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Background and objectives: Patients undergoing abdominal surgery often receive an epidural
infusion for postoperative analgesia. However, when epidural analgesia is contraindicated
or unwanted, the administration of opioids is the usual means used to relieve pain. Various
regional analgesia techniques used in conjunction with systemic analgesia have been reported
to reduce the cumulative postoperative opioid consumption and opioid-induced side effects.
The objective of this trial was to assess the effectiveness of transversus abdominis plane block
and paravertebral block in women undergoing major gynecological surgery.

Methods: We analyzed 58 patients scheduled for a midline vertical laparatomy due to
gynecological cancer. They were all equipped with a patient-controlled postoperative analgesia
pump that delivered ketobemidon. In addition, some patients were randomized to receive either
a bilateral transversus abdominis plane block (n = 19) or a bilateral paravertebral block at the
level of Th10 (n = 19). Both blocks were performed preoperatively as a single injection of
bupivacaine.

Results: Cumulative ketobemidon consumption, postoperative pain scores at rest and while
coughing, and postoperative nausea and vomiting scores were assessed by a blinded observer at
2,4, 6,24, and 48 hours postoperatively. Both blocks were associated with significant reductions
in opioid consumption and pain scores throughout the study period compared with the control
patients. Postoperative nausea and vomiting scores were low in all groups, but during the early
postoperative period more control group patients needed antiemetics.

Conclusion: Both methods of inducing block can serve as effective analgesia adjuncts in women
undergoing major gynecological surgery. Although thoracic paravertebral block appeared to be
more effective than transversus abdomins block, the latter performed under ultrasound guidance
seems to be a more controlled and safe alternative.

Keywords: hysterectomy, transversus abdominis plane block, paravertebral block,
postoperative pain

Introduction

In many patients undergoing abdominal surgery, epidural analgesia remains the
standard for provision of postoperative analgesia. However, there are a number of
clinical situations where epidural analgesia is contraindicated, is refused, or fails.
Moreover, many operations do not necessitate the postoperative use of continuous
epidural analgesia, and pain relief in these patients may be successfully achieved
using other methods.
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In many Norwegian hospitals, hysterectomies are
performed under general anesthesia without the use of
epidural blockade. Postoperative analgesia in these patients
is often provided using patient-controlled analgesia (PCA)
with morphine or other opioids. Additionally, these women
receive paracetamol on a regular basis, and occasionally
nonsteroidal anti-inflammatory drugs. In our institution (the
Norwegian Radium Hospital — Oslo University Hospital,
Oslo, Norway), we perform about 400 hysterectomies a
year due to gynecological cancer. The vast majority of these
operations include not only the removal of the uterus but
also bilateral salpingo-oophorectomy and omentectomy, and
some of these patients may also require pelvic and/or para-
aortal lymph node dissection. Postoperatively, many of these
patients do not receive epidural analgesia, but a standardized
analgesic regimen consisting of regular intravenous (IV)/
oral paracetamol 1 g every 6 hours combined with PCA
ketobemidon (bolus 1 mg, lockout 7 minutes, 1 hour
maximum dose 8 mg). Ketorolac IV injections 10-30 mg are
used in some patients who require additional analgesia.

The transversus abdominis plane (TAP) block is a
novel method of regional anesthesia that provides unilateral
anesthesia to the anteriolateral abdominal wall. A bilateral
technique has also been used in various clinical situations.!
Recent studies have demonstrated that bilateral TAP block in
combination with general anesthesia provides sufficient and
long-lasting postoperative pain relief after abdominal surgery,
thus significantly reducing the requirements for opioids,
and presumably opioid-induced side effects.!' In patients
undergoing hysterectomy, Carney et al* have demonstrated
that bilateral TAP block with ropivacaine in combination with
general anesthesia provides effective postoperative analgesia
and significantly reduces postoperative cumulative morphine
consumption postoperatively for up to 48 hours. There were
no complications attributable to the TAP block. All TAP
patients reported high levels of satisfaction.

