly reduced 30 minutes after block in the 0.5% group compared to the 0.2% group (p<0.01), as well as the
TF (p<0.01). Forced vital capacity (FVC) was also significantly reduced in the 0.5% group 30 minutes after block in the preparation
room compared to the 0.2% group (p<0.001). Both 0.2% and 0.5% ropivacaine had similar effects in improving postoperative pain.
There were no serious block-related complications in either group.

Conclusion: 0.2% ropivacaine may impair pulmonary function less than 0.5% ropivacaine. The clinical significance of these
differences requires further investigation.

Keywords: interscalene brachial plexus block, ropivacaine, diaphragmatic paralysis, diaphragmatic excursion, thickening diaphragm
fraction

Introduction

Interscalene brachial plexus block (ISB) is a well-established anesthesia and analgesia technique widely used in upper
limb surgeries. In recent years, the widespread use of ultrasound technology has enhanced ISB by allowing visualization
of anatomical structures and dynamic monitoring of local anesthetic diffusion, shortening the anesthesia operation time,
increasing the success rate of anesthesia, and reducing the incidence of complications.' However, due to the close
anatomical proximity, it is challenging to avoid blocking the phrenic nerve and causing diaphragmatic paralysis.**
Diaphragmatic dyskinesia can result in reduced ventilation, lower oxygen saturation (SpO,), and dyspnea,” particularly

in patients with pre-existing ventilatory dysfunction, such as obese patients.® Previous studies have found that reducing
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the volume of local anesthetic can reduce the incidence of diaphragmatic paralysis.”'' However, there is still a lack of
research on the effects of local anesthesia at different concentrations on both analgesia and diaphragmatic paralysis.

Ultrasound is a non-invasive, cost-effective, and easily obtainable tool that can be used to evaluate diaphragmatic
dysfunction (DD).'*"?

In this study, we aimed to use the same volume but two different concentrations of ropivacaine for ultrasound-guided
ISB. We then used the ultrasound to evaluate the diaphragmatic dysfunction following the nerve block. Additionally, we
observed the analgesic effects and other characteristics of the brachial plexus block to provide more data for improving
clinical safety.

Methods

Subjects

Our trial was prospectively registered in the Clinical Trial Registry of the People’s Republic of China (Registry No.
NCT06640621). This study was approved by the Ethics Committee of Peking University Third Hospital. All participants
were informed about the purpose of the trial, in accordance with the Declaration of Helsinki and written consent was

obtained from all participants. According to previous studies,'*!°

the incidence of complete phrenic nerve block after
0.5% ropivacaine 20 mL interscalene brachial plexus block was about 60%, and the incidence of complete phrenic nerve
block after 0.2% ropivacaine 20 mL interscalene nerve block was about 20%. Set a = 0.05, B = 0.2, the calculation results
were 20 cases in each group. From November 2022 to October 2023, forty patients scheduled for shoulder arthroscopic
surgery under general anesthesia were included in the study. ISB was used for postoperative analgesia. The inclusion
criteria were: American Society of Anesthesiologists Physical Status Classification I or 11, age 18~65 years, and a body
mass index (BMI) of 18~30 kg/m*. Exclusion criteria included allergy to local anesthetics, infection at the injection site,
coagulation disorders, respiratory diseases, phrenic nerve injury, severe organ dysfunction, and refusal to provide

consent.

Research Design

A computer-generated sequence of random numbers and a sealed-envelope technique were used to assign patients
randomly to receive either 20 mL 0.2% ropivacaine (Group L) or 20 mL 0.5% ropivacaine (Group H). The patients,
anesthesiologists, and outcome assessors were blinded to the patients’ group allocations.

Preparation Before Block

All patients underwent routine fasting and water restriction before surgery, with no preoperative medication administered.
After establishing intravenous access, standard monitoring was initiated, including electrocardiogram, blood pressure,
and pulse oxygen saturation.

