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Purpose: Thoracic paravertebral block (TPVB), in conjunction with intravenous sedation, is

reported to provide surgical anesthesia for primary breast cancer surgery (PBCS). Although

ultrasound-guided (USG) TPVB has been described, there are no reports of USG multilevel

TPVB for surgical anesthesia during PBCS. The aim of this prospective observational study

was to determine the feasibility of performing USG multilevel TPVB, at the T1–T6 vertebral

levels (6m-TPVB), and to evaluate its efficacy in providing surgical anesthesia for PBCS.

Patients and Methods: Twenty-five female patients undergoing PBCS received an USG 6m-

TPVB for surgical anesthesia. Four milliliters of ropivacaine 0.5% (with epinephrine 1:200,000)

was injected at each vertebral level. Dexmedetomidine infusion (0.1–0.5 µg.kg−1.h−1) was used

for conscious sedation. Success of the block, for surgical anesthesia, was defined as being able to

complete the PBCS without having to resort to rescue analgesia or convert to GA.

Results: The USG 6m-TPVB was successfully performed on all 25 patients but it was

effective as the sole anesthetic in only 20% (5/25) of patients. The remaining 80% (20/25)

reported pain during separation of the breast from the pectoralis major muscle and its fascia.

Surgery was successfully completed using small doses of intravenous ketamine (mean total

dose, 38.0±20.5 mg) as supplementary analgesia.

Conclusion: USG 6m-TPVB is technically feasible but does not consistently provide

complete surgical anesthesia for PBCS that involves surgical dissection on the pectoralis

major muscle and its fascia. Our data suggest that the pectoral nerves, which are not affected

by a 6m-TPVB, are involved with afferent nociception.

Keywords: anesthesia, analgesia, thoracic paravertebral block, mastectomy, breast,

ultrasound

Introduction
Primary breast cancer surgery (PBCS), which includes simple mastectomy with

sentinel lymph node biopsy (SLNB) and modified radical mastectomy (MRM) are

surgical procedures that are traditionally performed under general anesthesia (GA).

Thoracic paravertebral block (TPVB), in conjunction with intravenous sedation, has

been used as an alternative to GA for surgical anesthesia during PBCS1,4 with

improved outcomes,1,2,4 minimal complications1,5 and a high degree of patient

satisfaction.4 When used for surgical anesthesia during PBCS, TPVB is performed

as a multilevel injection technique (C7–T6,1,2 C7–T7,4 T1–T6,3,6 and T1–T5,7 T3–

T65) because dermatomal anesthesia after a single-injection is variable8,9 and

a multilevel injection technique produces more reliable sensory blockade than
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a single-injection.10 A review of the literature indicates

that the majority of published data on TPVB for surgical

anesthesia during PBCS are from a time when anatomical

landmark-based techniques were used to perform multi-

level TPVB.1,2,4,6 Today ultrasound guidance is frequently

used for regional anesthesia including TPVB.11,12

Although several ultrasound-guided (USG) TPVB techni-

ques have been described in the literature,11 there is

a paucity of data on USG multilevel TPVB13 and, to the

best of our knowledge there are no data describing USG

multilevel TPVB for surgical anesthesia during PBCS. The

primary objective of this study, defined a priori, was to

determine the feasibility of performing USG multilevel

TPVB at the T1 to T6 vertebral levels, as six separate

injections (6m-TPVB), and the secondary objective was to

evaluate its efficacy in providing surgical anesthesia for

PBCS.

Materials and Methods
This report adheres to the applicable STROBE guidelines

for reporting observational cohort studies. The study was

also conducted in accordance with the Declaration of

Helsinki. After clinical research ethics committee (The

Joint Chinese University of Hong Kong – New

Territories East Cluster Clinical Research Ethics

Committee) approval and written informed consent, 25

female patients, 30–80 years old, American Society of

Anesthesiologists (ASA) physical status I-III, scheduled

for elective PBCS under a 6m-TPVB at the North

District Hospital in Sheung Shui, Hong Kong were

enrolled from November 1, 2013 to July 31, 2014) for

this prospective, non-randomized, observational study.

Patients with the following conditions were excluded:

patient refusal, ASA physical status >III, BMI ≥ 35 kg/

m2, patients undergoing lumpectomy or partial (segmental

or quadrantectomy) mastectomy, pregnancy, spinal defor-

mity, neuromuscular disease, previous ipsilateral thoracic

spine surgery, bleeding tendency or evidence of coagulo-

pathy, history of allergy to local anesthetic drugs, skin

infection at the site of needle insertion, or contraindication

to regional anesthesia.

Preoperative Preparation
All patients were seen on the day before surgery and they

were all fasted preoperatively. During the preoperative

visit patients were instructed on the use of a numeric rating

scale (NRS, 0–100 mm) for pain assessment (0 = no pain,

100 = worst imaginable pain). On the day of surgery,

patients were admitted to the anesthetic procedure room

approximately 1 hour before surgery. On arrival, intrave-

nous access was established (18–20 G intravenous cathe-

ter) on the contralateral hand or forearm and standard

monitoring (EKG, non-invasive blood pressure and

SaO2) was instituted. “Time out” (regional anesthesia pre-

procedural checklist) procedure was also performed.

Patients were then positioned in the lateral decubitus posi-

tion with the side to be blocked uppermost, the neck

slightly flexed and the upper arm resting on the pillow

(Figure 1A). Oxygen 4 L/min was administered via

a facemask and expired CO2 was continuously monitored

through the facemask to detect any apnea. Midazolam

(1–2 mg) and ketamine (10–20 mg) were then adminis-

tered intravenously for sedation and analgesia (comfort)

before block placement and an intravenous infusion of

dexmedetomidine (0.1–0.5 µg.kg−1.h−1) was commenced

(without a loading dose) and continued throughout surgery

to maintain conscious sedation, whereby the patient was

asleep when left undisturbed but rousable on verbal

commands.

The Ultrasound Scan Sequence
The thoracic intervertebral levels (T1–T6) for the 6m-

TPVB were identified and marked on the patients back

(Figure 1A). Another line was drawn approximately

3–4 cm lateral and parallel to the midline, on the side of

the block, to indicate the lateral limit for needle insertion

(Figure 1A). A Philips ultrasound system (HD11XE or

CX50, Philips Healthcare, Andover, MA, USA) with

a low-frequency curved array transducer (C5-2, 5–2 MHz

with the HD11XE or C5-1, 5–1 MHz with the CX50) was

used for the ultrasound scan. Ultrasound gel was applied to

the skin for acoustic coupling and the transducer was

placed 2–3 cm lateral to the spinous process, at the target

vertebral level, in the transverse plane with its orientation

marker directed laterally (outward). A transverse scan of

the paravertebral region was then performed in three

sequential steps, over three contiguous sites over the para-

vertebral region (Figure 1B), for consistency and to better

define the sonoanatomy relevant for the 6m-TPVB. The

ultrasound scan sequence at each spinal level included the

following steps: Step 1 (Figure 2A, position 1): the trans-

ducer was placed over the rib and costotransverse articu-

lation. The hyperechoic outlines of the spinous process,

lamina, transverse process and rib, with their acoustic

shadow, were clearly delineated when the osseous anat-

omy was followed from a medial to lateral direction
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(Figure 3A). Due to the large acoustic shadow produced

by the spinous process, lamina, transverse process and rib

complex (Figure 3A), ultrasound visualization of the para-

vertebral anatomy is not possible in this ultrasound view.

Step 2 (Figure 2A, position 2): maintaining the same

transverse orientation the transducer was slowly moved

caudally until the acoustic shadow of the rib disappeared

and the echogenic outlines of the lamina and transverse

process with their acoustic shadow were visualized (Figure

3B). In the transverse sonogram, lateral to the transverse

process, the echogenic parietal pleura and lung were visua-

lized anteriorly, the thick echogenic superior costotrans-

verse ligament posteriorly, and the hypoechoeic apex of

the paravertebral space was interposed between the two

(Figure 3B).12 Step 3 (Figure 2A, position 3 and Figure

2B): finally from the above position the transducer was

tilted slightly caudally until the acoustic shadow of the

transverse process disappeared and the hyperechoeic infer-

ior articular process (IAP) with its acoustic shadow was

visualized medially (Figure 3C). As in the transverse

sonogram at position 2, the superior costotransverse liga-

ment, parietal pleura, and apex of the paravertebral space

were clearly delineated but since the acoustic shadow of

the transverse process was no longer visualized the super-

ior costotransverse ligament and outlines of the paraver-

tebral space were better defined (Figure 3C). The latter

ultrasound window represents the paramedian transverse

view of the thoracic paravertebral anatomy, as imaged

through the inter-transverse space (Figure 4), which was

used as the target ultrasound window for the paravertebral

injections in this study.

Ultrasound-Guided Multilevel Thoracic

Paravertebral Block
The 6m-TPVB was performed using real-time ultrasound

guidance and by starting at the T6 vertebral level (Figure 5)

after which each subsequent paravertebral injection was

Figure 1 Ultrasound-guided multilevel thoracic paravertebral block for primary breast cancer surgery. Figure showing (A) position of the patient and skin markings on the

back for the block, (B) position and orientation of the ultrasound transducer, (C) ergonomics used during the procedure, and (D) in-plane needle insertion from a lateral to

medial direction.
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performed in a caudo-cephalad direction. All paravertebral

injections during the study were performed or supervised by

a single experienced operator (MKK) with more than 25

years of experience performing TPVB. The target transverse

ultrasound window (described above) was acquired and opti-

mized at each thoracic level (Figures 5–6) before the para-

vertebral injection. Thereafter under strict aseptic

precautions (Figure 1C) and under local infiltration

(Lignocaine 1%, 1 mL at each level) a SonoTAP nerve

block needle (Pajunk, 22G, 80 mm, Pajunk, Geisingen,

Germany) was inserted in-plane and slowly advanced from

a lateral to medial direction (Figure 1D, Figures 5–6) until its

tip was located at the apex of the paravertebral space.

Sonographic criteria were used to confirm correct needle tip

position: 1) visualizing the needle tip at the apex of the

paravertebral space (Figure 5B); and/or 2) anterior displace-

ment of the parietal pleura after a test bolus injection of

1–2 mL of normal saline.12 Four mL of ropivacaine 0.5%

(with 1:200,000 adrenaline) was then slowly injected through

the nerve block needle while anterior displacement of the

parietal pleura (Figure 5C) was closely monitored. The pro-

cedure was repeated at T5–T1 (Figures 5–6) with the same

volume of ropivacaine 0.5% (with 1:200,000 epinephrine)

but the total volume was limited to 25 mL (125 mg) for the

entire procedure. Since visualization of the parietal pleura at

the T1 level is difficult14 the ultrasound scan technique was

modified by tilting the transducer slightly caudad to visualize

the parietal pleura (Figure 6G). Thereafter the procedure was

identical to that at the other thoracic levels except that the

block needle had to be inserted with a slightly steeper angle

and in an oblique direction at the T1 level (Figure 6H). No

formal sensory assessment was performed since patients

were sedated. Surgery started about 25–30 minutes after the

last paravertebral injection. The 6m-TPVB technique was

considered a success if anterior displacement of the pleura

was visualized after the local anesthetic (LA) injection at all

six levels and patients did not complain of pain during the

surgical incision.

Figure 2 (A) Figure illustrating the various positions of the ultrasound transducer, relative to the osseous structures of the thoracic spine, during the ultrasound scan

sequence described in this report. Position 1: at the level of the rib and transverse process; position 2: at the level of the transverse process; position 3: at the level of the

inferior articular process. (B) Note the relationship of the inferior articular process to the inferior vertebral notch and the intervertebral foramen.
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Intraoperative Management
Midazolam (1 mg, i.v. bolus as needed) and dexmedeto-

midine infusion (0.1–0.5 µg.kg−1.h−1) was used to main-

tain conscious sedation during surgery. Oxygen (4 L.

min−1) and apnea monitoring (expired CO2) was continued

via the facemask or nasal cannula throughout surgery.

