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Abstract

	 The continuous interscalene block represents the analgesic standard for 
shoulder surgery. However, the incidence of hemidiaphragmatic paralysis can 
reach up to 100% of cases. We hypothesized that more dilute local anesthetics 
would decrease the phrenic palsy at 24 hours. Methods: Prospective series of 
patients undergoing arthroscopic shoulder surgery with continuous intersca-
lene block. A 15-ml bolus of lidocaine 1%-levobupivacaine 0.25% plus an infu-
sion of levobupivacaine 0.04% at an 8 mL/h rate plus 5 mL boluses on-demand 
with a 20-minutes lockout was used until discharge. Hemidiaphragmatic excur-
sion was evaluated with M-mode ultrasound in the subcostal region before 
blocks, in the post-anesthetic unit, and at 24 h. The primary outcome was 
the presence of hemidiaphragmatic paralysis at 24 hours. Secondary outcomes 
included postoperative pain, amount of rescue boluses, postoperative opioids 
consumption, and side effects. Results: Thirty patients were recruited and ana-
lyzed. The incidence of diaphragm paralysis at 24 h was 96.7%. The median 
[IQR] of pain at rest (patients with shoulder immobilizer) in a NRS from 0 to 10 
at 0.5; 1; 3; 6; 12; 24; 48; 72 hours were 0 [0-0]; 0 [0-0]; 0 [0-0]; 0 [0-0]; 0 
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Introduction

Shoulder surgery is among the most painful sur-
gical interventions[1]. The interscalene brachial 
plexus block (ISB) represents the analgesic stan-

dard for these surgeries[1]. Despite its benefits, from 
the studies of Urmey et al., we know that ISB is associ-
ated with up to a 100% hemidiaphragmatic paralysis 
(HDP)[2] and a 27% decrease in forced vital capacity 
(FVC), and first-second forced expiratory volume (FEV 
1)[3]. In general, these side effects are well tolerated 
in patients with normal respiratory reserve but pro-
hibitive for those with restrictive or obstructive limita-
tions.
	 The 2 millimeters distance between the brachial 

plexus and the phrenic nerve at the level at which the 
injection of local anesthetics (LA) is usually performed 
explains the high incidence of HDP with ISB[1]. 
	 Since the incorporation of ultrasound (US) into 
the regular practice of regional anesthesia, it has 
been possible to reduce the HDP incidence with 
more precise techniques for single doses ISB[1]. For 
example, 5 mL injections have shown incidences of 
just 20%[3]. Also, the use of diluted concentrations 
of LA can reduce HDP incidence up to ranges be-
tween 21%[4] and 42%[5]. However, extrapolation 
of these results to continuous interscalene brachial 
plexus blocks (CISB) is not possible and for the latter, 
up to a 100% incidence of HDP has been reported[6], 
and diaphragmatic and respiratory dysfunction has 

Hemidiaphragmatic paralysis and interescalene block - A. Leiva et al.

[0-0]; 0 [0-2]; 0 [0-2.5]; 0 [0-2], respectively. The median [IQR] consumption of 
LA boluses was 1.5 [0-7]. There were no postoperative morphine requirements. 
The most frequent side effect was Horner´s syndrome. Conclusions: Continu-
ous interscalene block with 0.04% levobupivacaine provides adequate analge-
sia for arthroscopic shoulder surgery but does not prevent hemidiaphragmatic 
paralysis at 24 hours under the conditions of this study.