Diaphragm Mobility Monitoring
Diaphragm excursion (DE) and thickening diaphragm fraction (TF) were measured both before and 30 minutes after the
nerve block.'® To measure DE, patients were placed in a supine position, a convex transducer (3.5 ~ 5 MHz, Wisonic,
China) was used to scan while the right diaphragm through the hepatic window and the left diaphragm through the
splenic window, which located near the anterior-axillary line. The craniocaudal movement of the diaphragm was
documented during deep inspiration using M-mode. Complete diaphragmatic paralysis was defined as a 75% ~ 100%
reduction in DE, including the occurrence of paradoxical movement. Partial diaphragmatic paralysis was defined as
a 25% ~ 75% reduction, while no diaphragmatic paralysis was indicated by a DE reduction of less than 25%.'” To
measure TF, patients were placed in the same position with the head of the bed at 45°. The diaphragm zones of apposition
were located along the mid-axillary line with a linear transducer (4 ~ 15 MHz, Wisonic, China).

All measurements were repeated twice in each patient and by the same blinded investigator to reduce intra-observer
and inter-observer variability.
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Additionally, a handheld spirometer (SP10BT; CONTAC) was used to measure pulmonary function tests, including
forced vital capacity (FVC), with patients in an upright-seated position at baseline and 30 minutes after the nerve block,
as well as 2-hours post-surgery. Spirometry was performed three times, with the best effort recorded.

Ultrasound-Guided ISB

All nerve blocks are performed by an experienced anesthesiologist in the preparation room before the surgery. After skin
disinfection, 2% lidocaine was used for infiltration, followed by an in-plane ISB using a 22-gauge, 50-mm insulated short
bevel needle (SonoPlex STIM, Pajunk Medical Systems, USA). The block needle was inserted in-plane from posterior to
the probe, with the needle tip positioned between the anterior and middle scalene muscles. Local anesthetic was injected
in divided doses after confirming negative aspiration for blood. An observer, blinded to the injection concentration,
evaluated sensory and motor blocks every 5 minutes last for 30 minutes post-block.

Sensory assessment of cold sensation was conducted on the C4 (top of shoulder), C5 (lateral shoulder), C6 (thumb
and index finger), C7 (middle finger), C8 (ring and little fingers), and T1 (medial forearm) dermatomes, with the opposite
side as a control. Sensory testing was graded on a 3-point scale: 0 points for no block, 1 point for pain relief (touch
sensation present, but cold absent), and 2 points for anesthesia (no sensation of touch or cold).

Motor block was evaluated in the C5 (shoulder abduction), C6 (elbow flexion), C7 (elbow extension), C8 (thumb
opposition), and T1 (finger adduction) dermatomes with the opposite side as a control. The block was considered successful
if the sensory score was 1 or higher; otherwise, it was classified as a failure. Motor blockade was evaluated by shoulder
abduction and forearm flexion, using the modified Bromage scale as follows: 4-full power, 3-reduced power but able to lift
the arm against resistance, 2-able to move the muscle group against gravity but unable to lift the arm against resistance,

1-perceptible muscle contraction, but unable to move on purpose, and 0-unable to move the relevant muscle group.

Perioperative Management

All patients received general anesthesia during the operation with sufentanil 0.3 pg/kg, propofol 1 ~ 1.5 mg/kg, and
cisatracurium 0.2 mg/kg for induction and tracheal intubation. Anesthesia was maintained with remifentanil 0.01 ~
0.03 pg/kg/min and sevoflurane 1.5 ~ 2% to maintain the blood pressure and heart rate within 20% of the patient’s basic
value. The bispectral index value was maintained within 40 ~ 60. Flurbiprofen axetil 50mg and ondansetron 8mg were

administered during skin incision closure.

Outcome Measurements
The primary outcome was the incidence of ipsilateral HDP. The secondary outcomes included pain scores at 2- and 24-
hours post-surgery, assessed using the Numeric Rating Scale (NRS)-11 scale. Patients with an NRS-11 score greater
than 4 received rescue analgesia of tramadol 100 mg. Patients’ total analgesia consumption in 24 hours was
documented.

In addition, complications such as local anesthetic toxicity, Horner’s syndrome, hypoxemia, dyspnea, pneumothorax,
and any adverse events like postoperative nausea and vomiting (PONV) and dyspnea were also recorded.