Patients were also offered a headphone to listen to music

from a portable music device. Surgery usually commenced

25–30 mins after the last paravertebral injection. The

PBCS was performed via a single transverse elliptical

skin incision, extending from the medial aspect of the

breast (close to the sternum) to the anterior margin of the

latissimus dorsi muscle, and included the nipple-areolar

complex. Mastectomy skin flaps were raised using electro-

cautery and the breast parenchyma with the fascia over-

lying the pectoralis major muscle were removed from the

chest wall. The sentinel lymph node biopsy and axillary

lymph node dissection were also performed through the

same skin incision. Before the surgical incision the sur-

geon ensured that the patient did not respond to painful

stimulus, by pinching the skin with a tooth forceps, at the

axilla (intercostobrachial nerve, T2), along the skin mark-

ings for the surgical incision (T3–T5) and along the infra-

mammary crease (T6). If patients reported pain to the

painful stimulus then the surgery was withheld for 5–10

minutes, to allow for any further progression of the sen-

sory blockade, and the test was repeated by the surgeon. If

the patient still reported pain then the block was consid-

ered a failure and GA was administered with induction of

unconsciousness, intravenous opioids and airway support.

If patients did not report pain to the painful stimulus then

surgery commenced and ketamine (10–20 mg i.v. bolus)

was administered as rescue analgesia for any pain reported

thereafter, up to an arbitrary maximum of 100 mg (for the

Figure 3 Paramedian transverse sonograms of the thoracic paravertebral region with the ultrasound beam being insonated (A) at the level of the rib and transverse process

(position 1 in Figure 2); (B) at the level of the transverse process (position 2 in Figure 2), and (C) at the level of the inferior articular process (position 3 in Figure 2).

Abbreviation: SP, spinous process; TP, transverse process; CTJ, costotransverse junction; PSM, paraspinal muscles; TPVS, thoracic paravertebral space; IIM, internal

intercostal membrane; PIS, posterior intercostal space; SC, spinal canal; AC, anterior complex; IAP, inferior articular process; SCTL, superior costotransverse ligament; IVF,

intervertebral foramen.
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study), after which the block was considered a failure and

converted to GA. Any drop in blood pressure >20% com-

pared to the baseline value was defined as hypotension and

treated with phenylephrine (100 µg i.v. bolus).

Dexmedetomidine infusion was discontinued 15–20 min-

utes before the end of surgery.

Management in the PACU
After surgery, patients were transferred to the post anesthetic

care unit (PACU) for postoperative monitoring before they

were discharged to the surgical ward. Postoperative pain was

assessed using a NRS described above. If NRS pain score

was greater than 40 at rest or patient requested additional

analgesia, morphine 1 mg was administered i.v. and repeated

every 5 minutes, as deemed necessary, until NRS pain score

was ≤ 30. If patient reported nausea that persisted for more

than 10 minutes or vomited more than twice, ondansetron

4 mg was administered i.v. to treat the postoperative nausea

and vomiting. Aldrete post-anesthetic recovery score15 was

also recorded at two time points: 1) on arrival to the PACU;

and 2) at discharge from the PACU.

Outcome Measures
An independent observer (research nurse) recorded all out-

comes variables. The primary aim of this study was to

determine the feasibility of performing the USG 6m-TPVB.

The secondary aim was to evaluate the efficacy of the 6m-

TPVB, in providing surgical anesthesia for PBCS and

defined as being able to complete the scheduled PBCS with-

out having to resort to rescue analgesia or convert to GA.

Other secondary outcomes recorded included any complica-

tion directly related to the technique or local anesthetic

injection (vascular puncture, pleural puncture, pneumothorax

or local anesthetic toxicity). Intraoperative requirements of

ketamine, dexmedetomidine, and phenylephrine were also

quantified from the data recorded.

Figure 4 Correlative transverse cadaver (A), CT (B), MRI (C), and ultrasound (D) images of the thoracic paravertebral region from the level of the vertebral body and

inferior articular process corresponding to the level at which the paramedian transverse scan was performed (Figure 2, position 3).

Abbreviations: Eo, oesophagus; TPVS, thoracic paravertebral space; VB, vertebral body; IVF, intervertebral foramen; SCTL, superior costotransverse ligament; SP, spinous

process.
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Statistics
Twenty-five patients were chosen for this study because we

considered it to be an adequate cohort to evaluate the defined

outcomes of this study. Data were analyzed using the

Statistical Package for the Social Sciences (SPSS for

Windows, Version 20, IBM Corporation, Armonk, NY,

USA). Data are presented descriptively as a mean (SD)

when normally distributed and as a median [interquartile

range, IQR] when not normally distributed. Categorical vari-

ables are presented as a frequency and percentage (n, %).

Results
The USG 6m-TPVB was successfully performed on all 25

patients (Table 1) using the technique described but the

paravertebral injection at the T1 level was technically more

challenging than that at the T2 to T6 levels. Clinical para-

meters relating to the 6m-TPVB are presented in Table 2.

Surgery lasted for an average of 99.7±28.7 minutes and the

6m-TPVB was effective as the sole anesthetic for the PBCS

in only 20% (5/25) of patients. In the remaining 80% (20/25)

of patients it provided incomplete anesthesia with patients

reporting pain or discomfort during surgical separation of

the breast from the fascia of the pectoralis major muscle and/

or washout of the surgical wound with warm normal saline

towards the end of surgery. Surgery was successfully com-

pleted using small bolus doses of intravenous ketamine

(mean total dose, 38.0±20.5 mg) as supplementary analgesia

(Table 1). Patients reported no pain at rest on arrival (median

NRS, 0[0–0]), or discharge from the PACU (median NRS, 0

[0–1]). Hypotension, requiring i.v. phenylephrine, developed

in 8/25 (32%) patients. Otherwise, there were no complica-

tions directly related to the technique of 6m-TPVB or the

local anesthetic injection, and recovery from the paraverteb-

ral block was uneventful.

Discussion
This study aimed to determine the feasibility of perform-

ing USG 6m-TPVB, and to evaluate its efficacy in

Figure 5 A sequence of transverse sonograms demonstrating ultrasound guided 6m-TPVB at the T6–T4 vertebral levels using the transverse in-plane technique at the level

of the inferior articular process in the same patient. At each vertebral level, T6 (A–C), T5 (D–F) and T4 (G–I). (A) represents the preview scan, (B) the sonogram during

the in-plane needle insertion; and (C) the sonogram after the local anaesthetic (LA) injection. The needle is represented using white arrow heads. Note the widening of the

paravertebral space and anterior displacement of the pleura after the LA injection at all three levels.

Abbreviations: IAP, inferior articular process; TPVS, thoracic paravertebral space; SCTL, superior costotransverse ligament.
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providing surgical anesthesia for PBCS. USG 6m-TPVB

was technically feasible but did not consistently provide

complete surgical anesthesia for PBCS. We believe this is

the first report to describe the use of an USG 6m-TPVB, in

conjunction with conscious sedation, for surgical anesthe-

sia during PBCS.

A transverse ultrasound scan through the thoracic inter-

transverse space and at the level of the IAP was used to

perform the paravertebral injections. The block needle was

inserted in-plane and from a lateral to medial direction. Other

researchers have also described USG TPVB, albeit in

cadavers,16 using a transverse scan at the level of the

IAP.11,16 However, the difference between our technique

and that described by others11,16 is that while others deliber-

ately contact the IAP and then maneuver the needle laterally

into the paravertebral space close to the intervertebral fora-

men (IVF),11,16 we directly place the needle tip at the apex of

the paravertebral space. This is done to avoid placing the

needle close to the IVF, since a “medial injection”17 may

predispose to neuraxial complications.18,19 Also since the

block needle is advanced tangential to the parietal pleura12

unintentional pleural puncture is unlikely.12 Currently there

are no published data on the safety and efficacy of an USG

TPVB using a transverse scan at the level of the IAP.11,16 Our

Figure 6 A sequence of transverse sonograms demonstrating ultrasound-guided 6m-TPVB at the T3–T1 vertebral levels (same patient as in Figure 5) using the transverse in-

plane technique at the level of the inferior articular process. At each vertebral level, T3 (A–C), T2 (D–F) and T1 (G–I). (A) represents the preview scan, (B) represents the
sonogram during the in-plane needle insertion; and (C) represents the sonogram after the local anaesthetic (LA) injection. The needle is represented using arrow heads.

Note the widening of the thoracic paravertebral space (TPVS) in the preview scan at the T1 level (G) consequent to the spread of LA from the contiguous space (T2). There

is also widening of the paravertebral space and anterior displacement of the pleura after the LA injection at all three levels.

Abbreviations: IAP, inferior articular process; SCTL, superior costotransverse ligament.

Table 1 Demographic Data

Demographic Data (n=25)

1. Age (years) 59.0±13.0

2. ASA (I/II/III) 10/11/4

3. Height (cm) 158.0±3.8

4. Weight (kg) 58.2±11.8

5. BMI (kg.m2) 23.3±4.8

Notes: Data are presented as mean ± SD for age, height, weight and BMI. ASA

status is presented as a frequency (n).

Abbreviations: ASA, American Society of Anesthesiologists; BMI, body mass

index.
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preliminary experience is encouraging but future research

should establish its safety and efficacy in a larger patient

population.

The USG 6m-TPVB was effective as the sole anesthetic

for the PBCS in only 20% of patients. In the remaining 80%

it provided incomplete anesthesia with patients reporting

pain or discomfort, 1) during separation of the breast (base)

from the fascia of the pectoralis major muscle; and/or 2)

washout of the surgical wound with warm normal saline.

There are no comparable data but our results contradict

previous reports of multilevel TPVB1,7 being successfully

used, in conjunction with intravenous sedation, as the sole

anesthetic technique for PBCS.1,7 The reason for this discre-

pancy is not clear but the success rate of a multilevel TPVB

for surgical anesthesia during PBCS varies from

80–100%.1,3,5,20,21 Some form of supplementation (LA infil-

tration, systemic opioids or ketamine) is required to complete

surgery in 10–27%1,5 and conversion to GA is required in

3–16%.1,3,5,21 Reasons for failure or need for supplementary

anesthesia or analgesia are poorly documented and often

attributed to technical difficulties,1,3 incomplete paraverteb-

ral block,2,3 or patient anxiety and restlessness.3 None of the

previous reports1,5 describe the pectoralis major muscle or its

fascia as a source of pain during surgery. All paravertebral

injections in this study were deemed to have been successful

since it was ultrasound guided and sonographic evidence of

pleural displacement12 and spread of the LAwithin the para-

vertebral space, was confirmed at every vertebral level (T1–

T6). Moreover, none of our patients reported pain during the

skin incision or axillary dissection. Therefore, we believe the

cause of pain during surgery was not due to a failure of the

6m-TPVB per se but due to afferent nociception from an area

of the breast, ie, the pectoralis major muscle and its fascia,

that is innervated by the medial and lateral pectoral nerves

and not affected by a 6m-TPVB. Our results support

Woodworth et al's22 assertion that breast surgery involving

the pectoral muscles, eg, MRM, requires more than just

a 6m-TPVB for surgical anesthesia or analgesia.22 Given

the above, why the 6m-TPVB was still effective as the sole

anesthetic in 20% of our patients is not clear, and probably

multifactorial, but extensive epidural spread in these cases

cannot be excluded.

The majority of patients experienced pain during

separation of the breast (base) from the pectoralis major

muscle and its fascia. This indicates that the pectoral

nerves are involved with afferent nociception during

PBCS. This is at odds with current understanding because

the pectoral nerves are often described as pure motor

nerves.22,23 This concept is questionable since the pectoral

nerves carry nociceptive,22,24 proprioceptive,22,24 and post-

ganglionic sympathetic22 nerve fibers. Currently there is

a paucity of data on the effectiveness of a pectoral nerve

block for anesthesia or analgesia during PBCS.25 Pawa

et al25 describe a combined single-injection TPVB and

PECS-2 block technique for breast surgery under sedation.

