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Abstract
Background: Anterior approaches for total hip arthroplasty (ATHA) are becoming
increasingly popular. We postulated that the use of PVB of the T12, L1, and L2 roots would provide
adequate analgesia for ATHA while allowing motor sparing.
Methods: The medical records of 20 patients undergoing primary ATHA were reviewed.
T12, L1 and L2 paravertebral blockade was accomplished with 3-4ml of 1% ropivacaine with
epinephrine 1:200,000 and 0.5mg/ml of preservative-free dexamethasone per level. Primary
outcomes were mean opioid consumption in intravenous morphine equivalents and worst recorded
visual analog scale (VAS) pain scores during postoperative days 0 to 2 (POD 0 to 2).
Results: Mean opioid consumption was 8.4mg on POD0, 16.6mg on POD1, and 9.8mg on
POD2. Median worst VAS scores were 2 for all time intervals except POD 0, which had a median
value of 0. All patients had full hip motor strength the evening of POD0. 19 patients were able to
ambulate the afternoon of POD1.
Conclusion: T12-L2 PVB, when utilized as part of a multimodal analgesic regimen, results
in moderate opioid consumption, low VAS scores, preservation of hip motor function, and may be
an effective regional anesthesia technique for ATHA.
Keywords: Paravertebral blockade1, anterior total hip arthroplasty, multimodal analgesia,
opioid consumption.

Introduction
Anterior approaches for total hip arthroplasty are becoming increasingly popular due to
advantages of less muscle trauma, resulting in enhanced convalescence1.
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Unfortunately, similar to posterior approaches,
anterior total hip arthroplasty (ATHA) is associated
with significant pain requiring moderate to large doses
of opioids with attendant side effects. Multimodal
analgesia including regional analgesic techniques such
as posterior lumbar plexus block (psoas compartment
block) have been utilized to treat the pain of total hip
arthroplasty with encouraging results2. However, the
motor weakness associated with psoas compartment
block may limit ambulation and decrease effective
physiotherapy, possibly increasing the risk of falls3. It
is felt by many surgeons that motor sparing analgesic
techniques would be of benefit to patients.
While opioids are commonly used for
postoperative analgesia in hip arthroplasty patients, the
use of these medications is associated with a significant
negative side effect profile that includes nausea and
vomiting, respiratory depression, prolonged recovery
room stay, increased healthcare burden, and decreased
patient satisfaction4. Consequently, the use of a
regional anesthetic technique as a part of a multimodal
analgesic plan aimed at reducing postoperative opioid
consumption would be advantageous.
The paravertebral block (PVB) is a block of
the mixed nerve soon after it exits the intervertebral
foramen5. It provides intense unilateral analgesia of
long duration and has become the primary anesthetic
for many applications6,7. We postulated that the use
of PVB of the T12, L1 and L2 roots would provide
adequate analgesia for ATHA while allowing motor
sparing. In this study we present our initial expanded
case series of 20 patients who received PVB for ATHA.

