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Incidence of hemidiaphragmatic paresis after peripheral nerve
stimulator versus ultrasound guided interscalene brachial
plexus block
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Abstract

Background and Aims: We compared interscalene brachial plexus block (ISBPB) using peripheral nerve stimulation
(PNS) and ultrasound (US) techniques. The primary outcomes were the incidence of hemidiaphragmatic paresis (HDP)
and the duration of the block. Secondary outcomes were the block success rate, time to conduct the block, onset of sensory
block, and dermatomal spread, postoperative pain by Numeric Rating Scale (NRS), duration of postoperative analgesia
and incidence of complications.

Material and Methods: We conducted a prospective, randomized, and observer-blinded study in 60 patients undergoing
shoulder arthroscopy under block plus general anesthesia. ISBPB was performed with 10 ml of 0.5% bupivacaine using either
PNS (Group PNS, n = 30) or US (Group US, n = 30). Hemidiaphragmatic function, the primary outcome, was assessed by
ultrasonographic evaluation of diaphragmatic movement and pulmonary function tests using a bedside spirometer (forced vital
capacity, forced expiratory volume in 1 s and peak expiratory flow rate). General anesthesia was administered to all the patients
for surgery. P < 0.05 test was considered to be statistically significant.

Results: Twelve patients in Group PNS had HDP and none in Group US (P < 0.0001). PFTs were also significantly reduced
in Group PNS (P < 0.0001). The time to conduct the block and sensory onset time both were less in Group US (P < 0.05).
The groups did not differ in block success rate, duration of analgesia, and NRS. Other complications like incidence of Horner’s
syndrome and vascular puncture were comparable in both the groups.

Conclusions: PNS guided ISBPB with 10 ml of 0.5% bupivacaine is associated with a higher incidence of HDP as compared
to US guided ISBPB. There is no significant difference in quality or duration of analgesia in the two groups.
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Introduction Hence, in certain institutes a combination of interscalene block
with general anesthesia is utilized for shoulder arthroscopy.

Although shoulder surgeries can be done under interscalene

brachial plexus block (ISBPB) alone,! for shoulder

arthroscopy that involves a beach chair or lateral position
and a lot of irrigation, block alone may be uncomfortable.?!
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Interscalene brachial plexus block affects mainly the C5, 6,
7 spinal roots at their trunks and thus provides complete
anesthesia of shoulder. The phrenic nerve is primarily
composed of the anterior branch of spinal root C4 with
variable contributions from spinal roots C3 and C5.5 It
courses caudally over the ventral surface of the anterior scalene
muscle and prevertebral fascia that covers it.”! It is either
this close proximity of phrenic nerve to brachial plexus or a
cephalad spread of the local anesthetic to the C3-C5 roots
of the cervical plexus that appears to be responsible for its
block and the resultant hemidiaphragmatic paresis (HDP)
which 1s associated with changes in respiratory mechanics.®’!

Studies have compared the influence of various techniques
such as peripheral nerve stimulator (PNS) versus ultrasound
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(US) guided block, and the volume of local anesthetics on
the incidence of HDP.B1%

Previous studies with varied local anesthetic volumes at either
cricoid level or at the level of C7 have documented a high
incidence of HDP!''*1 We decided to do the current study
with 10 ml of local anesthetic (0.5% bupivacaine) for giving
ISBPB at a cricoid level either by US or PNS technique. The
primary outcome of the study was the incidence of HDE, which
was done by assessment of hemidiaphragmatic function by US
and spirometry tests. The secondary outcomes were to study
block success rate, time taken to conduct the block, sensory
dermatomal spread, incidence of complications (vascular
puncture, Horner’s syndrome), duration of hemidiaphragmatic
dysfunction and postoperative pain scores.

Material and Methods

After approval from Institutional Ethical Committee, 60
patients scheduled for shoulder arthroscopy were recruited
for the study. A written, informed consent was obtained
from all the subjects. Inclusion criteria were patients with age
between 18 and 50 years of either sex belonging to American
Society of Anesthesiologists physical status I/II. Exclusion
criteria were patients with local anesthetic allergy, preexisting
lung diseases or hemidiaphragmatic dysfunction, neuropathy,
coagulopathy, pregnancy. Patients were randomly allocated
using a computer generated random number table into either

Group US (n = 30, received US guided block) or Group
PNS (n = 30, received PNS guided block).

