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Abstract

by the absence of pain response at the surgical incision.

Background The role of neurostimulation-aided cervical epidural anesthesia (CEA) in shoulder surgery has been
described in the literature. The use of nerve stimulators and the infusion of local anesthetic (LA) in the cervical
epidural space has also been mentioned. Epidural needle rotation prior to insertion of the catheter is not described,
and it is not clear if general anesthesia was administered in these cases.

Case presentation In this case series, we performed CEA at the level of C7-T1 in 12 patients undergoing various
surgeries on the proximal open shoulder and mid humerus after informed consent. Ipsilateral motor responses
elicited by continuous electrical stimulation were used to identify lateralization of the epidural catheter tip. The place-
ment of catheters was confirmed under an intraoperative image intensifier. Using the median approach at the level
of C7-T1, an ipsilateral twitch was noted in all patients. Neurostimulation persisted with an advancement of stimu-
lating catheter 3-4 cm in the cervical epidural space in all patients. A cervical radiograph confirmed the place-

ment of an ipsilateral catheter and contrast injection there upon revealing the spread of the LA agent. All patients
had successful awake shoulder and mid-humerus surgeries under sole cervical epidural anesthesia as evidenced

Conclusions Ipsilateral CEA can be offered for unilateral upper limb surgeries. Low volumes of LA can be injected
after precise placement of the tip of the catheter corresponding to the level of surgical incision.
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Background

A continuous cervical epidural anesthesia (CEA) has
been described in case reports to provide excellent
postoperative analgesia for patients undergoing upper
extremity surgery (Tsui et al. 2004a; Buchheit and Crews
2000; Prusinkiewicz et al. 2005). However, it is not com-
monly implemented as a sole anesthetic technique for
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upper limb surgery. Though a caudal to thoracic catheter
placement in pediatric patients is reported, a neurostim-
ulation-guided cervical epidural placement of catheter
from the upper thoracic route for shoulder surgeries
in adults is also mentioned in the literature (Tsui et al.
2001).

In our case series, there was excellent unilateral anes-
thesia and analgesia which could be achieved with ipsi-
lateral placement of the tip of the stimulating epidural
catheter after rotating the epidural needle hub in the cer-
vical epidural space.
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Case presentation

Informed consent was obtained from all patients and
were counseled for the use of stimulating catheters and
radio-contrast media for the spread of local anesthetic
(LA). In 12 patients, a CEA was administered for the iso-
lated proximal humerus, shoulder girdle stabilization,
and shoulder disarticulation. Continuous CEA was per-
formed in a sitting position on the operating table after
securing an intravenous (IV) line and a continuous moni-
toring of heart rate with two lead ECGs and oxygen satu-
ration. Precautions were taken in the event of a vasovagal
shock (atropine, intubation cart).

After sterile preparation, with the patients awake
and sitting, a 17-G Tuohy-stimulating needle (Arrow®,
Inc.) was inserted at the level of C7-T1 with a midline
approach after skin infiltration with 4 ml of 1% lidocaine
at the point of needle insertion. The cervical epidural
space was identified with a loss of resistance technique,
following which the catheter (Arrow®, Inc.) was inserted.
The epidural needle hub was rotated 90° on the side to
be operated before catheter insertion. A nerve stimulator
(B-Braun, USA) was connected to the stimulating epi-
dural catheter with a stylet which was primed with 0.9%
saline prior to threading. Electrical leads were positioned
on the abdomen, and an electrical current (1-3 mA) was
applied during advancement. Contractions of triceps,
biceps, and deltoid muscles were observed and noted
as the catheter was threaded. The side of the evoked
motor response (EMR) and current was recorded for
each patient if the twitch was unilateral. The end-point
was the EMR of either the biceps or the deltoid muscles
(C5-7). The catheter was secured with a sterile dressing
(Tegaderm; 3 M Medical, USA). Patients were made to
lie supine, and the tip of the radio-opaque catheter was
located on the image intensifier in the antero-posterior
and lateral views. With an ongoing continuous neuro-
stimulation, the unilateral EMR we re-confirmed and an
initial dose of 1 ml of iohexol (300 mg iodine/ml) diluted
in 5 ml 0.5% bupivacaine was injected. The position of
the catheter was confirmed on fluoroscopy after the ini-
tial dose. Analgesia was confirmed with a light pinprick
after 20 min using a 26-G hypodermic needle. Top-ups of
0.5% bupivacaine were injected in aliquots of 1 ml when
the surgeon complained of inadequate relaxation, patient
bleated pain on the surgical incision and at the comple-
tion of the surgical procedure when pain first appeared.
The total dose of LA injected (bolus and top-ups) was
noted in all patients. All patients received IV midazolam
1-2 mg prior to surgical incision. The assessment was
made during the surgical incision for pain, discomfort,
and change in the heart rate. Three patients for shoulder
disarticulation were sedated with a propofol infusion at
100 pg/kg/min, after surgical incision confirmed block
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efficacy. Intraoperatively, patients were monitored with
non-invasive blood pressure, electrocardiogram, and oxy-
gen saturation. Intraoperative bradycardia or hypoten-
sion if any was recorded. An infusion of 0.1% ropivacaine
at 5 ml/h was initiated immediately after the surgical pro-
cedure. Pain scores (visual analog scale) were monitored
for the next 48 h at various time points (0, 6, 12, 24, and
48 h). Patients were assessed over 24 h for pain [visual
analog scale pain scores 0—10 (VAS)] and side effects. IV
diclofenac 75 mg was injected 12th hourly as a part of
multimodal analgesia and intravenous tramadol 50 mg in
100 ml normal saline was prescribed as a rescue analgesic
for a VAS more than 4. The amount of tramadol required
was calculated in the first 24 h.