Methods
The Institutional Review Board (IRB) approved
this study. From June 2013 to February 2014, the
medical records of 20 patients undergoing primary
ATHA were reviewed. No patient had preoperative
motor deficit or opioid consumption requiring longacting opioids.
After a preoperative interview, informed consent
for both surgical anesthesia and peripheral nerve
blockade was obtained by an anesthesiologist. All
blocks were performed in the preoperative area in a
sterile fashion after placement of American Society of
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Anesthesiologists standard monitors and verification of
patient identity and laterality of the procedure. Sedation
was at the discretion of the attending anesthesiologist,
and included sedative doses of midazolam, fentanyl,
ketamine, and/or propofol.
For PVB placement, patients were positioned
in the sitting position. The T12, L1 and L2 spinous
processes were identified in the sitting position either
by counting from the L4 spinous process at the level
of iliac crest and/or from the T7 spinous process
at the level of lower border of the scapulae. Needle
entry points were marked 2.5 cm lateral to the spinous
process as described previously by Greengrass et
al5. After skin infiltration with 2% lidocaine with
epinephrine 1:200,000 at the marked sites, a sterile
22 G, 10 cm Tuohy needle (B Braun, Melsungen,
DE) was introduced perpendicular to the skin until
the transverse process was contacted. The needle was
then redirected in a caudad direction and advanced
1-1.5 cm. After negative aspiration, 3-4 ml of 1%
ropivacaine with epinephrine 1:200,000 and 0.5mg/ml
of preservative free dexamethasone were injected per
level. Injections were repeated at the other two levels.
Sensory deficit in the distribution of T12, L1 and L2
dermatomes were confirmed with ice testing prior to
surgical anesthesia. Absence of motor blockade upon
hip flexion, assessed with the modified Bromage scale,
was also confirmed preoperatively. The modified
Bromage scale is defined as follows: 1 = unable to
move foot or knee; 2 = able to move foot only; 3 =
just able to move knee; 4 = full flexion of knee; 5 = no
detectable weakness of hip flexion while supine. One
patient required an additional injection at all levels to
establish appropriate sensory deficit.
Surgical anesthesia was achieved with an
intrathecal injection of 12.5 to 13mg of preservativefree isobaric 0.5% bupivacaine. The same surgeon
performed all surgeries utilizing a modified SmithPeterson anterior approach. No patients had
intraoperative complications. At the discretion of the
surgeon, patients received an intra-articular injection
consisting of morphine 10mg, ketorolac 30mg, and
epinephrine 200mcg. Daily opioid and non-opioid
analgesic consumption, visual analog scale (VAS) pain
scores, and length-of-stay data were extracted from the
electronic medical record.
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Table 1
Patient characteristics
Pt ID

Age

ASA

Sex

Operative Side

Consistent Preoperative
opioid, if any

Day of Discharge

1

82

2

64

3

F

Right

No

POD 3

2

M

Right

No

POD 2

3

72

3

F

Right

No

POD 3

4

56

1

M

Right

No

POD 2

5

74

3

M

Left

No

POD 3

6

76

2

F

Left

No

POD 3

7

81

3

M

Left

No

POD 3

8

65

2

M

Left

Oxycodone

POD 3

9

72

2

M

Right

No

POD 2

10

71

2

M

Left

No

POD 3

11

69

2

M

Left

Oxycodone

POD 2

12

61

2

F

Right

No

POD 2

13

77

2

M

Left

No

POD 3

14

91

3

M

Right

No

POD 3

15

67

2

F

Left

No

POD 3

16

70

2

F

Right

No

POD 3

17

64

2

F

Right

Hydrocodone

POD 3

18

70

3

M

Right

No

POD 3

19

72

3

M

Left

No

POD 3

20

83

3

M

Left

No

POD 2

Postoperatively, patients received scheduled
intravenous acetaminophen every 6 hours for the first
24 hours, and thereafter on an as-needed basis. All
patients received oral celecoxib 200mg twice daily.

Primary Outcomes
Mean opioid consumption in intravenous morphine
equivalents during the time intervals of postoperative
day 0 (POD 0, defined as the period of time from surgical incision until 07:00 on postoperative day 1), postoperative day 1 (POD 1, defined as 07:00 until 07:00
on POD2), and postoperative day 2 (POD 2, defined as
.)07:00 on POD2 until 18:00
Worst recorded visual analog scale (VAS) pain scores,
rated from 0 - 10, during time intervals from POD 0
.to 2

Secondary Outcomes
Secondary outcomes included maximum opioid
consumption, non-opioid analgesic consumption,
ability to ambulate, and distance ambulated.

Results
Patient characteristics are shown in Table 1.
A total of 20 patients were included, all of whom
received a spinal anesthetic. Mean operative time
was 78 minutes. Three patients had documented
preoperative opioid consumption with short-acting
agents. However, none of these patients consumed
more than 30mg of oral morphine equivalents per day.
The remaining patients denied use of preoperative
opioids. No patients developed complications from
the paravertebral blocks while hospitalized. No falls
M.E.J. ANESTH 23 (1), 2015
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Table 2
Opioid consumption in IV morphine equivalents (mg)
Patient ID
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
Mean
Median

POD 0
4
10
10
15
0
5
12
10
9
0
10
10
5.3
3.3
20.3
10
21.7
16.7
0
0
8.4
9.5

POD 1
12
10
10
10
15
33.3
42.3
20
11.3
20
15
25
4
13.3
18.3
15
36.7
10
0
0
16.6
15

POD 2
9
5
5
10
0
30
15.6
15
5
15
10
10
13.3
7.5
5.3
10
30
0
0
0
9.8
9.5

Table 3
Visual analog pain scores
Patient ID

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
n/a: not recorded
secondary to lack of record
or patient discharge

Worst VAS
POD 0 to
19:00
0
0
5
0
0
0
2
0
0
0
5
4
0
6
4
2.5
6
0
0
0

Worst VAS
POD 0-1
overnight
0
4
2
8
1
7
2
4
0
3
5
2
2
5
2
2
4
6
0
0

Worst VAS
POD 1 AM

Worst VAS
POD 1 PM

0
2
0
3
0
3
2
1
0
3
2
3
2
3
2
0
6
2
0
0

0
2
0
3
n/a
1
0
2
0
2
2
3
0
3
3
2
4
0
0
0

Worst VAS
POD 1-2
overnight
0
4
0
3
3
5
7
2
0
2
2
1
0
3
3
0
5
4
0
1

Worst VAS
POD 2 AM

Worst VAS
POD 2 PM

2
2
2
2
0.5
0
0
2
0
2
5
1
0
0
2
0
4
2
1
2

2
n/a
3
n/a
1
4
4
0
2
2
4
n/a
n/a
0
3
1.5
3
2
0
n/a
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occurred during hospitalization. Six patients were
discharged on POD 2.
Opioid consumption in IV morphine equivalents
by patient is shown in Table 2. Mean opioid consumption
was 8.4mg on POD0, 16.6mg on POD1, and 9.8mg on
POD2. Median opioid consumption was 9.5mg, 15mg,
and 9.5mg for POD0, POD1, and POD2, respectively.
Maximum opioid consumption was 21.7mg on POD0,
42.3mg on POD1, and 30mg on POD2. The three
patients with documented preoperative opioid use had
postoperative opioid consumption greater than the
median on POD 0, 1 and 2.
Worst VAS scores recorded for each patient are
shown in Table 3; values ranged from 0 to 8. Median
worst VAS scores, shown in Table 4, were 2 for all
time intervals except POD0, which had a median value
of 0.
Table 4
Median worst visual analog pain scores (minimum, maximum)
POD0 to 19:00

0 (0,6)

POD 0-1 overnight

2 (0,8)

POD1 AM

2 (0,6)

POD1 PM

2 (0,4)

POD 1-2 overnight

2 (0,7)

POD2 AM

2 (0,5)

POD2 PM

2 (0,4)

Regarding non-opioid analgesics, median
acetaminophen and celecoxib doses are shown in Table
5. Median acetaminophen dose was highest on POD 0
(4000mg), while median celecoxib dose was higher on
POD1 and POD2 (400mg).
Table 5
Median acetaminophen and celecoxib consumption among
patients (mg)
Acetaminophen Consumption
POD 0

4000

POD 1

2650

POD 2

1000

Celecoxib Consumption
POD 0

200

POD 1

400

POD 2

400
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All patients had modified Bromage scores of 5
the evening of POD 0; 2 patients were able to ambulate
at that time. On the morning of POD 1, 15 patients
were able to ambulate, while 19 were able to do so by
that afternoon (Table 6). Median distances ambulated
on the morning and afternoon of POD1 were 30 feet
and 80 feet, respectively.
Table 6
Ambulation among study patients, with distance ambulated in
feet [median (range)]
# of patients ambulated POD0

2

# of patients ambulated POD1 AM

15

# of patients ambulated POD1 PM

19

Distance ambulated POD1 AM

30 (1, 500)

Distance ambulated POD1 PM

80 (5, 980)

Discussion
Although the concept of the paravertebral
block (PVB) originated in the early 20th century, its
popularity has waxed and waned. Recently, a renewed
interest in the technique has developed, as it has been
found to be an effective analgesic technique that
minimizes hemodynamic compromise8,9. The injection
of local anesthetic in the paravertebral space blocks
conduction in the dorsal and ventral rami of the exiting
spinal nerve root. Paravertebral blockade also inhibits
conduction through the sympathetic chain, resulting
in only a unilateral sympathectomy. At the levels of
thoracic vertebrae, the paravertebral space is a wedge
shaped space defined anterolaterally by the parietal
pleura, posteriorly by the superior costotransverse
ligament, and medially by the vertebral, vertebral
disk, and intervertebral foramina. The superior and
inferior borders are provided by the heads of the ribs.
In the lumbar vertebrae, the inter-transverse ligament
provides the posterior border of the paravertebral space.
As explained by Greengrass et al, the paravertebral
space provides an area where exiting spinal nerves are
not tightly enveloped by fascia, possibly facilitating
nerve blockade5.
Paravertebral blockade is commonly used
for breast surgery, video-assisted thoracic surgery,
minimally invasive cardiac surgery, herniorrhaphy, and
hand-assisted laparoscopic nephrectomy7,8,9. To our
M.E.J. ANESTH 23 (1), 2015
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knowledge, use of this analgesic technique in anteriorapproach hip arthroplasty has not been described
in the literature. While the use of PVB was reported
by Bogoch and colleagues in 2002 for postoperative
analgesia following total hip and knee arthroplasty,
the technique described suggests a psoas compartment
blockade, not a true paravertebral block, as the initial
needle approach was made 4cm lateral to the spinous
process rather than 2.5cm10. Lee et al reported excellent
analgesia in two patients who patients received L1/
L2 paravertebral blocks along with local anesthetic
infiltration of the joint for hip arthroscopy11. Wardhan
and colleagues described continuous L2 paravertebral
blockade to be slightly inferior to a lumbar plexus
catheter when comparing opioid consumption in
posterior approach total hip arthroplasty patients, with
no motor strength advantage12. However, patients in
that study received 15ml of local anesthetic during
placement of the paravertebral catheter. Injection of a
large amount of local anesthetic in the paravertebral
space may result in epidural and/or unpredictable
spread5,13,14. In one radiographic study, 25% of patients
who received 20ml injectate at a single paravertebral
level had epidural spread evident on MRI13. Thus,
observed weakness in PVB patients after a large
volume injection could be secondary to neuraxial or
extensive paravertebral spread of local anesthetics.
In our current study, we have limited the injectate
to a maximum of 4ml per level, which we believe
minimizes the risk of these complications. In our case
series, no patient had a modified Bromage score less
than 5 the evening of POD 0. Additionally, no patient
was noted by physical therapy as having significant
ipsilateral lower extremity weakness that prevented
full participation in physical activity.
Studies addressing opioid consumption among
patients who undergo anterior approach total hip
arthroplasty are limited. In a prospective study by
Barrett et al, ATHA patients consumed a mean of
32.2mg, 50.7mg, and 33.7mg IV morphine equivalents
on POD 0, 1 and 2, respectively15. Another study by
Restrepo describes POD0, POD1, and POD2 mean
intravenous morphine consumption as 11.2mg,
13.9mg, and 6.82mg, respectively. However, patients
in this study received intrathecal morphine as part of
their analgesic plan, thus our results are not directly
comparable1. Additionally, the risk of postoperative
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respiratory depression after an intrathecal opioid
injection is unnecessary when non-opioid modalities
are available. Bogoch et al’s study which used a
single-injection lumbar plexus block showed an opioid
consumption of 18.7mg of morphine equivalents in the
first 8 hours after surgery, which is significantly higher
than our results10. Some studies contend that there is
little difference in opioid consumption or pain scores
when comparing an anterior approach hip arthroplasty
to a classic posterior approach. Rodriguez et al found
no difference in either metric when comparing the
two surgical methods16. Even with a lumbar plexus
catheter in place, opioid consumption may be high in
the classic posterior approach. For example, Wilson
et al documented a mean opioid consumption of
54.67mg of IV morphine equivalents in the first 24
hours after THA, even with a properly functioning
lumbar plexus catheter17. If indeed little difference in
opioid consumption exists between the two surgical
techniques, our results suggest that multimodal
analgesia including a PVB at T12-L2 may decrease
opioid consumption significantly in ATHA patients.
During the time intervals studied, all median
VAS scores were 2 or less. Reports of perioperative
VAS scores for the ATHA patient population are
limited. One study described mean POD 0, 1, and 2
VAS scores to be (4.2 ± 1.4), (4.0 ± 1.0) and (3.8 ±
1.1), respectively15. The low median VAS scores in our
study, combined with moderate opioid consumption,
are thus encouraging.
The potential efficacy of paravertebral blockade
in this study may be explained on anatomic grounds.
First, the cutaneous analgesia provided by paravertebral
blocks at T12, L1 and L2 is suited for coverage of the
surgical incision. Second, as described by Wetheimer
in 1952, the peripheral nerve innervation of the hip
joint is provided by the obturator nerve, femoral nerve,
and branches of the sacral plexus18. The spinal nerves at
the levels of T12, L1 and L2 provide sensory fibers to
the iliohypogastric, ilioinguinal, genitofemoral, lateral
femoral cutaneous, femoral and obturator nerves.
Thus, a significant proportion of the sensory fibers
to the hip joint are affected by T12-L2 paravertebral
blockade. Lastly, the bony innervation of the hip
joint may indeed be affected by this paravertebral
approach. Although osteotomal anatomy of the hip
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joint is much less well defined, Brown and colleagues
describe L2 as providing innervation to the medial
midshaft femur, iliac crest, and anterior superior iliac
spine; L3 provides innervation to the femoral neck and
acetabulum19. In our study we did not conduct an L3
block so as to decrease the total anesthetic dose and
minimize the risk of motor block. Based on our results,
separate blockade of L3 may indeed not be required for
adequate analgesia after ATHA. Femoral nerve fibers
arise from L2, L3, and L4 nerve roots. Blockade with
moderate volume only at L2, while giving sensory
block in that dermatomal distribution and having
limited caudal spread, may allow full motor function
of the femoral nerve. We recognize, however, that until
further studies delineating osteotomal hip innervation
are conducted, the exact contribution of PVB analgesia
to the hip joint may not be well defined.
The patients in this case series received both
acetaminophen and celecoxib as part of a multimodal
approach to postoperative analgesia. Acetaminophen
use was highest on POD0-1, which may have
contributed to the low opioid consumption and very
low median worst VAS of zero. Likewise, twice-daily
celecoxib administration may also have contributed
to decreasing the total opioid consumption among
these patients. While the exact contribution of
acetaminophen and celecoxib in reducing opioid
requirements in these anterior hip arthroplasty patients
is not known, previous studies in total knee and
posterior-lateral approach hip arthroplasty suggest that
multimodal analgesia reduces opioid burden20,21. The
low overall pain scores and opioid consumption in this
case series certainly suggest that the use of multimodal
analgesia may contribute to the analgesic efficacy of
paravertebral blockade.
All but two of the study patients were able to
participate in physical therapy to some degree by the
evening of their surgical day. The two patients who
did not were limited by a late discharge from the
recovery room, as they were both mid-afternoon cases.
By the morning of POD1, 15 of the 20 patients were
able to ambulate. Median distance ambulated during
the morning physical therapy session was 30 feet. By
the afternoon of postoperative day 1, 19 patients were
ambulating, with a median distance of 80 feet. These
results, when considered in the context of low median
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VAS scores on POD1, suggest that paravertebral
blockade may provide significant analgesia to facilitate
ambulation during the first 24 hours after surgery.
As mentioned previously, 13 patients received
intraarticular morphine, ketorolac and epinephrine.
The evidence supporting the use of these medications
within the articular space without local anesthetic,
however, is not robust. While some studies do suggest
that the use of intraarticular local anesthetic may
enhance postoperative analgesia22,23,24, the analgesic
properties of intra-articular morphine or epinephrine
without local anesthetic are yet to be supported
by data. To our knowledge, there are no studies
regarding the analgesic properties of sole epinephrine
when injected into an articulation. Regarding opioids,
one murine-model study suggests that subcutaneous
administration of morphine may have some analgesic
properties at the site of injection, but these effects
have not been validated in the intra-articular space
in humans25. Another study in patients undergoing
knee surgery showed no difference in postoperative
opioid consumption when morphine is added to intraarticular bupivacaine in the presence of a femoral
nerve block26. The efficacy of ketorolac when injected
into a joint without local anesthetic has also not been
studied extensively. One small study by Vintar et
al studied the impact of 10mg ketorolac on an ondemand intraarticular bolus of 25mg ropivacaine
and 2mg morphine available every 60 minutes.
Patients who received intraarticular ketorolac had
decreased opioid use 24 hours postoperatively27.
However, another study showed that patients who
only received intraarticular ketorolac had higher
pain scores and shorter time to first analgesic request
compared to patients who only received intraarticular
bupivacaine28. In our study, when patients who did
not receive this intra-articular injection are analyzed
separately, mean and median opioid consumption are
similar to those of the overall cohort (Table 7). Thus,
given these results and the paucity of evidence for
the efficacy of this intra-articular mixture, we do not
believe this modality affected our primary outcome.
However, as shown in Table 8, median worst VAS
scores did seem to be slightly higher in those patients.
Thus, we realize that the theoretical possibility
of a combined analgesic effect cannot entirely be
discounted.
M.E.J. ANESTH 23 (1), 2015
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Table 7
Mean and median opioid consumption in mg IV morphine
equivalents, patients who did not receive intra-articular
injection
Mean

