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Abstract
Thoracic paravertebral blocks (TPVBs) have an extensive evidence base as part of a multimodal analgesic strategy for thoracic
and breast surgery and have gained popularity with the advent of ultrasound guidance. However, this role is poorly defined in
the context of abdominal surgery. We performed a systematic review of randomized controlled trials, to clarify the impact
of TPVB on perioperative analgesic outcomes in adult abdominal surgery. We identified 20 published trials involving a total of
1044 patients that met inclusion criteria; however there was significant heterogeneity in terms of type of surgery, TPVB
technique, comparator groups and study quality. Pain scores and opioid requirements in the early postoperative period were
generally improvedwhen compared with systemic analgesia, but therewas insufficient evidence for any definitive conclusions
regarding comparison with epidural analgesia or other peripheral block techniques, or the benefit of continuous TPVB
techniques. The reported primary block failure rate was 2.8% and the incidence of complications was 1.2% (6/504); there were
no instances of pneumothorax. TPVB therefore appears to be a promising analgesic technique for abdominal surgery in terms
of efficacy and safety. But further well-designed and adequately powered studies are needed to confirm its utility, particularly
with respect to other regional anaesthesia techniques.
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There has been a resurgence of interest in thoracic paravertebral
block (TPVB) in recent years, particularly with the introduction of
ultrasound-guided techniques which have made it more access-
ible to the wider anaesthesia community.1 There are a multitude
of applications for TPVB in anaesthetic practice, including acute
pain,2 chronic pain,3–5 surgical anaesthesia6–10 and perioperative
analgesia in both breast11 and thoracic surgery.12

Although most work on TPVB has focused on its application
to breast and thoracic surgery, it is a potentially useful tech-
nique in abdominal surgery as well. The abdominal wall is
innervated by the lower thoracoabdominal nerves (T6-T12)
and anaesthesia or analgesia can be provided by TPVB performed
at these levels. There is however relatively little evidence for TPVB
in this setting. A recent systematic review of TPVB for intraopera-
tive surgical anaesthesia identified eight studies, of which only

two were directed at abdominal surgery.8 Another systematic
review for TPVB in abdominal surgery focused only on a single
surgical procedure (open inguinal herniorraphy) in adult and
paediatric populations.13 The role of TPVB in patients undergoing
abdominal surgery therefore remains poorly defined. The goal of
the present systematic review was to determine the efficacy of
TPVB in providing postoperative analgesia for abdominal surgery
when compared with either systemic analgesia alone or alterna-
tive analgesic strategies.

Methods
A systematic review of the literature was performed following
the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses statement (PRISMA) guidelines.14
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Search strategy

Wedefinedacomprehensive search strategy to identifystudies that
used TPVB in adult (>18 yr of age) patients undergoing abdominal
surgeryof any type (Supplementary data, Appendix S1). The follow-
ing databases were searched:Medline (1946 – January 2016),Medline
In-Process (January 2016), Embase (1947 – January 2016),Cochrane Cen-
tral Register of Controlled Trials (January 2016), Cochrane Database of
Systematic Reviews (2005 – January 2016) andNHS Economic Evaluation
Database (1st Quarter 2016). Reference lists of selected articles were
also hand-searched for additional studies.

Eligible studies

Two authors independently screened the results of the literature
search and selected studies that fulfilled the following inclusion
criteria: adult subjects, randomized controlled trial (RCT); postoperative
pain scores and/or postoperative analgesic consumption reported;
analgesic effect of TPVB distinguishable from other concomitant anal-
gesic modalities. Studies that did not meet inclusion criteria and
abstracts that were not available as English full-text articles
were excluded at this stage. Any disagreements regarding article
inclusion was resolved by discussion amongst all authors.

Data extraction

Data collection was performed using a standardized form
and analysed using Microsoft Excel 2016 (Microsoft Corp,

Redmond, WA). The following data was extracted from the se-
lected studies: patient characteristics, type of surgery, study
methodology, anaesthetic and analgesic techniques and out-
comes assessed. The primary outcomes of interest for this sys-
tematic reviewwere postoperative pain scores and/or analgesic
intake. Secondary outcomes included length of hospital stay
and all adverse events, including nausea and vomiting, vascu-
lar puncture, epidural or intrathecal spread, pleural puncture,
or pneumothorax. Subgroup analyses based on the type of
surgery and comparator technique were performed. Methodo-
logical bias of each RCT was assessed independently using the
both the modified Jadad five-point scale15 (which focuses on
adequacy of randomization and blinding) and the Cochrane
Collaboration risk of bias assessment tool,16 and tabulated
using Review Manager version 5.3 (RevMan; Cochrane Collab-
oration, Oxford, UK).

Results
Description of studies

Results of literature search
913 citations were retrieved by the initial database search with
one additional study identified by hand searching. 158 duplicates
were found, leaving 756 records. Of these, 20 studies involving a
total of 1044 participants met our inclusion criteria (Fig. 1).

913 records identified through
database searching

1 additional record identified
through other sources

Removal of 158 duplicates

756 records screened

695 records excluded:
- Not RCTs
- Not abdominal surgery
- Paediatric

61 full-text articles and
abstracts assessed for

eligibility

20 studies included in
qualitative synthesis

41 articles excluded:
- Not TPVB vs comparator
- Not randomized
- Abstract only
- Non-English full-text
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Fig 1 Flowchart of identified, screened, eligible and included studies.
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Study quality
The methodological quality of the studies varied widely as
judged by the modified Jadad score15; eight studies had a Jadad
score of five, four had a score of four, whilst eight studies had a
score of three or less. When risk of bias was assessed using the
Cochrane Collaboration methodology,16 all but two studies17 18

were scored as being at high risk of bias in at least one domain.
The main areas of weakness were in blinding (performance
and detection bias), and unclear reporting of outcome data
(Fig. 2).

Technical performance
All studies performed preoperative TPVB in awake patients.
Seventeen studies used a landmark-guided insertion technique
to perform TPVB. Seven of these used a pre-specified distance be-
yond the transverse process as their endpoint for injection,17–23

six studies reported using loss-of-resistance as their end-
point,24–29 and four used a peripheral nerve stimulator to confirm
entry into the paravertebral space.30–33 Three studies used an
ultrasound-guided technique to perform TPVB.34–36

Eight studies performed TPVB injections at a single
intervertebral18 19 24–27 34 36 and 12 studies did so at multiple
levels.17 20–23 28–33 35 Four studies inserted paravertebral
catheters,19 25 27 29 however only three of these utilized the cath-
eter to provide postoperative analgesia as either the initial bolus
injection,25 a continuous infusion27 29 or a second bolus.19

Type of surgery
Nine types of surgical procedure in the included studies were
identified and distributed as follows: eight studies in open in-
guinal herniorrhaphy17 21–24 28 32 36; three studies in percutaneous
nephrolithotomy (PCNL)19 20 25; two studies in open renal sur-
gery26 34; two studies in laparoscopic cholecystectomy30 31; and
one study each in open cholecystectomy,27 donor hepatectomy,18

ventral wall hernia repair,29 openmajor gynaecological surgery35

and extracorporeal shock wave lithotripsy (ESWL).33

Anaesthesia vs analgesia
Nine studies used TPVB as the primary anaesthetic tech-
nique.17 22–25 28 29 33 36 In the other 11 studies TPVB was used
in the intervention group solely to provide perioperative anal-
gesia.18–21 26 27 30–32 34 35

Comparators
Of the 11 studies using TPVB as an analgesic technique, six
studies comparedpostoperative outcomes after TPVB to systemic
analgesia or placebo,18–20 30 31 34 and two studies compared it
to epidural analgesia (either single shot26 or a continuous
infusion27). Two studies compared outcomes after transversus
abdominis plane (TAP) block to TPVB analgesia,32 35 and one com-
pared peripheral local anaesthetic infiltration to TPVB.21

Of the nine studies using TPVB as a primary anaesthetic tech-
nique, four studies compared postoperative analgesic outcomes
of TPVB to spinal anaesthesia,22 24 28 36 and three studies com-
pared it to general anaesthesia (GA) with systemic analgesia
alone17 23 29 One study compared TPVB to local anaesthetic infil-
tration alone,33 and the last compared continuous TPVB anaes-
thesia and analgesia to either continuous lumbar epidural
anaesthesia or GAwithout any supplemental technique.25

Outcomes studied
All 20 studies meeting inclusion criteria reported postoperative
pain scores for varying time intervals, ranging from PACU to

12 weeks. Postoperative analgesic consumption was reported in
all but two of the 20 studies21 33 but again, this was over varying
time intervals. Seventeen studies reported monitoring for
adverse outcomes related to TPVB.17–24 26–30 32–34 36 Three studies
reported on length of stay in either PACU or hospital.17 29 33

Abou Zeid et al 2004 29
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Agarwal et al 2012 30

Akcaboy et al 2009 22

Akcaboy et al 2010 23

Ak et al 2013 20

Baik et al 2013 34

Bhattacharya et al 2010 24

Bigler et al 1989 27

Borle et al 2014 19

Elbealy et al 2008 25

Fusco et al 2016 36

Hadzic et al 2006 17

Hanoura et al 2013 33

Kaya et al 2014 32

Klein et al 2002 21

Mandal et al 2011 28

Melnikov et al 2012 35

Moawad et al 2013 26

Moussa 2008 18

Naja et al 2004 31
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Fig 2 Risk of bias assessment for included randomized controlled trials.
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Table 1 Characteristics of studies included in qualitative analysis. LMG, landmark-guided; LOR, loss of resistance; NS, nerve stimulator; PCA, patient-controlled analgesia; SS, single shot;
TAP, transversus abdominis plane; TPVB, thoracic paravertebral block; USG, ultrasound-guided

Study details TPVB details

Author Year Jadad
Score15

Surgery N Control (n) Intervention (n) TPVB
Level

Number of
Injections

Drug administered Per injection

General Surgery
Akcaboy and
colleagues23

2010 3 Open inguinal
herniorrhaphy

60 General anaesthesia
(30)

Unilateral LMG SS-TPVB only
(30)

T9-L1 Multiple (5) 5 ml 0.5% Levobupivacaine
+Epinephrine×5

Akcaboy and
colleagues22

2009 3 Open inguinal
herniorrhaphy

60 Spinal (30) Unilateral LMG SS-TPVB only
(30)

T9-L1 Multiple (5) 5 ml 0.5% Levobupivacaine
+Epinephrine×5

Bhattacharya and
colleagues24

2010 5 Open inguinal
herniorrhaphy

60 Spinal (30) Unilateral LMG-NS SS-TPVB
only (28)

L1 Single 20 ml 0.5% Bupivacaine

Fusco and
colleagues36

2016 5 Open inguinal
herniorrhaphy

50 Spinal (25) Unilateral USG SS-TPVB only
(25)

T9 Single 20 ml 0.5% Levobupivacaine

Hadzic and
colleagues17

2006 4 Open inguinal
herniorrhaphy

48 General anaesthesia
(24)

Unilateral LMG SS-TPVB only
(24)

T9-L1 Multiple (5) 5 ml 0.5% Levobupivacaine×5

Kaya and
colleagues32

2014 3 Open inguinal
herniorrhaphy

60 TAP block(30) Unilateral LMG-NS SS-TPVB
+general anaesthesia (30)

T11-L1 Multiple (3) 5 ml 0.5% Bupivacaine×3

Klein and
colleagues21

2002 5 Open inguinal
herniorrhaphy

46 Peripheral/Field Block
(22)

Unilateral LMG SS-TPVB
+general anaesthesia (24)

T10-L2 Multiple (5) 7 ml 0.5% Ropivacaine
+Epinephrine×5

Mandal and
colleagues28

2011 4 Open inguinal
herniorrhaphy

54 Spinal (24) Unilateral LMG-LOR SS-TPVB
alone (22)

T10 &
L1

Multiple (2) 15 ml 0.5% Bupivacaine×1, 5 ml
0.5% Bupivacaine×1

Agarwal and
colleagues30

2012 2 Laparoscopic
cholecystectomy

50 General anaesthesia
(25)

Bilateral LMG-NS SS-TPVB
+general anaesthesia (25)

T5-6 Multiple (2) 0.3 ml kg−1 0.25% Bupivacaine×2

Naja and
colleagues31

2004 3 Laparoscopic
cholecystectomy

60 General anaesthesia
(30)

Bilateral LMG-NS SS-TPVB
+general anaesthesia (30)

T5-6 Multiple (2) 0.3 ml kg−1 of mixture including 6
ml 2% Lidocaine, 6 ml 2%
Lidocaine/Epinephrine
1:200 000

5 ml 0.5% bupivacaine, 50 mcg
Fentanyl, 300 mg clonidine×2

Bigler and
colleagues27

1989 5 Open cholecystectomy 20 Thoracic epidural
analgesia (10)

Unilateral LMG-LOR TPVB
catheter+general
anaesthesia (10)

T7-8 Single 15 ml 0.5% Bupivacaine

Moussa18 2008 5 Donor hepatectomy 24 General anaesthesia
(12)

Bilateral LMG SS-TPVB+general
anaesthesia (12)

T7-8 Single 25 ml 0.25% Bupivacaine

Abou Zeid and
colleagues29

2004 2 Ventral hernia repair 60 General anaesthesia
(30)

Bilateral LMG-LOR TPVB
catheter alone (30)

T9-11 Multiple (2) 20 ml of mixture including 6 ml 2%
Lidocaine,

13 ml Levobupivacaine/
Epinephrine 5 mcgml−1, 50 mcg
Fentanyl
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Data analysis
Meta-analysis of the data was not performed because of the sig-
nificant heterogeneity in the included studies with regard to type
of surgery, comparator groups and definition, measurement and
reporting of analgesic outcomes. A qualitative reviewwas under-
taken instead. The key characteristics and findings of individual
studies are summarized in Tables 1 and 2.

General surgery

Inguinal hernia surgery
Eight studies involving a total of 438 patients compared TPVB
in open inguinal herniorrhaphy.17 21–24 28 32 36 Six studies totall-
ing 332 patients used TPVB as the primary anaesthetic tech-
nique17 22–24 28 36 whilst two studies of 106 patients used TPVB
as an analgesic technique.21 32

Studies using TPVB as the primary anaesthetic technique. Four stud-
ies compared TPVB to spinal anaesthesia as the primary anaes-
thetic technique.22 24 28 36 The TPVB groups demonstrated lower
resting and dynamic pain scores in the early postoperative period
(up to 12 h), with modest reductions in analgesic requirements
and less PONV. Fusco and colleagues36 also reported improved
pain outcomes up to 12 weeks postoperatively.

Two studies compared GA to TPVB anaesthesia.17 23 They re-
ported improved resting and dynamic pain scores during the first
12 postoperative h in the TPVB group, reduced analgesic require-
ments, and faster time to discharge.

Studies using TPVB as an analgesic technique. Therewere two stud-
ies comparing TPVB to peripheral nerve block techniques. One
trial of 46 patients compared TPVB to combined ilioinguinal/ilio-
hypogastric nerve block and subcutaneous infiltration of the sur-
gical site; both groups received standardized GA.21 Therewere no
reporteddifferences inpain scores at any timepoint in thefirst 72h,
but fewer patients in the TPVB group required opioids in PACU.

Another group32 compared TPVB to TAP block in 60 patients
undergoing inguinal herniorrhaphy under spinal anaesthesia.
They reported lower pain scores in the TPVB group in the first
12 h, and lower diclofenac consumption compared with the
TAP group.

Cholecystectomy
Two studies compared bilateral TPVB to systemic analgesia in a
total of 110 patients undergoing laparoscopic cholecystectomy
under GA.30 31 Agarwal and colleagues30 reported lower pain
scores in the TPVB group in PACU, with no differences at any
time point between groups thereafter. Analgesic intake was re-
duced in the TPVB group in the first 24 h postoperatively. How-
ever, Naja, Ziade and Lönnqvist31 reported lower pain scores
both at rest and with movement for the first 72 postoperative h,
with reduced analgesic requirement for up to 36 h in the TPVB
group when compared with systemic analgesia. Both studies re-
ported reduced PONV in their respective TPVB groups.

Bigler and colleagues27 compared continuous TPVB to con-
tinuous thoracic epidural analgesia for open cholecystectomy pa-
tients. They demonstrated higher pain scores in the first eight h
during coughing, and the first six h at rest in the TPVB group,with
higher postoperative systemic morphine consumption in this
cohort.

Ventral hernia surgery. One study29 compared bilateral TPVB ca-
theters as the primary anaesthetic technique to systemic anal-
gesia after GA, in 60 patients with undergoing ventral hernia
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Table 2 Outcomes reported from studies included in qualitative analysis. *statistically significant. Data presented as (mean ) or (median [interquartile range]). NRS, numerical rating score;
PACU, post-anaesthesia care unit; PCA, patient controlled analgesia; PONV, postoperative nausea and vomiting; TAP, transversus abdominis plane; TPVB, thoracic paravertebral block VAS, visual
analogue score

Study details Pain scores Analgesic intake Other outcomes

Author Yr Favours
TPVB?

Pain scores TPVB vs other Favours
TPVB?

Analgesic intake scores TPVB vs other Other outcomes, complications and failures

General Surgery
Akcaboy and
colleagues23

2010 Y - Lower VAS than systemic analgesia
alone at rest & movement first
12 h*

- No significant differences at 18,
24 & 48 h

Y - Fewer patients needing meperidine than
systemic analgesia alone in PACU (0 vs 8)*

- Longer time to first analgesia (naproxen)
than systemic analgesia alone(16 h
[14.5–17.5] vs 3 h [1–7])*

- Longer time to first rescue analgesia
(tramadol) than systemic analgesia
alone(19 h [16–24] vs 5.5 h [1–9])*

- Fewer patients requiring rescue analgesia*
- Longer mean duration of analgesia

(15 [5–23] vs 3 h [0–6])*.

- Faster readiness to home in TPVB group
- No differences in patient or surgeon

satisfaction between groups

Akcaboy and
colleagues22

2009 Y - Lower VAS than spinal at rest &
movement at 4, 6 & 12 h*

- No significant differences at 30, 60,
120, 180 mins, 18, 24 & 48 h

Y - Fewer patients using tramadol than spinal
(7 (24.1% vs 25 (83.3%))*

- Lower mean tramadol usage than spinal
group [0.4(0.7) vs 1.7(0.7)]*

- Faster readiness to home in TPVB group
- No differences in patient satisfaction

between groups
- 2 patients with epidural spread in TPVB

group
- 1 TPVB failure - excluded

Bhattacharya and
colleagues24

2010 Y - Lower VAS than spinal at 4 h* and
6 h* only

N - No significant differences in analgesic
intake

- Less PONV (6 vs 2 in TPVB group
- 2 TPVB failures - excluded

Fusco and
colleagues36

2016 Y Lower VAS than spinal at 2, 4, 8, 12 & 24
h and at 1, 4, 8 & 12 weeks both at
rest* and activity*

Y - Fewer patients using ketorolac than spinal
group from time of surgeryup to 12
weeks (11 vs 18)*

- Fewer patients using tramadol than spinal
group from time of surgeryup to 12
weeks (1 vs 15)

- No significant differences in
acetaminophen use

- Higher patient satisfaction in the TPVB
than spinal anaesthesia group*

- Reduced dysesthesia, allodynia and
hyperesthesia in TPVB group for up to 12
weeks

Hadzic and
colleagues17

2006 Y - Fewer reports of moderate-severe
pain than systemic analgesia
alone in PACU*

- Longer median time to first pain
(VAS>3) (14 h [1–23] vs 2 h [0–8])*

- No significant differences at 24, 48 or
72 h

N - No significant difference in number of pain
pills

- More nausea in systemic analgesia group
but only 1 patient had vomiting
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Kaya and colleagues32 2014 Y - Lower VAS than TAP in PACU, 30
min, 3, 6 & 12 h*

Y - More patients using diclofenac in TAP
group (66% vs 35%)*

- Faster readiness to home in TPVB group

Klein and
colleagues21

2002 N - No significant differences for the
first 72 h

Y - Fewer patients needing opioids in PACU
than peripheral block (39% vs 61%)*

- 1 patient with epidural spread in TPVB
group

Mandal and
colleagues28

2011 Y - Unclear from description Y - Lower 24 h total tramadol requirement
than spinal group[126±(54) mg vs 172(35)
mg]*

- Longer time to first analgesic request than
spinal group [216(22)min vs 334(71)min]*

- 2 TPVB failures- excluded
- 2 TPVB inadequate - excluded
- 2 spinal failure – excluded
- 2 spinals bilateral - excluded

Agarwal and
colleagues30

2012 Y - Lower 1st PACU VAS at rest [5.68
(1.34) vs 3.64(1.57)] & with
coughing than systemic
analgesia alone [5.24(1.5) vs 7.04
(1.24)]*

- No significant differences at 2,6,12 &
24 h

Y - Lower 24 h morphine intake than systemic
analgesia alone[16.8(3.37) mg vs 27.24
(5.08) mg]*

- Less PONV in the immediate postoperative
period in the TPVB group

Naja and colleagues31 2004 Y - Lower VAS than systemic analgesia
alone at rest at 6 and 12 h* and
during movement, coughing and
walking at 6, 12, 24, 36 and 48 h*

Y - Fewer patients needing analgesic
supplementation (dextropropoxifen
±meperidine) than systemic analgesia
alone at 6, 12, 24 & 36 h*

- No significant difference in PONV

Bigler and
colleagues27

1989 N - Higher pain scores than epidural
during coughing at 2, 4, 6 & 8 h*,
and at 6 h* at rest

N - Higher morphine intake than epidural (15
mg [0–25] vs 0 mg [0–15])*

- No differences in impairment of
pulmonary function

- 1 patient with segmental thoracic pain for
>3 months in TPVB group

- 2 TPVB failures - excluded

Moussa18 2008 Y - Lower median VAS than systemic
analgesia alone on PACU
admission (5 vs 2) and discharge
(4 vs 1)*

Y - Lower morphine consumption than
systemic analgesia alone in PACU[4.1
(1.16) vs 9.21(2.18)]* and at 24 h [21.76(6.8)
mg vs 44.12(9.2) mg]*

- Longer time to first analgesic requirement
than systemic analgesia alone[104.08
(2.04) min vs 31.5(6.14) min]*

- Less PONV in TPVB group

Abou Zeid and
colleagues29

2004 Y - Lower VAS than systemic analgesia
alone at 0–24 h (0 vs 7) and 24–48
h (2 vs 6) (Not significant)

Y - Lower analgesic intake than systemic
analgesia alone at 24 and 48 h*

- Less PONV* in TPVB group
- shorted length of stay 4 (1.2) vs 7 (1.3)*
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Table 2 Continued

Study details Pain scores Analgesic intake Other outcomes

Author Yr Favours
TPVB?

Pain scores TPVB vs other Favours
TPVB?

Analgesic intake scores TPVB vs other Other outcomes, complications and failures

Urological Surgery
Ak and colleagues20 2013 Y - Lower VAS than systemic analgesia

alone at 1 & 2 h*
- No significant differences at 6, 12 &

24 h

Y - Lower 24 h morphine intake than systemic
analgesia alone[22.3(6.1) vs 43.2(9.5)]*

- Longer time than systemic analgesia alone
to first PCA use [94.2(24.1) vs 48.3(17.4)]*

- Higher patient satisfaction in TPVB group
[4.2 (0.6)] than systemic analgesia alone
[2.4 (0.5)]* on a 5-point scale

- Less nausea* (but not vomiting) in TPVB
group

- 3 failed TPVB - excluded
- 2 patients in the systemic analgesia group

unable to use PCA - excluded

Borle and
colleagues19

2014 Y - Lower VAS than systemic analgesia
alone at rest at 0, 1, 2 & 12 h* and
with deep breathing at 0, 1, 2, 4, 6,
12 & 24 h*

Y Lower median postoperative fentanyl
consumption than systemic analgesia
alone(525 mcg [150–1275] vs 175 mcg
[25–475])*

Lower mean tramadol boluses on the ward
than systemic analgesia alone[1.95(0.8)
vs 1.04(0.53)]*

Longer median time to first analgesic request
than systemic analgesia alone(30 min
[0–180] vs 120 min [30–570])*

- One patient with hydropneumothorax in
each group

Elbealy and
colleagues25

2008 Y - Lower VAS than both epidural and
systemic analgesia at 0, 2, 4, 6, 12
and 24 h*

Y - Lower number of patients consuming
analgesia than in epidural(2 vs 13)* and
systemic analgesia (20 vs 13)* groups

- Lower PONV in TPVB & epidural group than
systemic analgesia group

- 2 failed TPVB - excluded
- 1 failed epidural - excluded

Hanoura and
colleagues33

2013 N - No significant differences up to
discharge from PACU

Not
reported

- Not reported - Shorter PACU stay
- Higher patient satisfaction in TPVB group

[8.8(1.1)] than local anaesthesia alone
[6.1(0.6)]* on a 10-point scale

Baik and colleagues34 2013 Y - Lower NRS than systemic analgesia
alone at 1, 3, 6, 12 & 24 h*

Y - Lower fentanyl consumption than systemic
analgesia alone in the first 24 h(1,122.8
mcg [267.8] vs 711.5 mcg [307])*

Moawad and
colleagues26

2013 N - No significant differences for the
first 24 h

N - No significant differences for the first 24 h - 1 patient with intravascular spread in TPVB
group

Gynaecological Surgery
Melnikov and
colleagues35

2012 Y - Lower NRS than systemic analgesia
at rest and with coughing at all
time points until 48 h*

- Lower NRS than TAP block only with
coughing at 2 h*

Y - Lower ketobemidon use than systemic
analgesia alone at 6, 24 and 48 h*

- Lower ketobemidon use than TAP group at
24 & 48 h*
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repair. The TPVB group received a postoperative infusion of
0.125% bupivacaine with 1 mcgml−1 fentanyl through each cath-
eter for 48 h, whereas the GA group only received non-steroidal
anti-inflammatory drugs (NSAIDs) and opioid analgesia as re-
quired. Not surprisingly, oral analgesic requirement was higher
in the GA group in the first 24 h (100% vs 0%) and the 24–48-h per-
iod (90% vs 7%). Pain scoreswere lower in both time periods in the
TPVB group, but there was no comment on the statistical signifi-
cance of this result. The incidence of PONVwas also lower, with a
trend towards lower hospital stay in the TPVB group.

Donor hepatectomy. One study compared single shot bilateral
TPVBs with placebo blocks in a population of 24 patients
undergoing donor hepatectomy under GA.18 Pain scores were
significantly lower on PACU admission and discharge (two h
postoperatively) in the TPVB group, but were not assessed there-
after. Time to first analgesic requirementwas significantly longer
(mean 104 vs 32min), whilstmorphine consumption in PACUand
in the first 24 h was also significantly reduced in the TPVB group.

Urological surgery

Percutaneous nephrolithotomy (PCNL)
Two studies of 108 patients comparedTPVB to systemic analgesia
for postoperative analgesia19 20 after PCNL under GA. A third
triple-armed study of 60 patients compared TPVB, GA, and
single-shot thoracic epidural block as the primary anaesthetic
technique for PCNL.25 Pain scores were reduced in the TPVB
groups compared with systemic analgesia or single shot thoracic
epidural block for between two20 and 24 h.25 There was a reduc-
tion in opioid consumption and less PONV in TPVB patients in
all three studies.

Open renal surgery
Baik and colleagues34 compared TPVB with systemic analgesia
in patients having elective open nephrectomy under general an-
aesthesia. Pain scores and opioid requirementswere significantly
lower in the TPVB group for up to 24 h, although PONV was
equivalent between both groups.

Another group compared TPVB to single shot thoracic
epidural block for open renal surgery, including nephrectomy,
pyelolithotomy and pyeloplasty.26 Analgesic requirements and
pain scores were reported to be similar between both groups for
the first 24 h.

Extracorporeal shock wave lithotripsy
Hanoura and colleagues33 compared TPVB to local anaesthetic
infiltration in patients undergoing outpatient extracorporeal
shock wave lithotripsy (ESWL) under sedation. There was no re-
ported difference in pain scores throughout the intraoperative
phase or in PACU, although fentanyl consumption was lower in
the TPVB group. Additionally, PACU timewas significantly short-
er in the TPVB group [99(17) min vs 133(31) min].

Gynaecological surgery

Melnikov and colleagues35 compared TPVB to either bilateral
ultrasound-guided TAP block or systemic analgesia alone in
patients undergoing midline laparotomy for gynaecological
cancer. Comparedwith the PCA group, both TPVB and TAP groups
had reduced opioid consumption and lower resting and dynamic
postoperative pain scores up to 24 h after surgery. TPVB had a
greater effect thanTAP blockonpostoperative analgesic outcomes

at 24 and 48h,with pain scores remaining lower in the TPVB group
compared with the PCA group up to 48 h postoperatively.

Other outcomes

Five studies reported patient satisfaction outcomes.20 22 23 33 36 Of
these, three reported higher satisfaction scores in the TPVB
groups compared with systemic analgesia alone,20 local anaes-
thesia33 or spinal anaesthesia.36 Two studies reported no differ-
ence in patient satisfaction between TPVB and either systemic
analgesia alone23 or spinal anaesthesia.22 No studies reported
cost-effectiveness or population-based outcomes.

Complications

Out of the 504 adult patients in this review who received a TPVB,
therewere 14 patients excluded for block failure (2.8%).20 22 24 25 27 28

This included nine failures (3.7%) out of the 241 TPVBs adminis-
tered for surgical anaesthesia. The endpoint for needle insertion
in the 14 block failures were as follows: pre-determined distance
beyond the transverse process (four patients),20 22motor response
to nerve stimulation (two patients),24 or loss-of-resistance (eight
patients).25 27 28 The reported failure rate for each of these techni-
ques was therefore 2.3% (4/175 blocks), 1.7% (2/115 blocks) and
5.2% (8/153 blocks) respectively. There were no reported failures
among the 61 ultrasound-guided TPVBs.

There was one report of hydropneumothorax (which may
have been related to the surgery (PCNL) rather than the block),19

one report of intravascular puncture,26 and three patients with
epidural spread.21 22 There was one report of segmental thoracic
pain lasting three months after TPVB.27 There were no reported
cases of pneumothorax.

Discussion
Our systematic review identified 20 published randomized con-
trolled trials examining the role of TPVB in adults undergoing
abdominal surgery. The largest number of studies (eight) were
in open inguinal herniorrhaphy,17 21–24 28 32 36 with a limited
number of studies (one to three) for other types of surgery. The
synthesis and interpretation of these studies was hampered
by heterogeneity in methodology, including type of surgery,
comparator techniques, and outcome definition, assessment
and reporting. Several of these studies also suffered from meth-
odological and data reporting issues that limit the conclusions
that can be drawn from their results.

Notwithstanding this, the overall available evidence points to
improved early postoperative analgesic outcomes for TPVB in
comparison to systemic analgesia alone inmost operative proce-
dures. In recent yr, the use of regional anaesthesia in abdominal
surgery has been dominated by abdominal wall plane blocks, in
particular the TAP block and its variants. The advent ofminimal-
ly-invasive surgical techniques, along with the ubiquity of
aggressive postoperative thromboprophylaxis, have done much
to reduce the role of epidural analgesia and techniques such as
the TAP block have been embraced as simpler and safer analgesic
alternatives. TPVB may offer a useful middle ground between
neuraxial blocks and abdominal wall plane blocks for major
open abdominal surgery, as they can provide both visceral and
somatic analgesia. They may also provide more extensive cover-
age of the abdominal wall than plane blocks; TAP blocks, for
example, do not generally cover incisions extending lateral to
the mid-clavicular or anterior axillary line, and thus have a
more limited scope of application.37 There are however very
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few trials at present comparing TPVB to other peripheral nerve
block techniques such as TAP block32 35 or ilioinguinal-iliohypo-
gastric block21 for abdominal surgery. While these suggest that
TPVB provides superior analgesic outcomes, more work is
needed before a definitive recommendation can be made. There
were only three studies that compared TPVB to thoracic epidural
analgesia, of which one reported analgesic outcomes in favour of
thoracic epidural block,27 one found no difference26 and one
found TPVB to be superior.25 All three looked at different surgical
populations and used different anaesthetic and analgesic
regimens. No conclusions can therefore be drawn regarding the
relative efficacy of TPVB and thoracic epidural analgesia in
abdominal surgery at present. Finally, the newer quadratus
lumborum block techniques purport to provide abdominal anal-
gesia by spread to the thoracic paravertebral space,38 39 but there
are presently no comparative trials to indicate whether this is
advantageous over direct injection of local anaesthetic into the
thoracic paravertebral space.

The relatively short duration of analgesia (12–24 h) is an ex-
pected limitation of any single shot peripheral nerve block tech-
nique. Three studies in this review inserted TPVB catheters25 27 29

but only two of these used the catheter to provide postoperative
analgesia.27 29 Abou Zeid and colleagues29were able to extend the
analgesic benefit of TPVB up to 48 hwith continuous local anaes-
thetic infusion. Bigler and colleagues27, on the other hand, noted
that continuous local anaesthetic infusion failed to maintain the
extent of block that was achieved with the initial bolus, and that
continuous TPVB provided inferior analgesia comparedwith con-
tinuous thoracic epidural analgesia in the setting of open chole-
cystectomy. Challenges with TPVB catheters, such as catheter tip
malposition have been observed in up to 30% of TPVB catheters
inserted using the landmark-guided technique and up to a quar-
ter provide inadequate analgesia.40 More studies are needed to
determine if modifications in insertion technique (e.g. the use
of ultrasound) or the use of different catheter designs can address
these limitations.41

The analgesic benefits of TPVB must be weighed against the
relative complexity and complications associated with the tech-
nique. Fourteen failed TPVBs (2.8%) were reported in the studies
included in this review, nine of which were failures of surgical
anaesthesia. The block failure rate was highest with a loss-of-
resistance technique (5.2%). The superior costotransverse liga-
ment is a less dense structure compared with the ligamentum
flavum and may not completely span the gaps between trans-
verse processes. The loss of resistance encountered upon enter-
ing the thoracic paravertebral space is thereforemore subtle than
when entering the epidural space,42 whichmaymake it a less re-
liable endpoint. Advancing the block needle a pre-determined
distance beyond contact with the transverse process was asso-
ciated with a 2.3% failure rate, which may be because of inherent
inter-individual anatomical variation. Notably, there were no
failures reported in studies using the newer ultrasound-guided
techniques, although the small number of blocks (n=61) preclude
any definitive conclusions about relative efficacy at this time.30–33

On the other hand, themajority of studies did not report system-
atically assessing patients for block success, and concurrent
administration of general anaesthesia may have masked TPVB
failure. It is therefore possible that the overall therapeutic failure
rate for postoperative analgesia is higher than what has been
reported. The overall adverse event rate was low (1.2%), with
one of the six reported events (hydropneumothorax) possibly re-
lated to surgery rather than TPVB. In particular there were no
cases of pneumothorax, and this may partly reflect the fact that
the anterior boundary of the paravertebral space in lower TPVB

approaches is the diaphragm, rather than the pleura.1 While
this low complication rate contrasts with older published
data,43 it is in keeping with more contemporary literature,44 and
supports an increased role for TPVB in abdominal surgery.

In order to fully understand the therapeutic effects of TPVB in
abdominal surgery, we recommend that future randomized con-
trolled trials should be designed with the following methodo-
logical standards: a) patients having major abdominal surgery;
b) standardized TPVB technique; c) comparing TPVB with both
placebo blocks and alternative regional anaesthetic techniques
such as epidural, TAP block or quadratus lumborum block; d) op-
timal multimodal analgesia in both groups, including regular
acetaminophen, NSAIDs and breakthrough opioid analgesia; e)
adequately powered to detect a clinically significant difference
in pain scores and analgesic requirement up to at least 24 h post-
operatively; f ) rigorous surveillance for adverse effects and com-
plications associated with the block.

Conclusion
In summary, our systematic review identified a relatively small
number of studies examining the analgesic efficacy of TPVB in
abdominal surgery. The evidence indicates that single-shot
TPVB provides postoperative analgesia in the first 12 to 24 h, re-
ducing pain scores, opioid consumption, and PONV compared
with patients who receive no block. The reported block failure
rate was less than 3% and complications were uncommon. Al-
though the majority of published studies were in open inguinal
herniorrhaphy, we would not consider this a major indication
for TPVB given the availability and widespread use of other
less-invasive anaesthetic approaches. Instead TPVB may have
potential as an alternative regional anaesthesia technique in
major abdominal surgery, particularly where both somatic and
visceral analgesia is desired. However, there are insufficient
data at present to determine how TPVB compares to thoracic epi-
dural analgesia, or other abdominal wall block techniques. Fur-
ther well-designed studies are required to fully elucidate the
role that TPVBmay have in postoperative analgesia after abdom-
inal surgery.

Authors’ contributions
Study design/planning: C.M., K.J.C.
Study conduct: K.E., C.M., K.J.C.
Data analysis: K.E., K.J.C.
Writing paper: K.E., K.J.C.
Revising paper: all authors

Acknowledgements
Wewould like to thankMarina Englesakis for her assistancewith
the literature search.

Declaration of interest
None declared.

References
1. Krediet AC, Moayeri N, van Geffen GJ, et al. Different

Approaches to Ultrasound-guided Thoracic Paravertebral
Block. Anesthesiology 2015; 123: 459–74

306 | El-Boghdadly et al.

D
ow

nloaded from
 https://academ

ic.oup.com
/bja/article/117/3/297/1744568 by guest on 20 April 2024



2. Ho AMH, Karmakar MK, Critchley LAH. Acute pain manage-
ment of patients with multiple fractured ribs: a focus on
regional techniques. Curr Opin Crit Care 2011; 17: 323–7

3. Andreae MH, Andreae DA. Regional anaesthesia to prevent
chronic pain after surgery: a Cochrane systematic review
and meta-analysis. Br J Anaesth 2013; 111: 711–20

4. Romero A, Garcia JEL, Joshi GP. The state of the art in prevent-
ing postthoracotomy pain. Semin Thorac Cardiovasc Surg 2013;
25: 116–24

5. Karmakar MK, Samy W, Li JW, et al. Thoracic paravertebral
block and its effects on chronic pain and health-related qual-
ity of life after modified radical mastectomy. Reg Anesth Pain
Med 2014; 39: 289–98

6. Piccioni F, Langer M, Fumagalli L, Haeusler E, Conti B,
Previtali P. Thoracic paravertebral anaesthesia for awake
video-assisted thoracoscopic surgery daily. Anaesthesia
2010; 65: 1221–4

7. Tacconi F, Pompeo E, Fabbi E,Mineo TC. Awake video-assisted
pleural decortication for empyema thoracis. Eur J Cardiothorac
Surg 2010; 37: 594–601

8. Thavaneswaran P, Rudkin GE, Cooter RD, Moyes DG,
Perera CL, Maddern GJ. Paravertebral block for anesthesia: A
systematic review. Anesth Analg 2010; 110: 1740–4

9. Visser WA, Fanyar Z, Luiten EJT. Thoracic paravertebral block
for awake breast surgery in a patient with congenital central
hypoventilation syndrome (Ondine’s Curse). J Clin Anesth
Elsevier 2013; 25: 604–5

10. Kanawati S, Fawal H, Maaliki H, Naja ZM. Laparoscopic sleeve
gastrectomy in five awake obese patients using paravertebral
and superficial cervical plexus blockade.Anaesthesia 2015; 70:
993–5

11. Schnabel A, Reichl SU, Kranke P, Pogatzki-Zahn EM, Zahn PK.
Efficacyand safety of paravertebral blocks in breast surgery: A
meta-analysis of randomized controlled trials. Br J Anaesth
2010; 105: 842–52

12. Davies RG, Myles PS, Graham JM. A comparison of the
analgesic efficacy and side-effects of paravertebral vs epi-
dural blockade for thoracotomy - A systematic review and
meta-analysis of randomized trials. Br J Anaesth 2006; 96:
418–26

13. Law LSC, Tan M, Bai Y, Miller TE, Li YJ, Gan TJ. Paravertebral
Block for Inguinal Herniorrhaphy: A Systematic Review and
Meta-Analysis of Randomized Controlled Trials. Anesth
Analg 2015; 121: 556–69

14. Liberati A, Altman DG, Tetzlaff J, Mulrow C, Gøtzsche PC,
John PA. The PRISMA statement for reporting systematic
reviews and meta-analyses of studies that evaluate health-
care interventions: explanation and elaboration. Br Med J
2009; 339: b2700

15. Jadad A, Moore A, Carroll D, et al. Assessing the quality of
reports of randomized clinical trials: Is blinding necessary?
Control Clin Trials 1996; 17: 1–12

16. Higgins JPT, Altman DG, Gøtzsche PC, et al. The Cochrane
Collaboration’s tool for assessing risk of bias in randomised
trials. Br Med J 2011; 343: d5928

17. Hadzic A, Kerimoglu B, Loreio D, et al. Paravertebral Blocks
Provide Superior Same-Day Recovery over General Anesthe-
sia for Patients Undergoing Inguinal Hernia Repair. Anesth
Analg 2006; 102: 1076–81

18. Moussa A. Opioid saving strategy: bilateral single-site thor-
acic paravertebral block in right lobe donor hepatectomy.
Middle East J Anesthesiol 2008; 19: 789–801

19. Borle AP, Chhabra A, Subramaniam R, et al. Analgesic
efficacy of paravertebral bupivacaine during percutaneous

nephrolithotomy: an observer blinded, randomized con-
trolled trial. J Endourol 2014; 28: 1085–90

20. Ak K, Gursoy S, Duger C, et al. Thoracic paravertebral block
for postoperative pain management in percutaneous ne-
phrolithotomy patients: a randomized controlled clinical
trial. Med Princ Pr 2013; 22: 229–33

21. Klein SM, Pietrobon R, Nielsen KC, et al. Paravertebral somatic
nerve block compared with peripheral nerve blocks for out-
patient inguinal herniorrhaphy. Reg Anesth Pain Med 2002;
27: 476–80

22. Akcaboy EY, Akcaboy ZN, Gogus N. Ambulatory inguinal
herniorrhaphy: Paravertebral block versus spinal anesthesia.
Minerva Anestesiol 2009; 75: 684–91

23. Akcaboy EY, Akcaboy ZN, Gogus N. Comparison of paraver-
tebral block versus fast-track general anesthesia via laryn-
geal mask airway in outpatient inguinal herniorrhaphy. J
Anesth 2010; 24: 687–93

24. Bhattacharya P, Mandal MC, Mukhopadhyay S, Das S, Pal PP,
Basu SR. Unilateral paravertebral block: An alternative to
conventional spinal anaesthesia for inguinal hernia repair.
Acta Anaesthesiol Scand 2010; 54: 246–51

25. Elbealy E, Rashwan D, Kassim SA, Abbas S. A Comparison of
the effects of epidural anesthesia, lumbar paravertebral block
and general anesthesia in percutaneous nephrolithotomy.
J Med Sci 2008; 8: 170–6

26. Moawad HE, Mousa SA, El-Hefnawy AS. Single-dose paraver-
tebral blockade versus epidural blockade for pain relief after
open renal surgery: A prospective randomized study. Saudi J
Anaesth 2013; 7: 61–7

27. Bigler D, Dirkes W, Hansen R, Rosenberg J, Kehlet H. Effects
of thoracic paravertebral block with bupivacaine versus
combined thoracic epidural blockwith bupivacaine andmor-
phine on pain and pulmonary function after cholecystec-
tomy. Acta Anaesthesiol Scand 1989; 33: 561–4

28. Mandal MC, Das S, Gupta S, Ghosh TR, Basu SR. Paravertebral
block can be an alternative to unilateral spinal anaesthesia
for inguinal hernia repair. