
194

Superior trunk versus interscalene brachial plexus block 
in humerus surgery: a randomised controlled trial

Chandni Sinha1, Poonam Kumari1 ID , Ajeet Kumar1, Amarjeet Kumar1, 
 Abhyuday Kumar1, Ditipriya Bhar2, Arun S.K.3, Chethan Vamshi2

1All India Institute of Medical Sciences, Patna, India
2All India Institute of Medical Sciences, Delhi, India
3Sparsh Hospital Bangalore, India

ORIGINAL AND CLINICAL ARTICLES

Ultrasound (US)-guided interscalene (IS) block is 
a commonly performed procedure for anaesthesia 
and analgesia for shoulder and humerus surgery. 
Though it provides excellent analgesia, it is asso-
ciated with adverse effects such as hemidiaphrag-
matic paralysis, dyspnoea and hoarseness [1, 2].  
It can also result in dorsal scapular or long thoracic 
nerve injury. Recently, Burkett et al. [3] described 
superior trunk (ST) block wherein the local anaes-
thetic was deposited around the ST (formed by fu-
sion of C5 and C6 nerve roots). They stated that it 
reduces the risk of hemidiaphragmatic paresis and 
provides adequate analgesia in shoulder arthrosco-
pies. Other studies have also confirmed its utility in 
arthroscopic surgery [4]. Recently, two studies have 
used ST block as an anaesthetic technique in open 
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humerus surgery. It provided adequate analgesia 
with no adverse effects [5, 6]. We hypothesized that 
administering an ST block to a patient undergoing 
humerus surgery would preserve hemidiaphrag-
matic function while providing comparable peri-
operative analgesia as compared to an IS block. 
The study aimed to compare ST block with IS block 
in terms of incidence of hemidiaphragmatic pare-
sis, perioperative opioid requirement, and other 
adverse effects. 

Methods
After Institutional Ethics committee (AIIMS/Pat/ 

IEC/2020/454) approval, this trial was registered 
in the Clinical Trial Registry of India (CTRI/2021/ 
05/033841). The study was carried out according to 
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Abstract
Background: Ultrasound (US)-guided interscalene (IS) block is a commonly performed 
block for shoulder and humerus surgery. Though it provides excellent analgesia, it is 
associated with hemidiaphragmatic paralysis and dyspnoea. Superior trunk (ST) block 
has been described, wherein the local anaesthetic is deposited around the ST block 
(formed by fusion of C5 and C6 nerve roots). This study aimed to determine whether  
ST block provides similar analgesic efficacy with lower incidence of diaphragmatic  
paresis in patients undergoing proximal humerus surgery. 

Methods: A total of 62 patients scheduled to undergo unilateral internal fixation (plat-
ing) for proximal or mid shaft humerus fracture were randomised to 2 groups. Patients 
in group I received US-guided ST block while those in group II received US-guided  
IS block. Both groups received 15 mL of 0.5% bupivacaine. Diaphragmatic excursion was 
noted at baseline and after 30 minutes after the block. Postoperatively, the numerical 
rating scale score and requirement of opioids were documented.

Results: The incidence of complete/incomplete paresis was statistically significantly 
lower in the ST group. Thirty‑eight percent of the patients (11) had complete paresis in 
the IS group, compared to none in the ST group. Partial paresis was observed in 62% 
of patients in the IS block group and 19% in the ST block group (P < 0.001). The percent-
age reduction of movement was significantly higher in the IS group vs. the ST group  
(P < 0.001). There was no difference in pain scores or the amount of opioid consump-
tion between groups. 