Median

POD 0

8.96

10

POD 1

12.43

10

POD 2

7.04

5

Table 8
Median visual analog pain scores (minimum, maximum),
patients who did not receive intra-articular injection
POD0 to 19:00

0 (0,5)

POD 0-1 overnight

5 (0,9)

POD1 AM

0 (0,3)

POD1 PM

2 (0,6)

POD 1-2 overnight

4 (0,6)

POD2 AM

5 (0,8)

POD2 PM

6 (0,7)

The limitations in our case series include the
retrospective nature of the study, the small number of
patients, and the lack of randomization. Additionally,
the VAS scores were recorded by ward nursing staff

per regular protocol, without mention of activity status
during the patient’s self-assessment of pain. However,
since we have collected the worst recorded VAS
rather than the entire range of pain scores, we hope to
capture as many VAS scores associated with activity
as possible. We also recognize that while appropriate
sensory deficit was confirmed preoperatively, the
duration of this sensory deficit was not documented.
Thus, we can only speculate on the exact duration
of the paravertebral block. Given the steady level of
opioid requirements throughout postoperative day 2,
though, we suspect that the analgesia associated with
nerve blockade continued to some degree during this
time period.

Conclusion
T12 through L2 paravertebral blockade, when
utilized as part of a multimodal pain management plan,
results in low VAS scores, preservation of hip motor
function, moderate opioid consumption, and may be
an effective analgesic modality for patients undergoing
anterior approach total hip arthroplasty. The outcomes
of our retrospective case series are encouraging.
Prospective studies are warranted.
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