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Background. The role and significance of the technical aspects of interscalene brachial plexus block in the occurrence of
sudden arterial hypotension and bradycardia events during shoulder arthroscopy in a semi-sitting position are ambiguous.
Aim. The study aimed to assess the effect of interscalene brachial plexus block on the incidence of hypotension-
bradycardia events during shoulder arthroscopic surgery in adolescents in a semi-sitting position.

Materials and methods. This retrospective analysis of anesthesia protocols included 288 patients who underwent
arthroscopic shoulder surgery in a semi-sitting position under the interscalene brachial plexus block. Regional
blockades were performed with neurostimulation in Group 1 (n = 23), neurostimulation and ultrasound navigation
without repositioning the needle in Group 2 (n = 70), and neurostimulation and ultrasound navigation with multiple
precision repositioning the needle in Group 3 (n = 195).

Results. Hypotension-bradycardia events were detected in 26 patients out of 288 (9%). There was a statistically
significant difference in the frequency of hypotension-bradycardia in all groups: 10 (43.48%) in Group 1, 15 (21.43%)
in Group 2, and 1 (0.51%) in Group 3 (p = 0.000). A direct correlation between hypotension-bradycardia episodes and
local anesthetic volume (r = 0.405; p < 0.05), and Horner’s syndrome (r = 0.684, p < 0.05) was found.

Conclusions. Interscalene brachial plexus block with a target delivery of low volume of local anesthetic and dual
navigation reduces the risk of hypotension-bradycardia. Horner’s syndrome can be considered an early predictor of
hypotension-bradycardia events.

Keywords: hypotension-bradycardia events; interscalene brachial plexus block; arthroscopic shoulder surgery; Horner’s
syndrome.
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O6ocHoBanme. [Ipy apTpockomMYecKMx OIepalyuAX Ha IJIEYeBOM CYCTaBe B IOJIO>KEHUN IOMYCHISA He OIpefe/leHa
pOJIb TEXHMYECKUX ACIIeKTOB BBIIOMHEHMs MEXIeCTHIYHON O/I0Kafibl I/IeYeBOrO CIIETEHMs, Ipepacloararomnx
K PasBUTHUIO BHE3AITHbIX SIM30/[0B apTepUaIbHOI TUIIOTOHUM ¥ OpafuKapanu.

Ilenb — olLeHUTD BIUAHME GTIOKaAbl IIIEYEBOTO CIVIETEHMsI MEXJIECTHNYHBIM IOCTYIIOM Ha PasBUTHE SIM300B TUIIO-
TOHUU-O6paVKapA IPY apTPOCKONNYECKNX OepalyAX Ha IIeYeBOM CYCTaBe B IOTIOXKEHWUM ITOMYCUJIA ¥ TOAPOCTKOB.
Marepuansl m MeToAbl. IIpoBefieH peTpOCIEeKTUBHBIN aHa/IN3 aHecTe3nit y 288 MalnueHTOB, KOTOPbIM BBIIIOTHA-
M apTPOCKOIMYEeCK)e Ollepalyyl Ha IVIeYeBOM CYCTaBe B MOJIOKEHUM IIONYCHUASA B YCIOBMAX ONOKajbl IIEYEBOTO
CIUIeTEHNUA MEXJIECTHUYHBIM HOCTYIOM. B mepBoii rpymme (n = 23) pernoHapHble 6/I0Kaibl IIPOBOAVM/INM C IOMOIBIO
HeMpOCTUMY/IALVMN, BO BTOPOI (1 =70) — ¢ IOMOIIBI0 HEMIPOCTUMY/IALMU U YIBTPa3BYKOBOJ HaBUranum 6e3 pe-
MO3MI[VIOHMPOBAHN UITIBIL, B TpeTbell (1 = 195) — ¢ IOMOIIBIO HeMPOCTUMY/IALUMY M YIbTPa3ByKa ¢ MHOTOKPAaTHBIM
MIPENVISVOHHBIM PENO3ULIOHUPOBAHNEM UITIBL.