Block efficacy was considered adequate if there was
no pain on incision, no supplementation of intravenous
analgesics in the intraoperative period, and a VAS of
not more than 4 in the postoperative period for the first
48 h. At the end of the 48th hour and completion of infu-
sion, epidural catheters were removed. Prior to discharge
patients were assessed for local neck pain and neurologi-
cal complications, if any.

CEA was attempted in 12 patients, and surgeries were
successfully conducted in 11 patients (4 males, 7 females).
One patient with a dural puncture received general anes-
thesia. The mean age was 46.45 years, and the mean
current at which the desired EMRs were achieved was
2.4 mA. With the needle hub rotation to the right, EMRs
were successfully obtained in the right C5-6 myotomes in
7 patients and to the left in 4 patients. Images obtained
with fluoroscope depicted the catheter tip (Fig. 1A) at
vertebral levels of C5-6 in 8, at C6 in 2, and at C6-7 in
2 patients. The mean LA volume used initially and as a
top-up dose was 8.08 and 4.72 ml, respectively. Contrast
spread (Figs. 1B, 2A, B, 3A, B) was visualized from the
lower end of C2 to the upper end of T3 with 5 to 10 ml of
radiocontrast diluted in LA. The mean surgical duration
was 78.66 min. The mean VAS score was 1.85 at the end
of the 48th hour. Six patients required rescue analgesics
(IV tramadol, mean of 75 mg). In patients who received
propofol infusion for shoulder disarticulation, all awoke
with VAS of 0, 1, and 2 in the postoperative recovery
room. Intraoperative bradycardia in one patient and
hypotension in three patients were noted after top-ups
with LA. Hand grip was weak in 6 patients who received
top-ups of LA and 4 among them had contralateral
weakness in the immediate postoperative period. Cath-
eters removed at the 48th hour were uneventful, and no
local pain or neurological adverse effects were reported.
The patient who suffered from a dural puncture did not
complain of headaches or visual disturbances. Table 1
depicts the current used in milliamperes, the muscle in
which evoked motor response was observed, the catheter



Diwan et al. Ain-Shams Journal of Anesthesiology (2023) 15:70 Page 3 of 5

epidural
catheter tip

catheter tip
in mid-line

Fig. 1 A Catheter tip located in the lateral epidural space at the level of C6 vertebral level. B Catheter tip is lateral to the mid-line at the C6 vertebral
level. Contrast injections delineate the cervical nerve roots (Cnr). T1, first costotransverse junction

Fig. 2 A Catheter tip in the posterior epidural space (PES). The upper limit of contrast is at the C2 level. B Catheter tip is lateralized in the cervical
epidural space with maximum contrast spread on the surgical side and minimal spread on the non-operative side
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Fig. 3 A Lateral view: contrast spread in the posterior epidural space (PES) and anterior epidural space (AES) till the C5 upper vertebral level. B
Anterior-posterior view: contrast injection depicting the spread from C5 till T2 and delineates the cervical nerve roots
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Table 1 Showing current used, side of evoked motor response, catheter tip location, extent of contrast spread and local anesthetic

used
Patient no Current (mA) Evoked motor response Catheter tip Contrast spread Local anesthetic in ml
location (0.5% bupivacaine)