Conclusions: ST block provides similar analgesia to IS block for proximal/mid humerus 
surgery with better preservation of diaphragmatic function. This could be a viable alter-
native in patients with compromised respiratory functions scheduled for such surgery. 
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the principles of the Declaration of Helsinki, 2013, 
and good clinical practice. Written informed consent 
to participate in the study and use the patient data 
for research and educational purposes was obtained 
from all subjects. We screened 70 ASA (American So-
ciety of Anaesthesiologist) I–II patients in the age 
group 25 to 60 years undergoing unilateral inter-
nal fixation (plating) for proximal or mid shaft hu-
merus fracture. The patients were explained about 
the study protocol and written informed consent 
was taken. Patients with a history of allergy to local 
anaesthetics, body mass index (BMI) > 30 kg m–2, 
with known pulmonary disease, infection at punc-
ture site, patients with neuromuscular disorders, 
pregnant patients, chronic pain disorders or on 
antidepressant medications, unable to understand 
the functioning of a patient-controlled analgesia 
(PCA) pump or numerical rating scale (NRS) were 
excluded from the study. 

The sample size of the study was calculated 
based on a study by Kim et al. [7]. The incidence of 
hemidiaphragmatic paresis was 97% in patients re-
ceiving IS block. Anticipating a reduction of at least 
30% in the incidence, with an a error of 5% and pow-
er of 80%, the sample size was calculated to be 26 in 
each group. Taking a drop-out rate of 20%, we en-
rolled a total of 62 patients over a period of 9 months, 
as shown in the CONSORT flow diagram (Figure 1).

Computer-generated random numbers were 
used to allocate the patients randomly to one of the 
two groups. The random allocation sequence was 
concealed in opaque, sealed envelopes until the day 
of intervention, when the envelope was opened and 
the intervention done accordingly. 

All the blocks were performed in the preopera-
tive holding area. After transferring the patients to 
the preoperative holding area, standard ASA moni-
tors were attached. An 18G cannula was secured in 
the contralateral hand and a balanced salt solution 
was started. Baseline diaphragmatic movement was 
documented with the patient in a sitting position [8]. 
These measurements were done by anaesthesiolo-
gists with at least 5 years of experience in point-of-
care ultrasound. They were unaware of the group 
allocation. A low frequency (2 to 5 MHz) curvilinear 
transducer was placed under the lowest rib at the an-
terior or midaxillary line to visualise the liver or spleen, 
which was used as the acoustic window. The dia-
phragm was seen as a hyperechoic structure moving 
with respiration. The patients were asked to inspire 
and expire maximally. An average of three readings of 
unilateral diaphragmatic excursion was documented 
according to the site of the planned block. 

Patients in group I received US-guided ST block as 
described by Burkett et al. [3] while those in group II 
received US-guided IS block. ST was identified using 

a high frequency linear probe (5 to 13 MHz) by trac-
ing C5 and C6 nerve roots distally until they joined. 
After skin infiltration with 1 mL of 2% lignocaine, 
a 5 cm, 22 G Sonoplex needle (Pajunk, Germany) 
was introduced in a lateral-to-medial direction to 
target the trunk. IS block was administered using 
an in-plane technique wherein the needle targeted 
the cervical roots in between the scalene muscles. 
The tip of the needle was placed in between C5 and 
C6 nerve roots. Both groups received 15 mL of 0.5% 
bupivacaine. Care was taken to avoid long thoracic 
and dorsal scapular nerves. Twenty minutes after 
giving the block, the patients were assessed for 
sensory blockade (numbness in the arm) and weak-
ness in shoulder abduction. In the absence of these, 
the block was considered a failure, and the patient 
was not considered to be part of the study. 

Thirty minutes after the block, unilateral dia-
phragmatic excursion was measured again by 
the same anaesthesiologist who took the initial 
reading. An average of three readings was taken.  
Following this, the patients were transferred to 
the operating room. A decrease of 75 to 100% in 
the diaphragmatic excursion or visualization of para
doxical movement was classified as complete pare-
sis. A 25 to 75% decrease was considered as partial 
while less than a 25% decrease was classified as ab-
sent paresis [9].

