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Abstract 
Background: Horner’s syndrome is comprised of a set of symptoms caused by a permanent or transient ipsilateral 

sympathetic trunk lesion or paralysis. It may occur after numerous pathologies in the cervical region, epidural, spinal 

anaesthesia, and interscalene, transscalene, supraclavicular, or infraclavicular brachial plexus block. The aim of this 

randomised, prospective clinical study was to evaluate the effect of the interscalene brachial plexus block (IBPB) 

technique on the occurrence rate of Horner’s syndrome and identify contributing risk factors.

Methods: 108 randomly selected patients of ASA I-III status were scheduled for elective shoulder arthroscopy. The 

patients received 20 mL of 0.5% ropivacaine either with ultrasound (US)-guided IBPB (U), peripheral nerve stimulation 

(PNS)-confirmation IBPB (N), or US-guided, PNS-confirmed IBPB (dual guidance; NU). 

Results: We observed that Horner’s syndrome developed in 12% of the N group, 6% of the NU group, and 9% of the 

U group. The differences in the rates were not statistically significant (P = 0.616). Regardless of the technique used to 

induce IBPB, our study did not demonstrate any particular anthropometric parameter that predisposed the patients 

to the development of Horner’s syndrome. Interestingly, our results showed that NU patients with Horner’s syndrome 

were significantly younger than NU patients without Horner’s syndrome.

Conclusion: The precision of IBPB by use of the dual guidance technique may reduce the rate of Horner’s syndrome. 

The higher water concentration in the prevertebral spaces of younger patients may create better conditions for the 

diffusion of ropivacaine, which may result in a statistically significant higher HS rate. 
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Horner’s syndrome (HS) is comprised of a set of symp-

toms caused by a permanent or transient ipsilateral sympa-

thetic trunk lesion or paralysis. It is characterized by miosis, 

ptosis, and anhidrosis, with or without enophthalmia. It 

may occur after a number of pathologies associated with 

the cervical region [1–7] or epidural [8], spinal anesthesia 

[9], as well as combined spinal-epidural anesthesia [10]. 

Despite the different techniques for blocking brachial plexus 

performed by the interscalene [11], transscalene [12], and 

sometimes, supraclavicular [13, 14], and infraclavicular [15] 

local anaesthetics (LA), could still diffuse via the prevertebral 

spaces, block sympathetic nerves in the cervical region, as 

well as also spread to the sympathetic ganglia (the stellate 

ganglion), and could cause transient characteristic symp-

toms [16].

To our knowledge, no study has been conducted to 

evaluate the influence of interscalene brachial plexus block 

(IBPB) techniques on the rate of development of HS. In ad-

https://en.wikipedia.org/wiki/Sympathetic_trunk
https://en.wikipedia.org/wiki/Sympathetic_trunk
https://en.wikipedia.org/wiki/Miosis
https://en.wikipedia.org/wiki/Ptosis_(eyelid)
https://en.wikipedia.org/wiki/Anhidrosis
https://en.wikipedia.org/wiki/Enophthalmus
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dition, no anthropometric risk factors for the development 

of HS after brachial plexus block have been established. 

Therefore, we aimed to identify if any particular technique 

of IBPB may reduce the risk of occurrence of HS. Moreover, 

we decided to search for anthropometric risk factors of the 

above-mentioned symptom in order to identify a group of 

patients who may be predisposed to its occurrence due to 

their potentially specific anthropometry, as HS may influ-

ence their satisfaction with regional anaesthesia (RA).

METHODS
Our prospective, randomised, clinical study was ap-

proved by the Bioethics Committee of the Silesian Univer-

sity of Medicine in Katowice. A total of 108 patients were 

enrolled in the study. Data were obtained from patients 

who underwent elective shoulder arthroscopy and were 

classified as American Society of Anesthesiologists (ASA) 

grades I-III. The exclusion criteria were as follows: neurologi-

cal deficit in the upper arm; allergies to amide LAs; coagu-

lopathy; pregnancy; and the withdrawal of formerly given 

written consent. 

After written informed consent was obtained, the pa-

tients were randomly allocated using the sealed envelopes 

method to one of three groups that were categorized by 

different IBPB techniques: ultrasound (US)-guidance IBPB 

(group U); peripheral nerve stimulation (PNS)-confirmation 

IBPB (group N); or US-guided with PNS-confirmed IBPB (dual 

guidance; group NU). All blocks were performed using  

20 mL of 0.5% ropivacaine (Ropimol, Molteni Farmaceutici, 

Scandicci, Italy). After the block was performed, duration, 

onset time, and block effectiveness rated with the modified 

Lovett rating scale (LRS) were studied. An insufficient block 

was resolved by conversion to general anaesthesia. 

On the morning of the day of surgery, patients were 

premedicated with 7.5 mg oral midazolam. In the operating 

room, venous access was placed and 500 mL of crystalloid 

was infused. To improve comfort during regional anaes-

thesia, all patients received 0.1 mg of intravenous fentanyl. 

The patients’ heart rates, haemoglobin oxygen saturation, 

noninvasive systolic diastolic and mean arterial pressures, as 

well as cardiac rhythm were continuously monitored using 

a multiparameter anaesthetic monitor. Data were recorded 

with a 5-min sampling time in the anaesthetic protocol.

In the N group, all blocks were performed using Mei-

er’s  modification (needle insertion point was at the level 

of the thyroid cartilage) while the needle was directed at 

a 30° angle towards the middle part of the clavicle. Com-

pared with traditional Winnie’s access, Meier’s modification 

is known to be as safe, but more efficient [17]. The proce-

dure was begun with an exam that consisted of palpating 

the scalene muscles in the medial neck triangle and the 

interscalene groove lying between them. The time it took to 

complete the palpation was included in the regional block 

time. After skin sterilisation, local anaesthetic was adminis-

tered at a dose of 1 mL of 1% lidocaine solution. IBPB was 

performed using a Contiplex D set (Contiplex D, B. Braun 

Inc., Melsungen, Germany) connected to a nerve stimulator 

(Stimuplex HNS12, B. Braun Inc., Melsungen, Germany). The 

stimulator settings were as follows: current, 0.3 mA; impulse 

time duration, 0.1 ms; and impulse frequency, 1 MHz. Motor 

response of either the pectoral muscles, triceps, or biceps 

brachii was considered to indicate proper needle placement. 

Subsequently, 20 mL of 0.5% ropivacaine was administered. 

A  catheter was placed in the region of the anesthetised 

brachial plexus (BP) for postoperative pain treatment with 

a continuous infusion of 0.2% ropivacaine. 

In the U group, BP roots were visualised using an ultra-

sound system (Sonosite M-Turbo, Sonosite, Bothell, USA) 

equipped with a  13-MHz linear probe (HFL38/13-6 MHz, 

Sonosite, Bothell, USA). The procedure was initiated with 

a precise ultrasonographic scan of the lateral neck triangle. 

Examination time was included in the IBPB time. After the 

skin was sterilised, local anaesthesia was administered using 

1 mL of a 1% lidocaine solution. The ultrasound transducer 

was covered using a sterile cover (Safersonic Conti, Safer-

sonic, Ybbs, Austria) and was used together with a sterile 

hypoallergenic transmission gel (Aquasonic 100, Parker, 

Fairfield, USA). IBPB was performed using a  Contiplex D 

set (Contiplex D, B. Braun Inc., Melsungen, Germany) by 

applying an out-of-plane technique similar to that used in 

group N. Ultrasound guidance was used to ensure proper 

needle placement. This was followed by the administration 

of 20 mL of 0.5% ropivacaine. The spread of the LA around 

the nerve roots was observed on the ultrasound monitor. 

Subsequently, a catheter was placed for continuous infusion 

of 0.2% ropivacaine.

In the NU group, although IBPB was performed in a man-

ner similar to that of group U, the needle was attached to 

a PNS set in the same manner that is described in group N. 

In this group, the placement of the needle was confirmed 

two ways: visually and by electrostimulation (dual guid-

ance). IBPB time was calculated until the end of the 0.5% 

ropivacaine injection. The clocked time for complete ad-

ministration of LA was inclusive of the time it took to place 

the catheter and the sterile catheter dressing. 

All blocks were performed by experienced anaesthe-

siologists skilled in both techniques (over 5 years in this 

field). After the block was performed, onset times, duration 

and IBPB’s effectiveness were assessed by experienced an-

aesthesiologists skilled in both techniques (over 5 years in 

this field) who did not perform the IBPBs in this study and 

were blinded to the patients’ group allocations. Sensory 

block examinations were performed at 5-min intervals by 

using ethanol-sprayed woollen swabs and pin pricks with 
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a 22-gauge (G) needle. Motor block examinations were per-

formed according to the modified LRS (6: normal muscular 

force; 5: slightly reduced muscular force; 4: pronounced 

reduction of muscular force; 3: slightly impaired mobility; 

2: pronounced mobility impairment; 1: almost complete 

paralysis; and 0: complete paralysis) and served as an indica-

tor of surgical readiness. IBPB duration was designated as 

the time interval starting from a satisfactory sensory block 

until the very first pain perception requiring infusion of LA 

via the catheter placed in the region of the BP roots.

If there were signs of pain perception during surgery, 

conversion to general anaesthesia was administered. These 

cases were labelled as incomplete blocks. In the operating 

room, anaesthesiologists, who were not involved in the 

study, administered the appropriate sedation to patients 

either by continuous intravenous infusion of propofol or 

single doses of intravenous midazolam to improve their 

comfort during operation. 

After IBPB was performed, the patients were observed 

for the development of Horner’s syndrome (meiosis, ptosis, 

enophthalmia, anhidrosis, and conjunctival hyperaemia): 

before the surgery was started, after discharge to postopera-

tive unit, every two hours in postoperative unit and, finally, 

at the first demand for postoperative analgesia. If at least 

meiosis, ptosis and enophthalmia were present in a patient 

after IBPB at any stage of the perioperative period, this case 

was labelled as HS. 

STATISTICS
All analyzed groups were assessed using the Shapiro-

Wilk test for estimating normal distributions. As the distribu-

tions were not normal, the non-parametric Mann-Whitney 

U test was used for statistical analysis. Statistical significance 

was set at P < 0.05. All calculations were made using Statis-

tica 12.0 (StatSoft, Inc. USA).

RESULTS
Among all the patients who were scheduled for IBPB, 

there was no statistically significant difference in gender, 

height, body mass or duration of surgery.

The number of patients who did not require conver-

sion to general anaesthesia was 80.43% of the patients 

in group NU, 75.56% of group U, and 41.46% of group N. 

Patients receiving IBPB with 20 ml of 0.5% ropivacaine with 

the assistance of US visualisation and PNS-confirmation 

for brachial plexus identification had a  reduced rate of 

onset of HS (6% of the NU group) compared with 12% of 

the N group. Our results also show that refraining from 

using PNS assistance led to an increase rate of HS as seen 

in Table 1. 

Regardless of the technique of IBPB used, globally, our 

study did not demonstrate any particular anthropometric 

parameter predisposing patients to develop HS (see Table 2). 

Group N
As shown in Table 3, there were no statistically signifi-

cant differences in the anthropometric parameters between 

those patients in group N who developed HS (HS-N) and 

those who did not develop HS (nHS-N). 

Group U
As shown in Table 3, our data shows that we could not 

find any statistically significant differences in the anthro-

pometric parameters between patients who developed HS 

(HS-U) and those who did not develop HS (nHS-U). 

Group NU
As shown in Table 3, there were no statistically significant 

differences in most of the anthropometric parameters be-

tween those patients in group NU who developed HS (HS-NU)  

and those who did not develop HS (nHS-NU). However, we 

found an interesting difference between the patients’ ages. 

HS-NU patients appeared to be younger to a  statistically 

Table 1. Rate of Horner’s syndrome (HS) following interscalene brachial 
plexus block (IBPB) in studied groups

Group HS rate (%) Gender P-value

NU (n = 34) 2 (6%) Male 70%, 
Female 30%

0.616
U (n = 34) 3 (9%) Male 75%, 

Female 25%

N (n = 40) 5 (12%) Male 80%,  
Female 20%

Table 2. Global anthropometric parameters of patients manifesting Horner’s syndrome (HS) versus not manifesting Horner’s syndrome (n-HS) receiving 
interscalene brachial plexus block (IBPB), regardless of group allocation

 Height (cm) Body mass (kg) Age (yrs) BMI (kg m-2)

P-value 0.163 0.578 0.713 0.219

 Mean SD Mean SD Mean SD Mean SD

HS 172.00 9.02 79.00 23.39 26.28 5.81 26.45 13.29

n-HS 174.90 8.30 79.86 14.49 26.11 4.77 25.63 15.22
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significant degree in comparison with nHS-NU patients 

(see Table 3). 

DISCUSSION
Based on data from the current literature, the develop-

ment of Horner’s  syndrome after a  brachial plexus block 

occurs at a rate ranging from 4 — 37.5%, depending on the 

technique and approach of regional anaesthesia, as well as 

the volume and dilution of LA used in these studies. 

Jandard et al. [18] performed neurostimulation-guided 

single injections of 40 mL of 1.5% mepivacaine by the verti-

cal lateral paracoracoid approach to create infraclavicular 

brachial plexus blocks for surgical procedures distal to the 

elbow. They observed HS in 4% of the 100 patients included 

in their study. In a  prospective clinical study comprised 

of 175 patients who received neurostimulation-guided 

infraclavicular vertical brachial plexus blockade with 400 

mg of 1% Prilocaine and 50 mg of 0.5% bupivacaine given 

as a single injection, Kilka et al. [19] observed 12 cases of 

Horner’s syndrome. This is somehow contrary to the research 

of Rodríguez et al. [16] who found that large volume of LA 

solution (46 mL) remained below the clavicle and there was 

no HS in this group of 6 patients. Zaragoza-Lemus et al. [20] 

reported that Horner’s  syndrome developed in 8% of 50 

shoulder surgery candidates, who received an interscalene 

block with a volume of 30 mL of LA using the neurostimula-

tion technique. In a prospective, randomised comparison 

between ultrasound-guided supraclavicular, infraclavicular, 

and axillary brachial plexus blocks, Tran et al. [21] demon-

strated the development of HS at rates of 37.5%, 0%, and 

5%, respectively. 

In our study, we found that the dual guidance technique 

of IBPB lead to a reduction in the rate of development of HS 

(n = 2, 6%) compared with the ultrasound (U) technique 

(n=3, 9%) and neurostimulation (NS) technique (n = 5, 12 

%) although the difference was not statistically significant  

(P = 0.616). Since HS occurred with higher volumes of anaesthet-

ic, as seen in the studies by Jandard et al. [18] and Kilka et al. [19]  

we conclude that a reduction of LA volume to 20 mL, ac-

companied with a  higher precision of LA administration 

may reduce the rate of HS. We propose that the reason of 

this reduction in HS due to precision in LA administration 

may be explained by our comparison of NU and N groups. 

As the majority of LA solution in group NU (US visualized, 

PNS-confirmed) was injected closer to nerve roots, there 

may have been less chance for infiltrating the prevertebral 

spaces. In turn, there may have been less diffusion of LA par-

ticles to the sympathetic nerves in the cervical region and to 

the stellate ganglion. This is in contrast to the N group where 

LA solution could have been administered farther from the 

brachial plexus, thus also contributing to a higher rate of 

HS, despite the lack of statistically significant differences.

Nevertheless, the main limitation of the study may be 

the fact that it could be underpowered, as HS was developed 

in relatively few patients. Therefore, further studies includ-

ing much larger number of patients should be carried out 

in order to investigate the problem in detail.

We also showed that within the NU group, those who 

developed HS were significantly younger than those who 

did not. This finding is consistent with a  report by Traiq-

Alzahrani et al. [17] They presented a case of delayed HS 

in a healthy 29-year-old male patient after he underwent 

ultrasound-guided catheter placement for post-operational 

analgesia of the brachial plexus after major open shoulder 

surgery. The patient developed HS on the ipsilateral side. 

The symptoms were typical: meiosis, ptosis, enophthalmia, 

anhidrosis, and conjunctival hyperaemia, and which started 

1 hour after receiving 10 mL of 0.2% bupivacaine, which was 

Table 3. Anthropometric parameters of patients manifesting Horner’s  syndrome (HS) versus not manifesting Horner’s  syndrome (n-HS) receiving 
interscalene brachial plexus block (IBPB), according to group allocation by US-guidance IBPB (U), peripheral nerve stimulation-confirmation IBPB (N), or 
US-guided, PNS-confirmed IBPB (dual guidance; NU)

 Height (cm) Body mass (kg) Age (yrs) BMI (kg m-2)

Mean SD Mean SD Mean SD Mean SD

N HS 174.4 11.76 87.2 29.41 38.6 12.7 28.12 7.35

n-HS 175.81 8.36 80.34 11.62 41 13.23 25.91 2.7

P-value 0.721 0.841 0.902 0.876

U HS 169 7.39 74.5 20.94 38.25 16.46 25.71 5.16

n-HS 175.11 7.44 80.16 17.74 41 15.93 26.21 6.59

P-value 0.151 0.758 0.834 0.982

NU HS 172 5.66 67.5 3.54 26.67 7.64 22.81 0.31

n-HS 173.86 9.17 79.11 13.41 43.46 14.94 26.18 4.04

P-value 0.485 0.148 0.048 0.178

http://www.ncbi.nlm.nih.gov/pubmed/?term=Kilka HG%5BAuthor%5D&cauthor=true&cauthor_uid=7611581
http://www.ncbi.nlm.nih.gov/pubmed/?term=Alzahrani T%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Alzahrani T%5Bauth%5D
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administered through an interscalene catheter by the on-

call team. The symptoms resolved after approximately 2 h.  

On the other hand, Ilfeld et al. [22] observed no incidences 

of HS when they compared different techniques of 0.2% 

ropivacaine infusion for brachial plexus analgesia via an 

infraclavicular perineural catheter, at a rate of 12 mL h-1.

Our observations could be explained by the fact that 

younger patients have a higher water concentration in their 

tissues than older patients. LAs are composed of hydrophilic 

and lipophilic chains — thus as the tissue of the fascia lay-

ers has a  higher water concentration, LA diffuses slower. 

According to an analysis by Balcerkiewicz et al. [23], bupiv-

acaine is 1000 times more lipophilic than procaine, whereas 

ropivacaine is only 400 times more lipophilic. Therefore, 

in younger patients, who have a higher concentration of 

water in their tissues compared with the older patients, it 

is possible that the reason they developed HS more often 

was because the LA particles that were not absorbed by the 

lipophilic nerve roots automatically diffused through the 

prevertebral spaces to the sympathetic nerves and the stel-

late ganglion. In our opinion, fewer particles of ropivacaine, 

which is more hydrophilic, can diffuse through the prever-

tebral spaces of elderly patients because they have a lower 

water concentration. This may explain the lower rate of HS in 

the older patients of the NU group. The delayed onset of HS 

symptoms observed by Traiq-Alzahrani et al. [17], who used 

bupivacaine, may be because the initial particles of lipophilic 

bupivacaine were quickly absorbed by nerve roots, while 

the remaining particles of LA slowly diffused through the 

prevertebral spaces to below the clavicle causing HS 1 hour 

later. The study by Ilfeld et al. [22] used a 0.2% ropivacaine 

solution. In comparison with bupivacaine, which is a mixture 

of L- and S-isomers, ropivacaine is composed of only an L-

isomer and is more hydrophilic. Therefore, it did not cause 

HS as it did not diffuse through the prevertebral spaces as 

easily as the lipophilic bupivacaine. In addition, a concentra-

tion of 0.2% ropivacaine does not reach adequate levels to 

diffuse via tissues in order to block the sympathetic chain 

and cause HS. 

The observations above may be consistent with the 

findings of Sivashanmugam et al. [24] who compared the 

effects of an ultrasound-guided injection of 25 mL of 0.5% 

bupivacaine deep to the brachial plexus sheath at the supra-

clavicular fossa with an injection superficial to the sheath. 

They observed a faster onset of surgical anaesthesia and pro-

longed duration of postoperative analgesia in patients who 

received the block deep to the brachial plexus sheath. In 

their study, the need for diffusion via the superficial sheath 

strongly correlates with the delayed onset of motor and 

sensory IBPB. 

In our opinion, the development of adverse events, 

such as HS and diaphragm paresis, strongly correlates with 

the amount of free LA particles diffusing to the target site. 

This results in either the expected IBPB or unwelcomed 

adverse effects. 

In conclusion, the development of HS may depend 

mainly on the lipophilic potential, volume and dilution of 

LA solution used to perform regional block, as well as the 

IBPB technique. The precision of IBPB by use of the dual 

guidance technique may reduce the rate of HS. The higher 

water concentration in the prevertebral spaces of younger 

patients may create better conditions for the diffusion of 

ropivacaine, which may result in a  statistically significant 

higher HS rate. Nevertheless, patients perceive HS as an 

unwelcomed adverse effect that causes anxiety and dis-

comfort. Regardless of which IBPB technique is used or the 

volume and dilution of LA administered, patients should be 

prepared for the possibility of developing HS and reassured 

that it is a transient condition. 
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