Initial Top-up

1 1.8 Right deltoid C5-6 Upper-C5, lower-C7 5 0

2 2.7 Left deltoid C5-6 Upper-C5, lower-T1 5 2

3 32 Right deltoid C5-6 Upper-C4, lower-T1 7 6

4 24 Left biceps C5-6 Upper- C3, lower-T3 10 8

5 2.1 Right deltoid C5-6 Upper-C2, lower-T2 10 6

6 1.8 Right deltoid C5-6 Upper-C4, lower-C7 6.5 0

7 24 Right biceps c6-7 Upper-C3, lower-T3 10 4

8 29 Left deltoid (@3) Upper- C4, lower-T2 6.5 2

9 35 Right deltoid C5-6 Upper-C3, lower-T2 7 6

10 24 Left biceps C6-7 Upper-C3, lower-T3 10 8

11 1.9 Right deltoid C5-6 Upper-C3, lower-T3 10 6

tip location, the contrast spread visualized, and the local
anesthetic volume used.

Discussion
Neurostimulation of cervical epidural space has been
reported earlier (Tsui et al. 2004a; Borghi et al. 2004).
The catheters were introduced through a paramedian
approach at the mid-upper thoracic space irrespective
of the surgical site. The hypothesis of a right paramedian
approach to position the catheter tip in the left cervical
epidural space proved incorrect, as only 20% of catheters
were threaded to the opposite side. The study did not
mention the initial volume and the top-up of LA injected
for a successful block. Catheters were lateralized success-
fully with rotation of the needle hub, and the level of the
tip was confirmed with radiographic (image-intensifier)
analysis in all patients. The beneficial effects of nee-
dle hub rotation are described in literature (Tsui et al.
2004b). All except 3 of our patients (shoulder disarticu-
lation) were awake throughout the surgical procedure.
Since shoulder disarticulation is an extremely unpleasant
surgery, it was decided to sedate patients with continu-
ous infusion of propofol after confirming block efficacy.
Lateralization of the catheter tip in the cervical epi-
dural space is reported in a case report (Prusinkiewicz
et al. 2005). As against bilateral block in all patients,
we demonstrate unilateral block with volumes as low
as 5-7 ml (n=6) with an initial bolus dose. Ipsilat-
eral weakness of hand grip was noticed in 6 patients
with an initial volume of 10 ml. None of the patients
demonstrated bilateral blocks with top-ups of 2 ml
injected 45 min apart. A continuous infusion of 0.1%
ropivacaine at 5 ml/h with intravenous paracetamol
1 g injected 8 hourly did not warrant a rescue analgesic

in this study. The respiratory effects were unnoticed
and cardiac events occurred in 6 patients. Though a
study mentions that CEA decreases pulmonary func-
tions (tidal volume, forced vital capacity, forced expira-
tory volume in the 1st second, and vital capacity), they
become clinically significant only in patients with pre-
existing respiratory pathology (Shanthanna et al. 2016).
The experimental human cervical epidural study has
proved that LA injection in the cervical epidural space
depresses the sympathetic nervous system and barore-
flex control of heart rate, resulting in bradycardia and
hypotension (Tanaka et al. 2004).

Continuous CEA with a stimulating catheter does
have limitations. It is not cost-effective. We suggest that
this block should be performed by anesthesiologists
who understand the intricacies of stimulating catheters
and perceive a thorough knowledge of cervical epi-
dural space. The patient population has to be selected
(stoppage of anticoagulants/antiplatelets as per rec-
ommendations, severe pulmonary disorder, anatomic
abnormality in the cervical area, obese patients with a
pad of fat at the site of needle insertion are contrain-
dications). This block could be offered in patients in
whom interscalene block is an absolute or relative con-
traindication, i.e., who could develop respiratory com-
promise after the block (Hortense et al. 2010).

Patients who have respiratory issues (chronic
obstructive pulmonary disease, bronchial asthma),
requiring shoulder surgeries, are an anesthetic chal-
lenge. General anesthesia could be risky and techniques
like interscalene block, and high thoracic epidural anes-
thesia can compromise existing respiratory conditions.
We think our technique could be feasible and safer for
such patients.
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Conclusions

Through this limited case series, we suggest utilizing an
ipsilateral CEA for unilateral upper limb surgeries. We
recommend an appropriate lateral positioning of the
catheter tip aided with neurostimulation below the level
of C4 which will assist in reducing the volumes of LA for
site-specific surgery.

Abbreviations

CEA Cervical epidural anesthesia
LA Local anesthetic

v Intravenous

EMR Evoked motor response
VAS Visual analog scale
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