Pesynbrarhl. ONM304bI IMIOTOHUM-OPaANKAPAUN BBIABIEHBL ¥ 26 (9 %) manueHToB 13 288. OTMeEYeHO CTATUCTUIECKN
3HAYMMOeE pasindue IO YaCTOTe AAHHBIX OCTIOXKHEHMII BO BCeX Ipymmax: B mepBoif — 10 (43,48 %), Bo BTopoit —
15 (21,43 %), B Tpetbeit — 1 (0,51 %) (p = 0,000). O6Hapy»x«eHa IIpsAMast KOPPEALMOHHAsA 3aBUCUMOCTb SII30[,0B TUII0-
TOHUM-OpaguKapauu oT o6beMa MeCTHOro aHecteTrka (1 = 0,405; p < 0,05) u ot curgpoma loprepa (r = 0,684; p < 0,05).
3akmrodenne. briokana nmae4eBoro CrjieTeHus MeXIeCTHUYHBIM JOCTYTIOM C IBOJHONM HaBUTallMell U Ie7IeBOJ JOCTaB-
KOJl MajblX 00BeMOB JIOKaTbHBIX aHECTETHMKOB CHIDKAET PUCK BOSHMKHOBEHUSA SMU30MI0B IMIOTOHUM-OpamyiKapaumL.
PaHHVUM IpeIyKTOPOM pasBUTHA TMIIOTOHUU-OpafMKapANN MOXKHO CUUTaTh CMHApoM [opHepa.

KnroueBbie croBa: FI/IHOTOHI/IH-6P3HI/IK3PIU/IH; 6}10Ka11a IJI€YEBOro CIUVIETEHNA MEXKJIECTHUYIHBIM JOCTYIIOM; apTPOCKO-

I4ecKye olepalyy Ha IIe4eBOM CycTaBe; CMHApoM lopHepa.

Intraoperative stability of hemodynamic param-
eters is one of the factors of patient safety during
anesthesia. With arthroscopic surgical interventions
on the shoulder of a patient who is in a semi-sitting
or beach-chair position (raising the head end of the
operating table by 45-80° and flexing the hips and
knees), under conditions of the interscalene brachi-
al plexus block (IBPB), there is a high probability of
developing arterial hypotension-bradycardia (AHB)
episodes. The frequency of which, according to the
literature, is 13-28% [1-3]. In some cases, AHB
can lead to stagnation of the circulation. AHB in
a patient in the beach-chair position is considered
to be the development of the Bezold-Jarisch reflex
due to the redistribution of blood to the lower ex-
tremities and stimulation of the receptors of the
“empty” left ventricle, vasomotor center, and vagus
nerve core [4]. Currently, there is no unambiguous
concept of the predisposing factors of this compli-
cation [5]. In particular, it is known that AHB syn-
drome develops with excessive sedation and fentanyl
use [6, 7], adrenaline addition in a local anesthetic
or irrigation solution [2, 8, 9], and blockade on
the right side [6]. In IBPB, many authors used the
method of paresthesias or fasciculations in response
to neurostimulation and used significant (from 30.0
to 50.0 mL) volumes of local anesthetics [3, 10, 11].

To our knowledge, there is only one study that
combined neurostimulation with ultrasound (US)
navigation, and the volume of local anesthetics was
13-18 mL [2]. It has been proven that US control
during peripheral regional blocks can reduce the

volume of local anesthetics [12, 13], but it remains
unclear whether lower volumes of anesthetic can
reduce the incidence of AHB [5].

Thus, in the available literature, the role and im-
portance of the technical aspects of IBPB implemen-
tation in the prevention of AHB are not described.

This study aimed to evaluate the influence of the
technique of performing the IBPB on the incidence
of AHB during surgeries in the shoulder joint.

Materials and methods

After approval by the local ethics committee of the
Saint Petersburg State Pediatric Medical University,
aretrospective analysis of the anesthesia protocols was
performed for 288 adolescent patients who underwent
arthroscopic shoulder surgery from 2011 to 2019.

Criteria for inclusion in the study were surgery
under conditions of IBPB in conscious patients
or with anxiolysis (no more than three points
on the Ramsay scale) and semi-sitting position
(beach chair). Exclusion criteria were pathology
of the brachiocephalic vessels, cerebral circulation,
pacemakers and cardiac conduction system, syncopal
condition history, chronic respiratory diseases with
respiratory failure of I-II degrees, intraoperative
controlled hypotension, and deep drug sedation
(four points or more on the Ramsay scale).

The study included 288 patients aged 16-18 years
who, after preinfusion (500 mL of crystalloid so-
lution) and premedication (fentanyl at a dose of
50-100 pg [0.5-1 ug/kg], diazepam at a dose of
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Table 1
General characteristics of patients
Characteristic Group 1 (n =23) Group 2 (n ="70) Group 3 (n =195) p
Age, years 18 [17; 18] 18 [17; 18] 18 [17; 18] 0.97
Gender, m/f, n, % 16/7 (70/30) 49/21 (70/30) 127/68 (65/34) 0.72
Height, m 1.74 [1.68; 1.78] 1.74 [1.62; 1.8] 1.75 [1.66; 1.8] 0.74
Body weight, kg 64 [59; 70] 64 [56; 74] 65 [59; 73] 0.69
Body mass index 21.6 [20.9; 22.5] 21.6 [20.9; 22.8] 21.8 [21.1; 22.8] 0.67
ASA, I/II, n 19/4 59/11 170/25 0.74

Note. ASA, American Society of Anesthesiologist is the perioperative risk scale of the ASA.

5-10 mg, and ketoprofen at a dose 100 mg intrave-
nously) underwent IBPB. Depending on the method
for performing IBPB, the patients were divided into
three groups (Table 1).

IBPB was performed in Group 1 using a neuro-
stimulator (Stimuplex HNS12, 1-0.5 mA, 1 Hz,
0.1 ms, B. Braun, Melsungen, Germany) according
to the Meier method [14] using 20-30 mL of
0.5% ropivacaine for the brachial plexus block and
10-15 mL of 0.2% ropivacaine for the superficial
branches of the cervical plexus block. To determine
the total amount of anesthetic, we sensitized the
calculated dose of 3 mg/kg ropivacaine.

In Group 2, IBPB was performed under US
control (Sonosite M-Turbo, Sonosite, Bothell,
USA: 12 MHz linear sensor, transverse scanning
at the level of the C,-C, vertebrae with lateral
access and long-axis imaging of the needle) and
neurostimulation (Stimuplex HNS12, 0.5 mA,
1 Hz, 0.1 ms). The needle was brought to the
middle trunk, and having received a neuromuscular
response (a contraction of the shoulder biceps),
20-30 mL of 0.5% ropivacaine was injected without
further repositioning, controlling its distribution by
US navigation to all elements of the brachial plexus
subfascially in the interscalene space. Then, a block
of the superficial branches of the cervical plexus
was performed with 10 mL of 0.2% ropivacaine.
To determine the total amount of the anesthetic
agent, we focused on US criteria for the solution

—
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distribution to all elements of the brachial and
cervical plexus but did not exceed the total dose of
3 mg/kg ropivacaine.

In Group 3, IBPB was performed under US
navigation (Sonosite M-Turbo: 12 MHz linear
sensor, transverse scanning at the level of the C,-C,
vertebrae with lateral access and long-axis imaging
of the needle) and neurostimulation (Stimuplex
HNSI12, 0.5 mA, 1 Hz, 0.1 ms) with a selective block
of the brachial plexus trunks. This was achieved by
repeatedly repositioning the needle and introducing
individual boluses of local anesthetic, not exceeding
0.5-1 mL, from each position. The solution was
distributed around each trunk of the brachial plexus,
which determined the necessary volume of local
anesthetic. In total, 7-10 mL of 0.5% ropivacaine
for block of the brachial plexus (Fig. 1) and 5-7 mL
of 0.2% ropivacaine for the block of the superficial
branches of the cervical plexus were used [15].