All the patients received general anaesthesia in 
a standardised manner (2 mg kg–1 propofol, 0.5 mg 
kg–1 atracurium, 2 mg kg–1 fentanyl). An appropriate- 

Patients assessed for eligibility (n = 70)

Excluded (n = 8)
Not meeting inclusion criteria (n = 4)
Declined to participate (n = 4)
Other reasons (n = 0) 

Figure 1. CONSORT flow chart
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sized endotracheal tube was inserted. Maintenance 
of anaesthesia was done by isoflurane in air. All 
the patients received 0.5 mg/kg–1 fentanyl hourly 
as part of the protocol. Apart from this, additional 
doses of fentanyl were repeated at the discretion 
of the senior anaesthesiologist (increase in the heart 
rate or mean arterial pressure 20% above baseline). 
At the end of the surgery, the patient’s trachea 
was extubated and the patient was transferred to 
the post-operative ward. A PCA pump loaded with 
fentanyl was attached to all the patients with the fol-
lowing settings – bolus: 20 mg, lock-out interval  
10 minutes. All the patients received IV paracetamol 
1 g three times a day as part of our institutional pro-
tocol. Pain scores – NRS was documented at timely 
intervals: 0, 2, 4, 8, 12, and 24 hours. Twenty-four-
hour fentanyl consumption was also documented. 
All these assessments were made by the resident on 
duty, unaware of the interventions made.

The primary outcome was the incidence of hemi
diaphragmatic paresis. Secondary outcomes in-

cluded a decrease in diaphragmatic excursion, total 
opioid consumption in 24 hours, NRS scores at vari-
ous intervals, and any adverse effects (respiratory de-
pression as defined by peripheral oxygen saturation: 
SPO2 less than 90% or respiratory rate less than 8).

The data were entered in Microsoft Excel and ana-
lysed in IBM SPSS Statistics software version 23. Nor-
mality of the data was tested using the Shapiro-Wilk 
test. Categorical variables were presented as percent-
age and continuous variables as mean ± standard 
deviation (SD) or median and interquartile range 
(IQR) depending on normality of data and a boxplot 
was used to display the percentage of reduction of 
diaphragmatic excursion. Pain scores on the NRS,  
diaphragmatic excursion of patients, and patient  
satisfaction were presented as median (IQR) and 
tested by the Mann-Whitney U test, and the indepen-
dent t-test was applied to compare between ST and 
IS nerve blocks for normally distributed data. 

Results
Both groups were similar in the demographic 

and surgical characteristics (Table 1). The baseline 
diaphragmatic excursion was similar in both groups. 
The incidence of complete/incomplete paresis was 
significantly higher in the IS group. Thirty-eight 
percent of the patients (11) had complete paresis 
in the IS group, compared to none in the ST group. 
Partial paresis was observed in 62% of patients in 
the IS block group and 19% in the ST block group  
(P < 0.001) (Table 2). 

The decrease in diaphragmatic excursion was 
significantly larger in the IS group than the ST group 
(P < 0.001) (Figure 2, Table 3). Despite this, none 
of the patients in either group complained of dys-
pnoea or had a decrease in peripheral saturation af-
ter receiving the block in the postoperative period.

Table 1. Baseline characteristics of patients (N = 61)

Characteristics Superior trunk block (n = 32) Interscalene block (n = 29) P-value
Age (years)#, mean ± SD 42.44 ± 16.59 47.79 ± 16.08 0.20

Male/Female*, n (%) 21 (65.6)/11 (34.4) 19 (65.5)/10 (34.5) 0.99

ASA class, n (%): I/II* 21 (65.6)/11 (34.4) 19 (65.5)/10 (34.5) 0.99

Duration of surgery (min, median [IQR])# 150 [122.5, 160] 130 [115, 165] 0.241

Baseline NRS (median [IQR])# 2.0 [2.0, 2.8] 2.0 [2.0, 3.0] 0.34

ASA – American Society of Anaesthesiologists, IQR – interquartile range, NRS – numerical rating scale, SD – standard deviation
#Unpaired t-test
*c2 test