Statistical Analysis

SPSS (V.22.0; SPSS Inc., Chicago, ILL, USA) was used for statistical analysis. Continuous variables were
analyzed using the Student’s #-test or the Mann—Whitney U-test based on the normality of data distribution. For
normally distributed data, results are expressed as mean + standard deviation (Xt s), and comparisons between
groups were conducted using the independent samples t-test. For non-normally distributed data, results are
represented as median (P25— P75), with comparisons between groups performed using the Wilcoxon rank-sum
test. Categorical variables are represented as frequencies (percentages), and the Pearson y* test was used for
comparison between groups. A p-value of <0.05 was considered statistically significant.
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Results

Out of 45 patients assessed for eligibility, four patients did not meet the inclusion criteria, and one patient declined to
participate. Forty patients participated in the study; the CONSORT flowchart is shown in Figure 1. The patients’
characteristics and surgical data are shown in Table 1. There was no significant difference in sex distribution between
the groups according to Fisher’s exact test (p=0.626). All patients were between 18 and 65 years of age, with no significant
difference between the groups (p=0.360). Additionally, BMI was comparable across both groups (p=0.189). Thus, the two
groups were well-matched in terms of baseline characteristics, including sex distribution, age, and BMI. The results of
sensory block and motor block in the two groups are shown in Table 2. NRS was used to assess the degree of postoperative
pain at 2- and 24- hours after surgery, as shown in Table 3. Despite the different concentrations of ropivacaine used, there
was no significant difference in NRS pain scores between the two groups at either time point. These findings suggested that
both 0.2% and 0.5% ropivacaine provide similar effects in improving postoperative pain in patients.

The diaphragm DE refers to the displacement of the diaphragm during inhalation contraction, while the diaphragm TF
is used to quantify its contractile ability. As shown in Table 4, in the 0.5% ropivacaine group, both DE and TF reduced
significantly after the block (p<0.001), both during normal and deep respiration. In the 0.2% ropivacaine group, despite
the lower concentration of ropivacaine, both DE and TF reduced significantly after the block (p<0.001), similar to those
observed in the 0.5% group. Further comparison of the effects of different ropivacaine concentrations on diaphragmatic
activity showed that both DE and TF under both normal and deep respiration was significantly reduced in the 0.5% group
compared to the 0.2% group. Fisher’s exact test revealed a statistically significant difference in TF distribution between
the two groups (p<0.001). These findings suggest that while both low and high concentrations of ropivacaine affect
diaphragmatic activity, the impact is more pronounced with higher concentrations.

The diaphragm is the primary muscle responsible for respiratory activity. Therefore, we evaluated changes in pulmonary
function while observing diaphragm activity. As shown in Table 4, the use of 0.5% ropivacaine significantly reduced
pulmonary function than the 0.2% ropivacaine group at both 30 minutes post-block (p<0.001) and 2 hours postoperatively

Enrollment Agsgssed for =
eligibility (n=45) Excluded(n=5)
* Not meeting inclusion
criteria (n=4)
¥ * Declined to
participate(n=1)

\ 4

Randomized
(n=40)
\ 4
v v
Allocated to ISB with Allocation Allocated to ISB with
0.5% ropivacaine(n=20) 0.2% ropivacaine(n=20)

A 4 \ 4
Follow up (n=20) Follow up (n=20)
« Excluded (n=0) Follow up « Excluded (n=0)

v \ 4
Analyzed (n=20) Analysis Analyzed (n=20)

Figure | The CONSORT flowchart.
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Table | Patient Characteristics

Variables Group H (n=20) | Group L (n=20) | P -Value
Age (years) 42.1£15.0 46.7+16.4 0.360
Height 167.6+9.1 170.1£9.5 0.526
BMI (kg/m?) 25.4+3.7 24.0+2.3 0.189
Sex (Female/Male) 8/12 8/12 0.626
Surgical side (Left/Right) 91 10/10 0.500
Anesthesia duration (min) | 159(127.5, 196.5) | 147(118.8, 184.8) 0.355
Operative time (min) 95(69.3, 132.5) 76.5(65.5, 113.3) 0.301