HDP was evaluated by measuring the movement of
diaphragm in supine position with a real ime M mode US
of hemidiaphragm using a 17 mm 1-5 MHz curved array
US probe (Sonosite Nanomaxx). A caudad motion of the
diaphragm during inspiration was considered normal. A 50%
reduction in diaphragmatic movement or paradoxical movement
(the cephalad motion during inspiration) was considered
to be HDP. Pulmonary function tests (PFIs) viz. forced
vital capacity, forced expiratory volume in 1 s, and peak
expiratory flow rate were recorded with bedside spirometer.
Values recorded were the average of three measurements. The
assessments were done by an independent observer at preblock
(baseline) and at 5, 10, 15, and 20 min after ISBPB. After
preblock assessment patients received sedation with intravenous
midazolam 0.03 mg/kg for the administration of block. Verbal
communication was maintained throughout the block procedure.
The time taken to conduct the block was recorded.

Group NS

Patients were put in supine position with the head turned
to the contralateral side. Under all aseptic precautions,

[SBPB was performed with PNS (B Braun, 22G
insulated needle). The needle was introduced in the
interscalene groove at the level of the cricoid and advanced
until contractions of either biceps (C5, 6 roots) or triceps
(Cé6, 7, 8 roots) were obtained. When these contractions
persisted at the stimulation current 0.2-0.5 mA, and
after negative aspiration, 10 ml of 0.5% bupivaciane was
injected slowly.

Group US

Interscalene brachial plexus block was given with an
in-plane approach using 22G short bevel needle at the
level of the cricoid cartilage. A 13-6 MHz linear array
probe (Sonosite Nanomaxx) was placed first to obtain an
image of sternocleidomastoid and scalene muscle in short
axis view. ©he needle was introduced in-plane from the
lateral side of the probe to reach between the anterior and
middle scalene muscle. The brachial plexus was identified
as the most hypoechoic nerve structures lying in the groove.
C5-C6 roots were confirmed by tracing and seeing them
joining to form the superior trunk of the brachial plexus.
The needle tip was adjusted caudally toward the C6 trunk,
and 10 ml of 0.5% bupivacaine was injected slowly with
negative aspiration. The drug was given with multi-injection
technique in a controlled fashion to avoid medial and rostral
spread. If such a spread was observed in real-time, the
needle tip was directed more caudally. Any collection of
local anesthetic anterior to scalenus anterior was observed
at the end of injection.

The end of the local anesthetic injection was taken as time zero.
The onset time of sensory anesthesia in dermatomes C4-C8

(C4 - top of the shoulder, C5 - skin over deltoid, C6 - tip
of thumb, C7 - tip of middle finger, C8 - tip of little finger)
were noted. The block was declared successful when complete
sensory anesthesia was achieved in dermatomes C5 and C6.
Other complications like vascular puncture and incidence of
Horner’s syndrome were also recorded.

All patients received general anesthesia 20 min after
parameter monitoring was completed. Patients were
induced with conventional doses of propofol and intubation
was facilitated by vecuronium. Anesthesia was maintained
with nitrous oxide, oxygen, and isoflurane mixture in
a closed circuit with vecuronium top ups. Standard
monitoring with an electrocardiogram, noninvasive blood
pressure, capnogram, and pulse oximetry was carried
out. In addition, depth of anesthesia was monitored with
entropy and whenever required fentanyl (maximum 2 mcg/
kg) was administered intravenously. At the end of the
surgery, patients were reversed, extubated and shifted to
recovery. In the immediate postoperative period, HDP and
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PF'Ts were evaluated and thereafter continued to monitor
at hourly intervals till 6 h in the recovery. Evaluation of
postoperative pain was done using a Numeric Rating Scale
(NRS). Thereafter, NRS was recorded on an hourly basis
and whenever pain score was >4, rescue analgesic in the
form of tramadol 2 mg/kg was given intravenously. The
time when rescue analgesia was demanded was recorded
as the duration of postoperative analgesia. Patients were
discharged to the ward with a prescription of paracetamol
infusion to be started at 8 h after surgery. HDP was
evaluated again on postoperative day 1.