Similarly, thoracic paravertebral block (PVB) has been
demonstrated to provide effective postoperative analgesia
in patients undergoing minor and major abdominal surgery
by blocking sensory innervation of the abdominal wall.
PVB significantly reduces the need for supplemental opioid
administration, reduces postoperative nausea and vomiting
(PONV), and in some patient groups shortens hospital stay.>”
Although PVB has been demonstrated to be effective in
patients undergoing abdominal and thoracic surgery,’'° its
analgesic efficacy after major gynecological surgery has not,
as yet, been reported.

Therefore, the objective of the present study was to
evaluate the analgesic properties of bilateral thoracic PVB
in patients undergoing hysterectomy and to compare its
effectiveness with that of bilateral TAP block. We also
hypothesize that due to extensive surgery performed via
a midline vertical incision, and, as a result, increased
stimulation of the pelvic and abdominal visceral sites, our
patients experience more pain postoperatively than those who
undergo a conventional hysterectomy with a Pfannenstiel
incision. As such, the second intention of the present
study was to investigate whether a bilateral TAP block in
combination with general anesthesia would be as effective
in this setting as it was in the study of Carney et al.*

Methods

The study protocol was approved by the Regional Ethics
Committee.

Between March and November 2010, 60 patients scheduled
for elective abdominal hysterectomy at the Norwegian
Radium Hospital (Oslo University Hospital) with bilateral
salpingo-oophorectomy were recruited, and a written consent
was obtained from each. Patients with a history of allergic
reaction to local anesthetics and on chronic pain medications
(both opioids and nonopioids) were not included.

After having signed the consent letter, each patient was
immediately allocated to a study group by using the method
of random numbers. These numbers were generated by a
computer program (http://www.randomizer.org), and three
treatment groups were created. Two first authors enrolled
the participants and performed all the blocks.

Two patient groups received cither a bilateral PVB
(n =19) or a TAP block (n = 19), while a third group of
20 served as a control. Patients in this group received saline
injections paravertebrally (n = 10) or in the TAP (n = 10).
The volume of saline delivered to each group was identical
to that suggested for each individual block.

TAP blocks were placed under dynamic ultrasound
guidance (S-Nerve, SonoSite Inc, Bothell, WA) after the
induction of general anesthesia. Following skin preparation,
a linear probe was placed in an axial plane between the
costal margin and the iliac crest. After identifying the three
muscular layers of the abdominal wall, the tip of the 18 G
Tuohy needle was inserted between the internal oblique
and the TAP muscles using the in-plane technique. Patients
received 0.375 mL/kg/side of 0.25% bupivacaine with
epinephrine 5 ng/mL, yielding a final dose of bupivacaine
of 1.875 mg/kg.
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The PVB was performed prior to induction of general
anesthesia. Single injections were placed at the level of
T10. The patient was placed in the sitting position, and
the spinal process of the T10 was palpated. Then, with the
use of the ultrasound scanner (S-Nerve, SonoSite Inc),
the corresponding transverse process was visualized, and the
skin-transverse process distances were measured on both
sides. After infiltration of skin and subcutaneous tissue with
1% lidocaine with epinephrine 5 pg/mL, an 18-G Tuohy
needle was inserted perpendicular to the skin, approximately
2.5 cm from the midline, until contact with the transverse
process was established. The needle was then slightly
withdrawn and reinserted 1-1.5 cm deeper either caudally or
cranially for the transverse process. After careful aspiration,
patients received a slow injection of 0.25 mL/kg/side of
0.375% bupivacaine with epinephrine 5 ng/mL, yielding
the same dose of bupivacaine of 1.875 mg/mL.

All study patients received standard pre- and intraoperative
monitoring. All patients received standard premedication
with oral oxazepam. General anesthesia was induced with
fentanyl (2-4 pg/kg) and thiopental (3—5 mg/kg), and
tracheal intubation was facilitated with cis-atracurium
(0.15-0.2 mg/kg). All patients were artificially ventilated, and
maintenance of anesthesia was achieved by the inhalation of
sevoflurane/air/O, mixture and incremental doses of fentanyl
(50-100 pg). The end-tidal concentration of sevoflurane
was adjusted to 0.8—1.0 minimal alveolar concentration.
Incremental bolus doses of ephedrine were used to control
hypotension. No prophylactic antiemetics were given.