The quality of the sympathetic component of
the block was determined by the perfusion index
increase measured by a pulse oximeter on the
nail phalanx of finger II of the operated extremity
before and 15 min after the block. The quality of
the block motor component was evaluated 15 min
after the block procedure, in accordance with the
possibility of active movements in the deltoid,
biceps, and triceps muscles of the shoulder (0 = yes
and 1= no). The degree of depth of the sensor block
was determined by the pin-prick method in C,-Th,

Fig. 1. Block of the upper, middle (a), and lower (b) trunks of the brachial plexus with lateral access: I, the upper trunk
of the brachial plexus; 2, the middle trunk of the brachial plexus; 3, the anterior scalene muscle; 4, needle; 5, the lower
trunk of the brachial plexus; 6, the C, vertebra
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dermatomes 15 min after the block (0 = complete
preservation of sensitivity, 1 = moderate decrease in
sensitivity, and 2 = complete anesthesia). The deve-
lopment of Horner’s syndrome was recorded
(0 = absence and 1 = presence).

After the block, the patient was transferred to the
beach-chair position. Oxygen inhalation was pro-
vided through the nasal cannula. The level of depth
of sedation was evaluated using the Ramsay scale.
In emotionally labile patients, propofol was adminis-
tered intravenously at a rate of 0.5-1 mg/kg per hour
to achieve a sedation level of 2-3 points. The used
volume of the local anesthetic solution and intraop-
erative administration of sedating drugs and narcotic
analgesics and their dosages were taken into account.

Heart rate (HR) and blood pressure were
measured every 5 min using a multifunctional
monitor (IntelliVue MP50, Philips, Hamburg,
Germany). According to the diagnostic criteria of
Song et al. [5], AHB episodes were evaluated as
a decrease in HR by at least 30 per minute over
a 5-min interval or an HR of less than 50 per
minute and/or a decrease in systolic blood pressure
by more than 30 mmHg within a 5-min interval or
a systolic blood pressure of below 90 mmHg.

Statistical processing was performed using
the Statistica 10 software package (StatSoft Inc.,
Tulsa, USA). The Shapiro-Wilk test determined
the normality of distribution. Quantitative variables
were presented as the median and interquartile
range (25% and 75" percentiles — [Q,; Q,]), average
values, and confidence intervals. The Kruskal-
Wallis test compared the quantitative variables
and the y* criterion for categorical variables.

The exact Fisher test was used to compare binary
variables and with restrictions on the use of the
x> criterion. Analysis of variance compared the
repeated measurement values. The Spearman’s rank
correlation coefficient evaluated the relationships
between the variables. A p-value of less than 0.05 was
considered statistically significant. Post-hoc pairwise
comparisons were performed using the Mann-
Whitney U test with a significance level of p < 0.017.

Results

After transferring to the beach-chair position,
AHB occurred after 13.2 £ 3.7 min in 26 (9%)
patients. Moreover, AHB developed significantly
(p = 0.000) less frequently in Group 3 compared
with that in Groups 1 and 2. When analyzing the
dependence of AHB occurrence on the use of US
navigation in the general sample, a weak positive
correlation was obtained (r = 0.354; p < 0.05; Table 2).

There was a statistically significant difference
between the groups according to the degree
of sensory block in C; and Th, dermatomes
(p =0.000) in the absence of a significant difference
in the C,—~C, segments. In the general sample, weak
correlations between AHB and sensory block were
revealed at levels Cg (r = 0.365) and Th, (r = 0.381;
p <0.05), as well as the relationship between AHB
and anesthesia method (r = -0.456; p < 0.05) and the
local anesthetic volume (r = 0.435; p < 0.05; Fig. 2).

There was a weak direct correlation between AHB
and perfusion index increase after the block (r = 0.448;
p <0.05), as well as between the local anesthetic
volume and perfusion index (r = 0.428; p < 0.05).