Table 2. Hemi-diaphragmatic paresis in patients (N = 61)*

Variables Superior trunk block (n = 32) Interscalene block (n = 29) P-value
Absent paresis, n (%) 26 (81.25) 0 (0.0) < 0.001

Partial paresis, n (%) 6 (18.75) 18 (62.06) < 0.001

Complete paresis, n (%) 0 (0.0) 11 (37.93) < 0.001
*c2 test

Figure 2. Percentage reduction of diaphragmatic excursion in 
the two blocks (N = 61)
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The baseline pain scores between both groups 
were not significantly different. The trend of pain 
scores at various time intervals was also similar 
(Table 4). The worst pain scores were not signifi-
cantly different between groups (4 [4, 5] vs. 4 [4, 7]; 
P = 0.115). Intraoperative top-ups were given in  
4 patients in the ST group as compared to 2 in the IS 
group (apart from hourly top-ups). The amount 
of opioid consumption in 24 hours postoperatively 
was similar in both groups. None of the patients 
complained of nausea/vomiting or pruritis. Patient 
satisfaction was also similar in both groups: median 
(IQR) 7.50 (7–8) vs. 8.0 (7.5–8). 

Discussion
This study revealed that IS block was associ-

ated with high incidence of diaphragmatic paresis 
(complete and incomplete) compared with ST block.  
ST block provides analgesia comparable to the IS 
block for proximal humerus surgery with preserva-
tion of diaphragmatic function. Hence it could be 
a viable alternative in patients with compromised 
respiratory functions scheduled for such procedures.

Phrenic nerve palsy is a common phenomenon 
after IS block. This usually occurs due to the direct 
spread of local anaesthetic to the nerve, its origin 
(roots) or its branches (accessory phrenic nerve) [9]. 
The incidence is nearly 100% when the volume used 
is high (more than 20 mL). Various modifications in 
the block technique, drug volume, and concentra-
tion have been suggested to reduce this complica-
tion [10, 11]. A few authors have even suggested 

using axillary, suprascapular nerve block for these 
operations [12]. The incidence of hemidiaphragma
tic paralysis remain high despite these modifications. 
Healthy individuals might tolerate unilateral phrenic 
nerve palsy well, while patients with compromised 
lung functions – chronic obstructive pulmonary dis-
ease, obese, or patients having one functional lung 
– might suffer from hypoxia or dyspnoea. None of  
our patients suffered desaturation/oxygen require-
ment after the block or after general anaesthesia. 
This could be due to inclusion of only ASA I/II pa-
tients in this study. The distance between the phre
nic nerve and C5 nerve root is barely 2 mm at the cri-
coid level, where the traditional IS block is given. 
For every cm the phrenic nerve courses medially 
downwards into the root of the neck, the distance 
between the two structures increases by 3 mm [13]. 
Blocking at the level of the ST (C5, C6 fusion) spares 
the phrenic nerve as it has already moved away. 
The primary supply of the shoulder joint includes 
the suprascapular nerve, axillary nerve and the la
teral pectoral nerve. All these branches originate 
distally to the fusion of C5 and C6. Hence blocking 
the ST does not compromise shoulder analgesia. 
Our study confirmed this as patients in both groups 
had comparable analgesia and opioid consumption. 
The ST can also be blocked at the supraclavicular  
fossa. However, this location spares the suprascap-
ular nerve, as it has already moved away from the 
trunk at this level. Since the suprascapular nerve 
is a major supplier of the shoulder region, block-
ing the ST in the supraclavicular fossa might lead 

Table 3. Characteristics of diaphragmatic function 

Diaphragmatic excursion Superior trunk block (n = 32) Interscalene block (n = 29) P-value
Baseline (cm) 4.75 ± 0.591 4.53 ± 0.689 0.324