After the surgery and extubation, the patients were
transferred to the recovery room, and a standardized analgesic
regimen consisting of regular IV/oral paracetamol 1 g every
6 hours combined with PCA ketobemidon (bolus 1 mg,
lockout 7 minutes, 1 hour maximum dose 8 mg) was initiated.
Patients requiring additional analgesia received IV injections
of ketorolac (15-30 mg). The severity of pain and cumulative
ketobemidon consumption was assessed by an independent
investigator blinded for the study protocol. Pain intensity was
assessed using a numeric rating scale (NRS) (0 = no pain,
10 = worst imaginable pain). All patients were assessed at rest
and on coughing. PONV were assessed using a categorical
scoring system (0 =none, 1 =mild, 2 =moderate, 3 =severe),
and antiemetics were offered to all patients complaining of
PONV. These assessments were performed at 2, 4, 6, 24,
and 48 hours after completion of surgery. Additionally,
48 hours following surgery, patients were asked to report
their satisfaction with the postoperative analgesia regimen

using a categorical scoring system (1 = satisfied, 2 = cannot
answer, 3 = dissatisfied).

The primary endpoint of our study was cumulative
ketobemidone consumption 24 hours after the surgery. We
estimated our sample size on the basis of the results of a
similar study performed by McDonnell et al.? In this study,
the authors compared the efficacy of TAP block with placebo
in patients undergoing abdominal surgery via a midline
incision. Based on their pilot data, they calculated that a
clinically important reduction in postoperative morphine
consumption would require only 14 patients in each group,
projecting a 24-hour morphine requirement of 60 mg
with a standard deviation of + 10 mg, using o = 0.05 and
B =0.2. They confirmed this hypothesis, demonstrating that
16 patients were sufficient to demonstrate a 70% reduction
in morphine consumption 24 hours following surgery. At the
moment, there is no information about the analgesic efficacy
of thoracic PVB in gynecological surgery. We, however,
hypothesized that PVB would be at least as efficient as TAP
in providing postoperative analgesic relief. To minimize any
effect of data loss we determined to include 20 patients in
every study group. The secondary endpoint of the study was
pain intensity 48 hours after the surgery.

Calculation and statistics
Values throughout this report are indicated as mean + standard
deviation. Statistical analyses were performed using a
standard statistical program (SPSS PASW Statistics 18;
IBM Corporation, Armonk, NY). Demographic data were
analyzed using Kruskal-Wallis and Mann—Whitney tests.
The group and time variables were defined as the
between-subjects and within-subjects factors. Repeated
measures analysis of variance using a mixed model approach
and assuming compound symmetry structure for the variance-
covariance matrix were used to test for difference between
the three groups (pain scores and ketobemidon consumption),
and the pairwise comparisons for each time point were
performed with the Bonferroni correction. The goodness
of fit was examined by plotting a histogram of residuals for
overall and for each time point. In all cases, a P-value of 0.05
or less was considered statistically significant.

Results

Demographic data are presented in Table 1. There were
no statistically significant differences between the groups
in terms of age, height, weight, duration of surgery, and
intraoperative use of ephedrine. Total fentanyl dose was,
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Table | The perioperative data®

PVB and PCA TAP and PCA Control (PCA)
(n=19) (n=19) (n=20)
Age (years) 60.4£9.6 60.4+98 599+ 108
Height (cm) 1644+ 55 1657 £7.5 166.1 +5.3
Weight (kg) 68.1 £13.4 702 +12.9 738+ 16.1
ASA (I/1/11) (n) 3/15/1 2/16/1 3/15/2
Duration of surgery (min) 143 £ 50 151 £49.2 134 £ 46.3
Type of surgery
Hysterectomy and bilateral salpingo-oophorectomy alone or with 4 6 7
O/LND/O + LND (n) 0/4/11 2/6/5 2/6/5
Total fentanyl dose (ug) 344 +97.3° 4151119 425 +81.9
Total ephedrine dose (mg) 76+77 5+£69 45+56

Notes: *Values are presented as numbers and mean + standard deviation; *intraoperative fentanyl dose was significantly lower in the PVB group compared with both the

TAP group and the control group (P < 0.05).