However, it is noteworthy that the majority of patients in

Pawa et al's25 series underwent relatively minor breast

surgery25 and a significant number of patients (11/16,

69%) still required supplementary fentanyl,25 one required

LA supplementation, and one conversion to GA.25

Therefore it is questionable if the combined single-

injection TPVB and PECS-2 block technique25 will con-

sistently provide surgical anesthesia for PBCS and future

research to confirm this is warranted. Also future research

should evaluate the role of a pectoral nerve block in

improving surgical anesthesia produced by a 6m-TPVB

for PBCS that involves pectoral dissection.

There were no major complications directly related to

the USG 6m-TPVB or LA injection. Hypotension devel-

oped in 32% of patients in this study, which is higher than

that previously reported (4%).26 We believe this is because

patients in our series were sedated, but extensive epidural

spread of the LA cannot be ruled out.

Table 2 Clinical Parameters and Outcomes

Parameters (n=25)

1. Type of breast surgery* (a/b/c) 3/6/16

2. Side of surgery (right/left) 12/13

3. Dose of midazolam before block placement (mg) 1.7±0.8

4. Dose of ketamine before block placement (mg) 16.9±7.5

5. Total duration of surgery (minutes) 99.7±28.7

6. Minimum dexmedetomidine infusion rate (µg/kg/h) 0.2 [0.1–0.3]

7. Maximum dexmedetomidine infusion rate (µg/kg/h) 0.33 [0.3–0.5]

8. Supplementary midazolam during surgery (yes/no) 12/25 (48%)

9. Dose of midazolam used during surgery (mg) 2.0 (0.9)

10. Ketamine for rescue analgesia (yes/no) 20/25 (80%)

11. Dose of ketamine used as rescue analgesia (mg) 38.0±20.5

12. Phenylephrine for hypotension (yes/no) 8/25 (32%)

13. Aldrete score on arrival to PACU 8.9±1.3

14. Aldrete score at discharge from PACU 9.7±0.5

15. NRS pain score on arrival to PACU 0 [0–0]

16. NRS pain score at discharge from PACU 0 [0–1]

Notes: Continuous data are presented as mean ± SD, except for the infusion rate

of dexmedetomidine and NRS (numeric rating score) pain score, which are pre-

sented as median [IQR]. Categorical data are described as a frequency, n (%). *Type
of surgery: a; Simple mastectomy with sentinel lymph node biopsy; b; simple

mastectomy with sentinel lymph node biopsy and axillary lymph node dissection;

c; modified radical mastectomy.

Abbreviation: PACU, post-anaesthetic care unit.
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Limitations
There are limitations in our study. It was non-randomized,

lacked a comparator group and patients were of low BMI.

We did not randomize our patients because this was the first

study to evaluate the feasibility and effectiveness of an USG

6m-TPVB for surgical anesthesia during PBCS. The BMI of

patients studied was low but is consistent with the typical

patient at the investigator’s institution. Therefore, our results

may not apply to the obese. We also did not perform any

formal sensory assessment after the 6m-TPVB because

patients were sedated and had received ketamine for analge-

sia during block placement. Instead, surrogate sonographic

and clinical signs (described above) were used to confirm

successful paravertebral injection and adequacy of the block

at the T1–T6 levels.

Conclusions
We have demonstrated that USG 6m-TPVB is technically

feasible but does not consistently provide complete surgi-

cal anesthesia for PBCS that involves surgical dissection

on the pectoralis major muscle and its fascia. The need for

supplementary analgesia during pectoral dissection indi-

cates that the pectoral nerves, which are not affected by

a 6m-TPVB, are involved with afferent nociception.

Future research to evaluate if a pectoral nerve block

improves the surgical anesthesia produced by a 6m-

TPVB is warranted.
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