Statistical analysis

Al-Kaisy et al. showed that by reducing the dose of bupivacaine
by 50% for ISBPB, the risk of having HDP decreased from
80 to 17%.1""1 We conducted a preliminary study in twenty-five
patients using US and found that none of the patients suffered
from HDP. On the basis of above two findings, the 95%
confidence interval was calculated using the modified Wald
method to be 0-0.16. The incidence of HDP in ISBPB with
PNS is 100%.1"?! Using Fischer exact sample size calculation
(power 90%), it was estimated to study 28 patients in each
group. We included 30 patients in each group to compensate
for the possibility of dropouts.

The data were analyzed by using SPSS (Statistical Package
for Social Sciences) version 18.0 (SPSS Inc, Chicago, IL,
USA). To compare the change over time in diaphragmatic
movements and pulmonary functions within groups repeated
measures analysis of variance was used. Nominal nonparametric
data were analyzed using % or Fischer exact test. Mann-
Whitney U-test was utilized to compare the difference of
nonparametric variables between groups. Student’s t-test was
used where applicable. P < 0.05 test was considered to be
statistically significant.

Results

All 60 patients completed the study. Patients’ demographic
profile and surgery characteristics were comparable in both

the groups [Table 1].

The incidence of HDP, Horner's syndrome and vascular
puncture are given in lable 2. Ten of the 12 patients with
HDP had a reduced and 2 paradoxical diaphragmatic motion.
The maximum duration of hemidiaphragmatic dysfunction

was 360 min. PFTs were significantly reduced in Group
PNS at all times after baseline [Table 3].

The C5 dermatome block was achieved in all patients of both
groups. Group US had a higher incidence of C7 and C8

level block, and a lower incidence of C4 level block compared

to Group PNS (P < 0.05). C3 block was also seen in 11

Table 1: Demographic profile (mean with SD in parenthesis)
Group US (n = 30) Group NS (n = 30) P

Patient and

surgery
characteristics

Age (years) 50 (11.6) 49 (8.7) NS
Weight (kg) 60.6 (14.8) 61.2 (16.2) NS
Sex (male:female) 14:16 15:15 NS
Surgical time (min) 110 (12) 118 (16) NS

SD = Standard deviation, NS = Not significant

Table 2: Incidence of HDP and other complications

HDP and other Group US Group NS P
complications

HDP 0 12 <0.0001
Horner’s syndrome 2 6 0.24
Vascular puncture 0 0 NS

HDP = Hemi-diaphragmatic paralysis, NS = Not significant

Table 3: Changes in pulmonary function tests (mean with SD in parenthesis)

Pulmonary function tests  Preblock 20 min postblock Immediate postoperative Recovery (360 min) Day 1
FvC (D
Group US 3.0 (0.7) 2.9 (0.9) 2.8 (0.8) 3.0 (0.8) 3.0 (0.7)
Group NS 3.2 (0.8) 2.0 (0.5) 2.1 (0.6) 2.5(0.9) 3.1 (0.6)
p 0.28 <0.0001 <0.0001 <0.05 NS
FEV1 (D)
Group US 2.3 (0.6) 2.2 (0.6) 2.1 (0.6) 2.3 (0.6) 2.3 (0.7)
Group NS 2.5 (0.6) 1.6 (0.4) 1.4 (0.5) 2.0 (0.3) 2.4 (0.6)
P 0.22 <0.0001 <0.0001 <0.05 NS
PEFR (I/min)
Group US 400 (94.5) 392 (110.3) 390 (99.2) 400 (112.8) 400
(98.6)
Group NS 420 (100.6) 320 (84.6) 300 (101.5) 350 (108.9) 420
(97.4)
P 0.14 <0.0001 <0.0001 <0.05 NS

SD = Standard deviation, FVC = Forced vital capacity, FEV1 = Forced expiratory volume in 1 s, PEFR = Peak expiratory flow rate, NS = Not significant
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patients in Group NS as against none in Group US (P <
0.05) [Figure 1].

Block characteristics are given in Table 4.