Abbreviations: ASA, American Society of Anesthesiologists; LND, lymph node dissection; O, omentectomy; PCA, patient-controlled analgesia; PVB, paravertebral block;

TAP, transversus abdominis plane.

however, significantly lower in the PVB group compared with
both the control and the TAP block groups.

Two of 60 recruited patients were later excluded from
the study protocol for the following reasons. In one patient
assigned to the TAP block group, the procedure was impos-
sible to perform due to the patient being grossly obese. The
second patient assigned to the PVB group was excluded
because of poorly controlled hypothyroidism and analgesic
protocol violations (see Figure 1).

TAP block patients required significantly less ketobe-
midon at 6 hours postoperatively compared with the control
group. During the late postoperative period (at 24 hours
and 48 hours), cumulative ketobemidon consumption
was significantly reduced in both block groups compared
with in the control group (Figure 2). Ketobemidon con-
sumption at these time intervals was significantly lower
in the PVB group compared with in the TAP block group
(Figure 2).

n=

Patients enrolled

60

n=

Patients randomized

60

Control (PCA) TAP block + PCA PVB + PCA
n=20 n=20 n=20
1 dropout 1 dropout

Completed the study
n=20 n=

Completed the study

Completed the study
19 n=19

Figure | Patient flow diagram throughout the study.

Abbreviations: PCA, patient-controlled analgesia; PVB, paravertebral block; TAP, transversus abdominis plane.
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Figure 2 Mean postoperative cumulative ketobemidon consumption.

Notes: *Significant difference between the treated group and the control group (P < 0.05); "significant difference between the PVB group and the TAP block group

(P < 0.05).
Abbreviations: PVB, paravertebral block; TAP, transversus abdominis plane.

Both PVB and transversus abdomins block significantly
reduced pain scores at all time intervals, except in the
TAP block group 48 hours following surgery (Figure 3).
Postoperative pain intensity on coughing was also
significantly reduced by both forms of block compared with
placebo, while PVB was significantly more effective than the
TAP block at 2 hours (Figure 4). One patient in the control
group received a rescue injection of ketorolac (30 mg IV)
during her stay in the recovery room.

PONYV scores were low in all groups, but during the
early postoperative period (6 hours) more control group

patients needed antiemetics compared with the treatment
groups (Table 2).

Both methods of block provided a sufficient degree of patient
satisfaction, while only 50% of patients in the control group
indicated that they were satisfied with the postoperative level
of analgesia (Table 3). Neither complications nor unintended
effects were registered throughout the course of the study.

Discussion
Our study demonstrates the analgesic effectiveness of both
PVB and TAP block after major gynecological cancer surgery.

Pain intensity (NRS)

EPBV 0O TAP block O Control

7 4
6 - *
5_ *

4 4

§ LT

*

04

6 24 48

Time after surgery (hours)

Figure 3 Mean postoperative NRS scores at rest.

Note: *Significant difference between the treated group and the control group (P < 0.05).
Abbreviations: NRS, numeric rating scale; PVB, paravertebral block; TAP, transversus abdominis plane.
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Pain intensity (NRS) on coughing
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Figure 4 Mean postoperative NRS scores on coughing.

Notes: *Significant difference between the treated group and the control group (P < 0.05); “significant difference between the PVB group and the TAP block group

(P < 0.05).

Abbreviations: NRS, numeric rating scale; PVB, paravertebral block; TAP, transversus abdominis plane.