Table 2 Sensory and Motor Block Assessment After 30 min After Interscalene
Block (n, %)

Variable Group H (n=20) | Group L (n=20) | P -Value
Sensory block (failure/success)

C4 9/l 14/6 0.1

C5 0/20 0/20 /

Cé 0/20 0/20 /

c7 4/16 18/2 0.000%*
c8 13/7 17/3 0.273
Motor block (0/1/2/3/4)

Shoulder abduction 14/6/0/0/0 0/6/13/1/0 0.0*
Forearm flexion 11/9/0/0/0 0/0/13/7/0 0.0*

Notes: Sensory block: 0 points for no block, | point for pain relief (touch sensation present, but cold
absent), and 2 points for anesthesia (no sensation of touch or cold). The block was considered
successful if the sensory score was | or higher; otherwise, it was classified as a failure. Motor block:
4, full power; 3, reduced power but able to lift arm against resistance; 2, moves muscle group against
gravity but unable to lift arm against resistance; |, perceptible muscle contraction, but unable to move
purposely; and 0, no movement in relevant muscle group. * indicates P -value less than 0.05.

Table 3 Pain Scores and Adverse Effects

Group H (n=20) | Group L (n=20) | P -Value

Pain score (NRS)

At 2h 1.4+0.5 1.6+0.5 0.429
At 24h 3.2+0.8 3.0l 0.547
Horner syndrome 3 | 0.605
PONV 2 3 1.000
Dyspnea 0 0 /
Neurological deficits 0 0 /

Abbreviations: NRS, Numeric Rating Scale; PONYV, postoperative nausea and vomiting.

(p<0.001). In contrast, 0.2% ropivacaine did not affect pulmonary function, which means pulmonary function, particularly

FVC, was better preserved in the low-concentration group compared to the high-concentration group.

Baseline DE was similar between the two groups (group L: 5.7 £0.8 cm vs group H: 5.6+£1.0 cm; p=0.771). In group
L, one patient (5.0%) experienced complete HDP, while 19 patients (95.0%) had partial HDP. In group H, 14 patients
(70.0%) experienced complete HDP, and six patients (30.0%) had partial HDP (Table 4). There were no significant
differences in the pre-block FVC between the groups; however, reductions in FVC after the block were significant

(Table 4).
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Table 4 Diaphragmatic Paralysis and Pulmonary Function Test

Item Group H (n=20) Group L (n=20) P -Value
DE (pre-block), cm

Calm breathing 1.9(1.7, 2.2) 1.9(1.8, 2.2) 0.672

Forced breathing 5.5(4.8, 6.4) 5.6(5.1, 6.1) 0.771
DE (post-block), cm

Calm breathing 0.4 (0, 0.6) 1.2 (0.9, 1.4) 0.000%*

Forced breathing 1.2 (1.0, 1.6) 2.7 (2.1, 3.0) 0.000*
TF (pre-block), %

Calm breathing 23.3(20.5, 26.9) 23.6(20.0, 29.0) 0.804

Forced breathing 54.8(50.3, 60.5) 54.3(49.1, 61.7) 0.751
TF (post-block), %

Calm breathing 2.2(0, 5.9) 12.5(10.3, 15.3) 0.000%*

Forced breathing 9.8(6.4, 12.5) 27.9(22.3, 33.6) 0.000%*
Pulmonary Function Factor (pre-block), mL 2442.7(2204.2, 3276.3) | 2564.0(1775.2, 3038.1) 0.525
Pulmonary Function Factor (post-block), mL 1621.3(1318.8, 2006.5) | 2395.5(1723.5, 2875.5) 0.001*
Pulmonary Function Factor (after surgery), mL | 1791.4(1343.1, 2168.5) | 2281.0(1798.2, 2778.1) 0.01*
HDP, n (%) 0.000%*

Partial 6(30) 19(95)

Complete 14(70) 1(5)

Notes: *indicates P -value less than 0.05.
Abbreviations: DE, diaphragmatic excursion; TF, diaphragm thickening fraction; HDP, diaphragmatic paralysis.