Resumen

	 El bloqueo interescalénico representa el estándar analgésico para cirugía de 
hombro. No obstante, la incidencia de parálisis hemidiafragmática puede al-
canzar 100% de los casos. Nuestra hipótesis es que infusiones con anestésicos 
locales más diluidos disminuirían la PHD 24 horas postbloqueo. Métodos: Serie 
prospectiva de pacientes sometidos a cirugía artroscópica electiva de hombro 
con bloqueo interescalénico continuo. Un bolo de 15 mL de lidocaína 1%-le-
vobupivacaína 0,5% más infusión postoperatoria de levobupivacaína al 0,04% 
a 8 ml/h más bolos a demanda de 5 mL con intervalo de 20 minutos hasta el 
alta. La excursión hemidiafragmática se evaluó con ultrasonido con transduc-
tor curvo 2-5 MHz en modo M en la región infracostal antes del bloqueo, en 
la unidad postanestésica y a las 24 h, antes del alta. El outcome primario fue 
la presencia de parálisis hemidiafragmática 24 horas postbloqueo. Los resul-
tados secundarios incluyeron dolor postoperatorio, total de bolos de rescate, 
requerimiento de opioides postoperatorios y efectos secundarios. Resultados: 
Treinta pacientes fueron reclutados y analizados. La incidencia de PHD a las 24 
h fue 96,7%. La mediana [RIC] de dolor en reposo (pacientes con inmovilizador 
de hombro) medido en escala numérica de 0 a 10, a las 0,5; 1; 3; 6; 12; 24; 
48; 72 horas fueron 0 [0-0]; 0 [0-0]; 0 [0-0]; 0 [0-0]; 0 [0-0]; 0 [0-2]; 0 [0-2.5]; 
0 [0-2] respectivamente. La mediana [RIC] de consumo de bolos de rescate fue 
1,5 [0-7]. No hubo pacientes con requerimientos de morfina postoperatoria. 
El efecto colateral más frecuente fue el síndrome de Horner. Conclusiones: 
El bloqueo interescalénico continuo con levobupivacaína 0,04% proporciona 
analgesia postoperatoria adecuada, pero no evita la PHD a las 24 h en las condi-
ciones de esta serie.
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been demonstrated with infusions of 0.25% bupiva-
caine[7], 0.125% bupivacaine[8],[9] and with 0.2% 
ropivacaine[9],[10].
	 In clínica Las Condes, for more than a decade, the 
Department of Anesthesiology established the use of 
ultra-diluted concentrations of LA for all continuous 
regional blocks in search of a differential block try-
ing to reduce the motor block and its potential com-
plications. Thus, solutions of 0.04% levobupivacaine 
are continuously prepared by the pharmacy either for 
epidural or peripheral nerve infusions, for in- and out-
patients.
	I n the present case series, we aimed to prospec-
tively determine the incidence of HDP in patients who 
underwent arthroscopic shoulder surgery with CISB 
using 0.04% levobupivacaine for infusion as the pillar 
of postoperative analgesia.

Methods

	 After obtaining the approval of the Research Eth-
ics Committee, this study was prospectively registered 
on July 19, 2018, before patient recruitment. After 
signing informed consent, 30 patients scheduled for 
arthroscopic shoulder surgery in whom postoperative 
analgesia based on CISB with levobupivacaine 0.04% 
was planned were prospectively recruited. The inclu-
sion criteria were: age between 18 and 80 years, clas-
sification of the American Society of Anesthesiologists 
(ASA) I - III, and body mass index between 20 and 35 
kg/m2. The exclusion criteria were: inability to consent 
to the study, preexisting pulmonary disease (obstruc-
tive or restrictive), coagulopathy, sepsis, liver or kid-
ney failure, pregnancy, allergy to LA, previous surgery 
on shoulder to operate or cervical region to block, 
and condition of chronic pain requiring domiciliary 
opioids.
	 After admission to the operating room, patients 

were monitored according to the ASA standard, and 
an 18- or 20-gauge intravenous line was installed in 
the contralateral upper extremity contralateral to the 
surgical site. Then, a researcher evaluated the basal 
diaphragmatic excursion on the surgical side with a 
2–5 MHz M-Turbo M-Turbo curvilinear US transducer 
in M ​​mode (Sonosite, Bothell, Washington, USA). The 
liver and spleen served as acoustic windows on the 
right and left side, respectively. Patients were scanned 
at the subcostal border between the clavicular mid-
line and the anterior axillary line with the US probe 
cranially directed[11]. The diaphragmatic excursion 
distance was evaluated in forced inspiration and re-
corded in millimeters (Figure 1).
	 Subsequently, with supplementary oxygen (mask 
4 L/min) and after intravenous premedication (50 μg 
of fentanyl) that was administered to all patients, a 
US 6-15 MHz linear transducer Sonosite M-Turbo (So-
nosite, Bothell, Washington, USA) was applied in a 
sterile fashion at the cervical level on the side to be 
blocked at the height of the cricoid cartilage to obtain 
a view of the hypoechoic structures, which represent 
the roots/trunks of the brachial plexus at this level[12]. 
Using an in-plane with the US puncture technique, 
with a lateral to medial direction, a papule was first 
made with 3 ml of 1% lidocaine and then, using a 
continuous block kit Contiplex S Ultra 360 (B. Braun 
Medical AG, Melsungen, Germany), the block needle 
was inserted under the prevertebral fascia, advanc-
ing the tip into the fascial sheath that surrounds the 
plexus at this level, between the two most superficial 
hypoechoic structures and then threading a catheter 
2-3 cm into this sheath to then proceed with trocar 
removal. Then a mixture of 15 milliliters of lidocaine 
1%-levobupivacaine 0.25% was deposited at this lo-
cation, confirming its distribution under the US. Then, 
the catheter was secured to the patient’s skin with an 
adhesive patch (Tegaderm 3M Health Care, St. Paul, 
MN).