Table 2
Arterial hypotension-bradycardia and anesthetic characteristics
e Gopr | ey s

Arterial hypotension-bradycardia, n (%) 10 (43.48) 15 (21.43)% 1 (0.51)*" 0.000
IBPB on the right, n (%) 13 (56.52) 46 (65.71) 124 (63.59) 0.73
Volume of local anesthetic, mL 30 [30; 35] 30 [28; 34] 15 [15; 18]*" 0.000
Fentanyl, pg (50/100) 17/6 60/10 172/23 0.164
Initial perfusion index 1.0 [0.8; 1.8] 1[0.7; 1.6] 0.9 [0.7; 1.5] 0.33
A TP after the block 15 [8.3; 18.3] 11 [6.6; 15.8] 8.2 [6.1; 10.3]*" 0.002
Depth of the sensor block:

with dermatome of Cg (0/1/2) 0/0/23 0/0/70 85/106/4*" 0.000

with dermatome of Th, (0/1/2) 0/0/23 1/0/70* 98/97/0*" 0.000
Duration of the sensor block, h 14 [13; 17] 13 [11; 15]* 12 [10; 14]** 0.000
Horner’s syndrome 17 (73.91) 24 (34.29)% 2 (1.03)** 0.000

Note. IBPB, interscalene brachial plexus block; A PI, increase in perfusion index. *p < 0.017 compared with Group 1. Tp < 0.017

compared with Group 2.
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Fig. 2. The correlation between the local anesthetic
volume and arterial hypotension and bradycardia episodes
(r =0.435; p < 0.05; 95% confidence interval)

A statistically significant difference (p = 0.000)
between the groups in the used volumes of local
anesthetic for the brachial plexus block with the
maximum volumes in Group 1 was revealed (Fig. 3).
In the post-hoc analysis, the differences were
statistically significant between Groups 1 and 3 and
between Groups 2 and 3 (p < 0.017).

There was no significant difference between groups
in terms of the depth of sedation (p = 0.45), volume
of infusion (p = 0.16), and use of fentanyl (p = 0.16),
diazepam (p = 0.13), and propofol (p =0.077).

Horner’s syndrome was detected in 44 (15.28%)
patients, whereas the syndrome development was
registered in 18 patients (78.26%) in Group 1,
24 (34.29%) in Group 2, and 2 (1.03%) Group 3
(p =0.000). There was a direct average correlation
between AHB and Horner’s syndrome (r = 0.684;
p < 0.05). When assessing Horner’s syndrome as

Fig. 3. Volumes of local anesthetic solutions for brachial
plexus block (p < 0.05)
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Fig. 4. Receiver operating characteristic analysis of the
prognosis of arterial hypotension-bradycardia in the
presence of Horner’s syndrome
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Fig. 5. Analysis of changes in heart rate and mean arterial pressure in the groups (data are presented as mean and
95% confidence interval). * p < 0.05 compared with Group 3. ** p < 0.05 compared with the baseline. HR, heart rate; MAP,
mean arterial pressure
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a predictor of AHB development, the sensitivity
and specificity were 92.3% and 92.7%, respectively,
and the absolute risk of a positive result was 55.8%.
In the absence of Horner’s syndrome, the probability
of AHB was 0.078, and the odds ratio was 153.5
(95% confidence interval 33.7-69.9).

The receiver operating characteristic analysis
showed that the area under the curve was 0.925 (Fig. 4),
which indicates the excellent prognostic quality of
the model for assessing the diagnostic significance of
Horner’s syndrome in predicting the AHB occurrence.

When assessing the hemodynamic parameters,
a significant difference was noted between the
minimum HR levels and mean blood pressure in
Groups 1 and 2 compared with that in Group 3
(p < 0.05). In addition, in Group 1, a statistically
significant difference was revealed with a positive
trend between the initial HR and the HR after
laying in the beach-chair position (p < 0.05; Fig. 5).