Discussion

HDP associated with ISBPB can cause a compromise in
ventilation in patients with limited pulmonary reserve like the

morbidly obese, those with chronic obstructive lung diseases,
and the elderly.["

Traditionally, ISBPB was given with landmark technique
eliciting paresthesia with 40 ml of LA that resulted in 100%
incidence of HDP!'?' Attempts were made to decrease the
incidence of HDP by decreasing the LA volume from 40 to 20
ml and then to 10 ml, using landmark or PNS technique.”'% It
was observed that with PNS technique and using 10 ml of LA,
there was a 20% decrease in the incidence of HDP but the block
had inconsistent C3-C6 dermatomal spread.” Therefore it 1s
still uncertain whether 10 ml is sufficient for complete anesthesia

of the shoulder.!"¥

With the advent of US, interventions were carried out by
changing the site of drug injection or by further decreasing
the LA volume.l'%'>'% Previous efforts to determine the
minimum effective LA dose for ISBPB with least decrease
in hemidiaphragmatic function demonstrated a dose-response
relationship. Gautier P et al. found that, a minimum LA
volume of 5 ml was effective for adequate anesthesia.'”! Renes
et al. compared PNS and US guided interscalene block at the
level of C7 and found a significant reduction in the incidence
of HDP in the latter group.!"”! They hypothesized that at C7
level the injection site 1s farther away from upper cervical roots
and phrenic nerve compared to the cricoid level. However, the
safety of administering ISBPB at C7 level near C7 tubercle,
which has vertebral vessels in close vicinity is to be challenged.
Sinha et al. compared US guided 20 versus 10 ml of LA
injected at the cricoid level and found that the low volume
did not decrease the incidence of HDP!'® Our results are
contradict these findings. The difference in the results can
be ascribed to the fact that we injected the drug caudally in
a controlled fashion, and observed the spread over anterior
scalene muscle at the end of injection. This may indicate
direct spread to be one of the causative factors for the HDP
at the cricoid level. We postulate that with PNS, the needle
1s inserted more proximal to the scalenus anterior which could
lead to spreading of LA toward scalenus anterior muscle and
blocking of the phrenic nerve. We, however, did not ascertain
this spread at the end of LA injection in PNS group.

Kessler et al. "8 found by US that the distance between the

Comparison of dermatomal spread
3030 2830 30 o8
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Figure 1: Dermatomal spread

Table 4: Block characteristics (mean with SD in
parenthesis)

Block characteristics Group US Group NS P

(n = 30) (n = 30)
Time to conduct block (min) 4.3 (1.5) 8 (1.5) 0.009
Sensory onset time (min) 12 (3) 19 (2) 0.02
Success rate (%) 100 99 NS
Block duration (min) 570.1 (66.2) 548.6 (88.3) NS
NRS (immediate postoperative) 0 0 NS
NRS (recovery) 0-2 0-4 NS

NRS = Numeric rating scale, SD = Standard deviation, NS = Not significant

phrenic nerve and C5 root was 1.8 mm at the cricoid and
10.8 mm at a point 3 cm caudal. They suggested that phrenic
nerve block was independent of LA volume at the cricoid level
because of the proximity of the phrenic nerve to the C5 root.

With the use of US, the drug is precisely deposited around target
structures, and hence a lesser volume of LA appears sufficient.!'”
Riazi et al.'"” found a lower incidence of HDP with 5 ml of LA
compared to 20 ml using US. US allows real-time visualization
with scrupulous drug deposition thus hastening the onset and
easing the administration of block.?”! Our finding of adequate
sensory anesthesia in both groups is consistent with results
from previously conducted studies. However, we observed more
complete block of C5-C7 with US compared to PNS. C3 block
was only seen and C4 was more commonly blocked with PNS.
The association of HDP and reduced PFIs that we elucidated
in our study are in concordance with others. LA volume as low
as 3 ml for ISBPB has been implicated in causing respiratory
distress from concurrent phrenic nerve block.?"! Although none
of the patients in Group US suffered from HDP, the inability
to predict which patients are prone to develop this complication
prevents it from being used in patients with severe respiratory

compromise.??

There are certain limitations to our study. We included only
sensory blockade monitoring and instituted general anesthesia
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in all patients; hence our results cannot be extrapolated to
surgeries that need to be done under ISBPB alone. We did
not perform an ultrasonographic evaluation to determine LA
spread over anterior scalene muscle in the PNS group, which
would have helped in deducing the mechanism of HDP in
PNS group. Another limitation was that there was no blinding
of the patient.

Conclusion

The incidence of hemidiaphragmatic paralysis is high with
PNS guided ISBPB compared to US guided even with

10 ml of local anesthetic volume. Nevertheless caution is
warranted while using US ISBPB in patients with limited
pulmonary reserve.
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