Figure 1. M-mode US for Diaphragm 
excursion measurement. A. Basal dia-
phragm excursion. Oscillating white line 
at 15 cm depth); B. Post block measure-
ment. Static diaphragm.
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	 The intraoperative anesthetic technique was left 
at the discretion of the anesthetist involved in the care 
of the patient. However, the majority received general 
anesthesia induced with propofol, fentanyl, rocuroni-
um and maintained with sevoflurane or desflurane 
with minimal alveolar concentration (MAC) 0.7-1.0, 
controlling the airway with endotracheal intubation 
or laryngeal mask.
	 All subjects were placed in a beach chair position 
for surgery. The surgical duration (interval between 
the insertion of the first trocar and skin closure) was 
recorded.
	 After surgery, a patient-controlled analgesia in-
fuser (PCA) (Sapphire, QCore Medical Ltd, Netanya, 
Israel) with 0.04% levobupivacaine with an 8 mL/h 
infusion plus 5 mL boluses with 20-minute lockout 
program was installed immediately after arriving at 
the post-anesthetic care unit (PACU) (Figure 2A). The 
adjuvant analgesia was indicated by the treating an-
esthesiologist and frequently consisted of around the 
clock IV or PO acetaminophen and a non-steroidal-
anti-inflammatories IV infusion (ketoprofen 300 mg 
or ketorolac 90 mg/24 h) plus q 20 min PRN IV 2 mg 
morphine in PACU and q 6-8 h PRN 50-100 mg of IV 
tramadol in the ward.
	 The patients were discharged after 24 hours post-
surgery, replacing the PCA with a 250-mL elastomeric 
pump (Homepump C-series, Halyard Inc, Roswell, 
Georgia, USA) with a fixed infusion rate of 5 mL/h 
(Figure 2B). After discharge, telephonic control was 
made through daily calls. All patients returned on the 
fourth postoperative day (POD) for catheter removal.

Primary outcome

	 During the first postoperative day, 24 hours af-

ter the initial bolus of LA through the interscalene 
catheter, the diaphragmatic excursion was reassessed 
with the same methodology previously described. A 
diaphragm excursion decrease of less than 25% of 
the baseline value was considered within the possible 
normal variability. However, a drop between 25% to 
75% was interpreted as partial diaphragmatic paraly-
sis, and a difference greater than 75% was classified 
as total paralysis[13].

Secondary outcomes

	 Adverse events were recorded during block ex-
ecution. (e.g., vascular puncture, toxic effects of LA, 
paresthesia).
	 Successful block was defined as the presence of 
sensory block to cold over the deltoid area and pare-
sia/paralysis of the deltoid muscle, assessed by shoul-
der abduction.
	 At 30 minutes after arrival to PACU, diaphrag-
matic mobility was evaluated using the same method 
described and using the same definition of paresis 
and paralysis. Besides, pain scores were recorded 
at the same time using a numerical rating scale of 
0-10 (0 = no pain; 10 = worst pain imaginable) and 
cold-sensory blockade was tested in the deltoid re-
gion. Only pain at rest was assessed, given the in-
dication of shoulder immobilization. Then, with the 
same numerical scale, pain at rest was evaluated at 
1, 3, 6, 12, and 24 hours during hospitalization and 
by phone calls after discharge at POD 2 and 3. Also, 
PCA consumption, opioids requirements, and side 
effects associated with continuous blocks were regis-
tered. Finally, the use of intravenous dexamethasone 
was recorded as well, given its role in prolonging the 
effect of nerve blocks. 

Figure 2. Infusion devices for continu-
ous interscalene blocks. A. PCA pump 
with a 0.04% levobupivacaine solution 
at 8 mL/h plus 5 mL on-demand bolus 
and a 20-minute lockout; B. 250 mL 
elastomeric pump with a 5 mL/h fixed-
rate filled with 0.04% levobupivacaine.
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Statistical analysis

	 For the analysis of results, the Stata 15.0 program 
(StataCorp, 4905 Lakeway Dr, College Station, TX 
77845, USA) was used for descriptive statistics, infer-
ences, and association tests with contingency tables 
for possible risk factors of HDP. Depending on the 
type of variable and its distribution, the results are 
presented as means with standard deviation (SD), me-
dian with interquartile range and range [IQR] (Range) 
in addition to the use of counting and proportions 
with confidence interval [CI] when applicable.