Discussion

In our study, the frequency of AHB was 9% in
the total sample, which is 1.5-3 times less than the
literature values of 13% to 28% [3, 5, 8]. In our
opinion, this is due to a decrease in the volume of
local anesthetics and the use of US navigation and
neurostimulation. The frequency of AHB in Group 1
was 43.48%, which is 1.5 times more than in the
studies of Liguori et al. [3] and Kim et al. [10].
In Group 3, AHB was registered only in 0.51%.

According to a study by Nallam [11], the use
of ondansetron reduced AHB from 22.44% to
6.1%, and a study of Liguori [10] found that the
prophylactic administration of beta-adrenoreceptor
antagonists (5 mg metoprolol) reduced AHB from
28% to 5% (p = 0.004).

One of the triggers of the Bezold-Jarisch reflex
is considered to be the initial hypercontractility of
the “empty” heart, which can be prevented with
beta-adrenoreceptor antagonists [4, 8, 10]. However,
the desired effect cannot always be achieved [1].
According to Chierichini et al. [2], the replacement
of adrenaline with norepinephrine in irrigation fluid
can reduce AHB from 28.4% to 8.3%. In this case,
similar volumes of local anesthetics (13.0-18.0 mL)
were used in combination with US simulation
and neurostimulation. An anesthetic agent was
injected into the upper trunk of the brachial
plexus or roots of C,—-C,, achieving diffusion of

the anesthetic to all trunks. According to our data,
the intraoperative administration of fentanyl did
not affect the incidence of AHB. The same results
were obtained by Nallam and Dara [11]. We did not
note a statistical difference between right-sided and
left-sided access to the brachial plexus, unlike the
studies of Seo et al. [6] and Simeoforidou et al. [16].

As a result of our analysis, the dependence of
the frequency of Horner’s syndrome on the volume
of local anesthetic was revealed, which confirms the
opinion of Sukhani [17] on a direct correlation of
the volumes of local anesthetics and the frequency
of stellate ganglion block. The literature data on the
frequency of Horner’s syndrome are ambiguous, and
many authors did not reveal any difference when
using 20 and 40 mL of local anesthetic for IBPB [18].
In an experiment on cadavers, Feigl et al. [19] found
that 30 mL of the stain administered according to
the Winnie technique in the interscalene groove
spread ventrally and dorsally to the anterior scalene
muscle with staining of the sympathetic trunk.
Probably, this volume can be considered critical
for the development of the sympathetic ganglia
block. However, the injection site should also be
considered. Thus, Kim et al. [20] revealed that there
was no Horner’s syndrome when using 20.0 mL of
anesthetic injected with interscalene access, but it
developed in 2 (8.3%) of 24 patients with 20.0 mL
injected with supraclavicular access.

The data are presented that the development of
Horner’s syndrome does not depend on the use of
US navigation, a neurostimulator, or a combination
thereof in the case of administration of 20.0 mL of
local anesthetic [21], but there is a dependence on
age. The authors concluded that the combination of
US control and neurostimulation is promising, and
because of the accuracy of administration, both the
volume of anesthetic and the incidence of Horner’s
syndrome can be reduced. Our data in Group 3,
using dual navigation and targeted selective delivery
of local anesthetic, confirm these assumptions.

A further decrease in the volume of local
anesthetic is considered inappropriate because
of a decrease in the block duration [22]. In our
work, we did not reveal a correlation between
Horner’s syndrome and age (r = 0.017; p < 0.05).
The direct relationship of Horner’s syndrome with
AHB (r=0.684; p < 0.05) confirms the hypothesis
of Seo et al. [6] and Song et al. [5] that stellate
ganglion block can lead to AHB.
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Conclusion

The implementation of the IBPB under US
navigation and the use of neurostimulation can
reduce the volume of local anesthetic, ensuring its
selective targeted delivery, and reduce the incidence
of AHB. Horner’s syndrome should be considered an
early predictor of the development of AHB episodes.
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