After block (cm) 3.86 ± 0.655 1.27 ± 0.431 < 0.001

Reduction (cm) 0.88 ± 0.524 3.27 ± 0.675 < 0.001

Percentage reduction 21 ± 9.4 72 ± 9.1 < 0.001
Independent t-test, data expressed as mean and standard deviation (SD)

Table 4. Comparison between pain scores: NRS (N = 61)*

Variables Superior trunk block (n = 32), median [IQR] Interscalene block (n = 29), median [IQR] P-value
Postoperatively (h) 

  0 2.0 [1.0, 2.0] 1.0 [1.0, 2.0] 0.359

  2 3.0 [2.0, 3.0] 3.0 [2.0, 3.0] 0.975

  4 4.0 [3.0, 4.0] 3.0 [3.0, 4.0] 0.394

  8 4.0 [3.0, 4.0] 3.0 [3.0, 4.0] 0.071

  16 2.0 [2.0, 3.0] 2.0 [2.0, 3.0] 0.704

  24 2.0 [2.0, 2.0] 2.0 [2.0, 2.0] 0.554

Baseline NRS 2.0 [2.0, 2.8] 2.0 [2.0, 3.0] 0.690

Worst NRS 4.0 [4.0, 5.0] 4.0 [4.0, 5.0] 0.115
*Mann-Whitney U test
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to greater analgesic requirement. There have been 
a few randomized controlled trials (RCTs) compar-
ing IS block and ST block in arthroscopic surgery. 
Kang et al. [8] randomised 80 patients undergo-
ing arthroscopic shoulder surgery to two groups:  
(1) the C5–C6 nerve roots (IS block group) or (2) the 
ST (ST block group). Both these groups received a vol-
ume of 15 mL. They concluded that ST block provided 
non-inferior analgesia with lower incidence of hemi-
diaphragmatic paresis [8]. Around 70% of the patients 
in the IS group had complete hemidiaphragmatic  
paresis compared to 5% in the ST group. In our study 
the incidence of complete paresis was around 38% 
in the IS block group. None of the patients in the ST 
group had complete paresis. The decrease in dia-
phragmatic excursion was larger in the IS group (72%) 
than the ST group (21%) and the difference between 
the groups was highly significant. 

In another RCT, performed by Kim et al. [7],  
126 patients scheduled to undergo shoulder ar-
throscopy received an ST block or an IS block. The ST 
group had a significantly lower incidence of hemi-
diaphragmatic paralysis compared with the IS group  
(3 of 62 [4.8%] vs. 45 of 63 [71.4%]; P < 0.001). This  
incidence was similar to that of our study as the 
amount of drug used was similar in both the studies. 

Vijaykumar et al. [5] described three high-risk 
cases of patients who underwent open shoulder sur-
gery under regional anaesthesia techniques: supe-
rior and middle trunk block. Mistry et al. [6] also de-
scribed the successful surgical management of shaft 
humerus surgery after administering ST block. They 
used a much lower dose of 5 mL of local anaesthetic 
with no paresis of the diaphragm. We used a larger 
dose of 15 mL of local anaesthetic as described in 
earlier studies. This might have led to partial paresis 
of the hemidiaphragm, as observed in a few cases 
in the ST group. 

Limitations
There are a few other limitations of this study.  

Firstly, the sample size of  the study was small. 
Multicentric studies with larger sample size might 
be required to validate our results. The rate of injec-
tion of the drug was not standardised, though all 
the blocks were conducted by two anaesthesiologists 
experienced in this block technique. We used a dose of  
15 mL of local anaesthetic based on previous studies, 
which might be considered high. Further studies can 
be planned investigating the efficacy and safety of  
low-volume ST block. Studies assessing the postopera-
tive diaphragmatic function could also be designed. 

ConclusionS
The results of our trial suggested that ST block is 

better in preserving diaphragmatic function. Since it 

provides comparable analgesia in patients undergo-
ing humerus surgery, it might be considered to be 
a viable option to IS block in respiratory compro-
mised patients.
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