Results

	 After a preliminary analysis of the first thirty sub-
jects recruited, it was evident that the results regard-
ing the primary outcome would not vary significantly 
under the methodology in the study, and it was de-
cided to stop the recruitment. Thus, in this article, we 
present the results of these 30 cases, recruited be-
tween August 2018 and August 2019 (Table 1). All 
blocks were successful (sensory and motor), and in 
96.7% [CI 83-99%] of cases, HDP (total 60.0% and 
partial 36.7%) was demonstrated at 24 h. However, 
the latter did not prevent patients from discharge.
	I n general, postoperative analgesia was adequate 
(Table 2), with a median [IQR] consumption PCA res-
cue boluses of LA during hospitalization of 1.5 [0-7] 
and no additional morphine requirements. In addition 
to HDP, the most common side effect was Horner’s 
syndrome (Table 3). The use of intraoperative intra-
venous dexamethasone (60% of cases) was not cor-
related with differences in the presence of HDP (total 
or partial) at 24 hours after block commencement (p 
= 0.16). On the third day after discharge, patients re-
turned for catheter removal, reporting it as leaking 
in 23% of cases. No individual reported neurological 
deficits in his orthopedic control in POD 7.

Discussion

	I n this case series, we prospectively evaluated 
the incidence of HDP measured with US M-mode, 
24 hours after the start of a CISB with an initial stan-
dard bolus but followed by a 0.04% levobupivacaine 
infusion, which has been the institutional standard 
for more than a decade, trying to determine if an 
infusion with this level of dilution prevents the pres-
ence of HDP (total or partial) prior to discharge in 
patients undergoing arthroscopic shoulder surgery. 

Table 1. Sample characteristics

Variable Result

Age 45 (15)

Sex (M/F) 25/15

BMI 26.0 (3.0)

ASA (I/II/III) 20/10/0

Duration of surgery (min) 70 (31)

Basal diaphragm excursion (mm) 52 (12)

Intraoperative IV-dexamethasone use (%) 60%

Continuous variables expressed as mean (standard devia-
tion); Categorical variables expressed as counting or per-
centage; ASA: Risk level American Association of Anesthe-
siology. BMI: body mass index kg/M2.

Table 2. Postoperative pain

Static pain Result (NRS)

30 min 0 [0-0] (0-8)

60 min 0 [0-0] (0-4)

3 h 0 [0-0] (0-4)

6 h 0 [0-0] (0-4)

12 h 0 [0-0] (0-5)

24 h 0 [0-2] (0-4)

48 h 0 [0-2.5] (0-8)

72 h 0 [0-2] (0-5)

Ordinal variables expressed as median [interquartile ran-
ge] (range); NRS: numeric rating scale from 0 to 10.

Our findings suggest that at least with the protocol 
used, a low concentration of LA would not prevent 
the HDP within 24 hours of initiating a CISB, al-
though it did not affect the quality of postoperative 
analgesia.
	 Our findings deserve further discussion. The HDP 
with ISB derives from two possible mechanisms: crani-
al ascent of the LA towards the nerve roots of C3 - C5 
or its anterior migration from the interscalene groove 
towards the phrenic nerve, which at the usual level 
of injection is only 2 millimeters away[1]. In general, 
attempts to reduce HDP with single-dose ISB have 
sought to limit the injectate between the plexus and 
the middle scalene muscle[1] and decrease the drug 
mass, either in terms of volume or concentration[1]. 
However, none of these attempts has separately man-
aged to lower the incidence of HDP by less than 20%. 
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Studies of CISB and HDP analyzing various concen-
trations (0.25% bupivacaine, 0.125% bupivacaine, 
0.2% ropivacaine) have reported respiratory compro-
mise in up to 100% of cases[6]. Most of these trials 
did not employ ultrasound either to guide the inser-
tion of the catheter or to evaluate the diaphragmatic 
motility. Besides, large and concentrated initial bo-
luses were employed, and the relationship between 
catheter tip and plexus was not confirmed (neither 
ultrasound nor neurostimulation). Also, the respira-
tory exams (spirometry, flowmetry, and chest X-ray) 
did not allow differentiating between total or partial 
paralysis[7]-[10]. 
	 A more recent study compared two positions of 
US-guided catheter tips (intrafascial and posterior-ex-
trafascial) using an initial concentrated bolus (20 mL 
0.75% ropivacaine) followed by an infusion (0.2% 
ropivacaine) at 4 mL/h with on-demand 4 mL bolus of 
the same solution with a 30-minute lockout, evaluat-
ing HDP 24 h postoperatively[14]. The definition of 
HDP was excursion decrease higher than 75% com-
pared to baseline (same as ours for total paralysis). 
Thus, Albrecht et al., placing the tip of the catheter 
outside and posteriorly to the fascial sheath surround-
ing the brachial plexus in the interscalene groove, 
managed to reduce the incidence of (total) paralysis 
from 47% to 15%, but unfortunately, they do not 
describe the incidence of partial paralysis.  Despite 
this, Albrecht et al. proved that the extrafascial loca-
tion of the catheter did not impair the quality of anal-
gesia. Thus, these findings open the possibility of ex-