Both regional anesthetic techniques demonstrated significant
reductions in both opioid requirements and pain scores during
early and late postoperative periods. Our results support
previous findings that TAP block performed preoperatively
provides sufficient and long-lasting analgesia.>*!! They also
specifically support the results reported in Carney et al’s
study, that TAP block has been demonstrated to be effective
in patients undergoing abdominal hysterectomy. Moreover,
our findings demonstrate the postoperative analgesic effi-
cacy of TAP block in women undergoing hysterectomy via
a midline abdominal incision. PONV scores were low in
all groups, but during the early postoperative period more
control group patients needed antiemetics. This observation
may be explained by differences in intraoperative fentanyl
dose between the study groups.

Previously, PVB has been demonstrated to be effective in
breast, hernia, and thoracic surgery;>'*'> however, evidence
of'its effectiveness in gynecological surgery has been limited

Table 2 Use of antiemetics during early (6 hour) postoperative
period

PVB TAP block Control
n=19 n=19 n=20

| med 2 3 2

2 meds 2 5 7

3 meds

4 meds |

Total 4 patients 8 patients 10 patients

to only one study from 1955." Thus, our findings appear to
be the first to systematically demonstrate the efficacy of this
form of block in major gynecological surgery.

Local anesthetics injected paravertebrally exhibit their
effects by blocking spinal nerves either in the paravertebral
space or due to intercostal and/or epidural spread. The degree
of epidural spread after thoracic paravertebral injections is
highly variable; up to 70% of injectate is reported to reach
the epidural space in patients (40% in cadavers).'*!> As such,
thoracic PVB may be considered as a paraneuroaxial block,
and one might expect the development of significant arte-
rial hypotension. Therefore, in our study we did not use the
concentrated solutions for PVBs and performed the injections
slowly, because high-pressure injections have been demon-
strated to increase the propensity toward unwanted epidural
spread.'® All our patients remained hemodynamically stable
during the perioperative period, and the mean intraoperative
dose of ephedrine used to control the hypotension did not
statistically differ between the PVB and the control group
(7.6 £ 1.8 mg vs 4.5 = 1.3 mg). Nevertheless, the potential

Table 3 Satisfaction with the postoperative analgesia regimen

PVB TAP block Control

n=19 n=19 n=20
Satisfied (n) 16 15 10
Cannot answer (n) 3 3 7
Dissatisfied (n) | 3

Abbreviations: PVB, paravertebral block; TAP, transversus abdominis plane.

Abbreviations: PVB, paravertebral block; TAP, transversus abdominis plane.
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limitation of our study is its limited size, which does permit
assessment of the safety of bilateral PVB.

Another limitation of this study is that we did not assess
the success rate of each form of block. Thus, it is possible
that some patients in the study groups had unilateral, patchy,
or even failed blocks. As such, in the ideal situation where a
100% success rate was achieved, the results of the study might
have been somewhat different. It, however, would only have
increased the effectiveness of the blocks. While designing the
protocol we intended to study both the height and the suc-
cess rate of the blocks. However, our recovery personnel who
were supposed to blindly register these data did not entirely
understand their task and failed to collect the data correctly.
This mistake was discovered only after the completion of the
study when we had already engaged in data analysis.

The third study limitation is the fact that the sensory block
of the skin would perhaps reduce the blinding of the patients
during the postoperative period, although we truly believe
that they were sufficiently blinded to the study protocol.

We conclude that both TAP block and PVB may be
used as effective analgesia adjuncts in women undergoing
major gynecological surgery where epidural analgesia is not
indicated or desired. Both forms of block provided additional
analgesia and reduced the amount of systemic opioids
administered and opioid-induced side effects, and each
might be expected to facilitate postoperative recovery. The
fact that only 50% of patients in the PCA group in our study
were satisfied with the level of postoperative analgesia can
also be viewed as an argument in favor of the inclusion of a
regional block into a multimodal analgesia regimen. Although
in our study thoracic PVB appeared to be more effective
than transversus abdominis block, the latter performed under
ultrasound guidance seems to be more controlled and a safe
alternative.
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