Pre-operative TF was 55 + 8% in Group L and 56£8% in Group H (p = 0.319). Post-operative TF was 9+4% in Group
L compared to 27 + 8% in Group H (p<0.01). The changes in TF before and after the block are shown in Figure 2.
Consequently, post-block diaphragm function showed a more significant decrease in Group H compared to Group L.

There were no significant differences in the adverse events. Additionally, no neurological deficits were identified
during follow-up in either group (Table 3).
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0 T T
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Figure 2 The changes in TF before and after the block.
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Discussion
This study demonstrates that reducing the concentration of 20 mL ropivacaine from 0.5% to 0.2% for ISB in arthroscopic
shoulder surgery reduces the degree but not the incidence of HDP.

Ropivacaine is one of the most commonly used local anaesthetic drugs for ISB. The optimal volume and concentra-
tion of the anesthetic play a pivotal role in minimizing the adverse effects associated with peripheral nerve blocks.
Michael J et al demonstrated that the concentration of ropivacaine for interscalene block primarily influences the extent
of motor block."® Our study yielded similar results, showing that both low- and high-concentration ropivacaine groups
provided effective analgesia at 2- and 24- hours postoperatively. However, the incidence of complete diaphragmatic
paralysis was significantly lower in the low-concentration group.

The phrenic nerve originates from the C3—C5 spinal nerves, courses along the surface of the anterior scalene muscle,
and descends into the thorax to innervate the diaphragm. Previous studies have shown that the incidence of HDP after
ISB with 20 mL of local anesthetic is as high as 92% to 100%.%'*° Our findings are consistent with these results, as the
incidence of HDP was 100% in both the low- and high-concentration groups. However, the degree of paralysis varied: in
the low-concentration group, most cases were partial, with only one case (1/20) of complete paralysis. In contrast, the
high-concentration group had 14 cases (14/20) of complete paralysis. This may be due to the potential for sensory-motor
separation with low-concentration ropivacaine, where the degree of motor blockade is reduced.”' Contrary to our
findings, Zhai Wenwen et al reported no statistically significant difference in the probability of complete anesthesia
between the high-concentration (0.5%) group and the low-concentration (0.25%) group after surgery.”> This discrepancy
could be attributed to differences in the volume of local anesthetic administered, with 10 mL used in the high-
concentration group and 20 mL in the low-concentration group.

Postoperative ipsilateral diaphragmatic paralysis remains a common occurrence following BPBA, while the incidence of
PPC after surgery is rare and predominantly mild.'®** Our research findings align with previous literature, confirming that
while both patient groups exhibited varying degrees of diaphragmatic paralysis, none experienced complications such as
respiratory distress or decreased oxygen saturation. This may be attributed to the compensatory enhancement of contralateral
diaphragm function following paralysis of the affected side, leading to an overall increase in diaphragm functionality.'®
However, in patients with compromised respiratory function, such as those affected by obstructive or restrictive ventilatory
disorders, neuromuscular conditions, or morbid obesity, HDP may lead to significant adverse effects.®>**>

Our study has important clinical implications, as optimizing the dosage of local anesthetics could significantly
improve patient outcomes by decreasing the incidence of respiratory complications associated with complete diaphragm
paralysis. This is especially relevant for individuals with pre-existing respiratory conditions.

The study has several limitations. First, patients with lung diseases or severe obesity were excluded from our
research, highlighting the need for further investigation in these populations. Second, our findings are specific to
arthroscopic shoulder surgery and may not be directly applicable to open shoulder surgery. Third, our evaluation was
restricted to pain assessment within the initial 24 hours post-surgery, and we did not extend follow-up beyond this period.
Finally, we were unable to assess the onset and duration of the brachial plexus blockade.

In conclusion, this study demonstrates that administering a lower concentration of ropivacaine (0.2%) during shoulder
arthroscopy effectively manages postoperative pain while preserving diaphragm function, compared to using a higher
concentration of ropivacaine (0.5%).
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