ploring our diluted concentration of levobupivacaine 
using alternative positions of the catheter tip.
	 Further discussion requires the initial bolus of LA 
and the use of adjuvants, overall if the diaphragmatic 
evaluation occurs 24 hours after their administration. 
In our series, we found 60% total paralysis and 37% 
partial paralysis at 24 hours with an intrafascial cath-
eter. In our series, 60% of the patients received intra-
venous dexamethasone as prophylaxis of nausea and 
vomiting, being this drug a proven nerve block adju-
vant that prolongs the duration of both motor and 
sensory blockade either by intravenous or perineural 
route[15]. Although we found no association be-
tween the use of dexamethasone and the incidence 
of total or partial paralysis, we cannot rule out any 
influence on the presence of the latter at 24 hours 
post block.
	 Concerning diaphragmatic motility measure-
ments, we recognize that in an ideal study protocol, 
at least one evaluation daily up to at least 24 post 
catheter removal is necessary to have a complete idea 
of HDP evolution in CISB. However, for design rea-
sons, there were no post-discharge diaphragmatic 
evaluations, even at the time the patient returned for 
catheter removal.
 	 Finally, we recognize the weakness of the quasi-
scientific design of this study, but since the search of 
diaphragm-sparing alternatives with brachial plexus 
blocks have become popular in recent literature and 
the use of very diluted LA solutions has represented 
the standard of care for CISB in our institution, we 

Table 3. Block characteristics

Variable Result

Successful block (%) 100

HDP PACU (% [CI])
Total (%)
Partial (%)
Normal (%)

100 [88-100]
86.7
13.3

0

HDP 24 h (% [CI])
Total (%)
Partial (%)
Normal (%)

96.7 [83-99]
60

36.7
3.3

Horner´s Syndrome (%) 23

Block related complications (%)
(Vascular puncture/Paresthesia/Pneumothorax/LAST) 

0/0/0/0

Catheter related complications (%)
(Accidental dislodgement/Leak/infection) 

0/23/0

Categorical variables expressed as a percentage [confidence interval]; HDP: hemidiaphragmatic paralysis; PACU: post 
anesthetic recovery unit; CI: confidence interval; LAST: local anesthetic systemic toxicity.
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thought this methodology as adequate as a first at-
tempt to scientifically test the possible benefits of this 
infusions in terms of diaphragm function and may 
even represent a proof of concept for future more 
scientific research protocol designs.

Conclusions

	I n short, the 0.04% levobupivacaine infusion in 
CISB provides adequate postoperative analgesia in ar-
throscopic shoulder surgery but does not prevent HDP 
(total or partial) 24 hours post-block in the setting of 
intrafascial catheters and with an initial bolus of con-

centrated, long-lasting LA. 
	 Therefore, future research on this matter should 
limit the initial bolus, as the single-dose studies have 
suggested, with extrafascial and lateral to the plexus 
injections, even using short-action LA such as lido-
caine, or just as diluted as the solution to infuse. Re-
garding the continuous aspect of the block, keeping 
the infusion of diluted LA outside the plexus sheath 
represents an exciting option. 
	 Furthermore, upcoming studies need to add a 
more systematic evaluation of diaphragmatic motil-
ity beyond 24 hours post-block and ideally supple-
mented with functional tests to correlate the level of 
paresis with its respiratory impact.
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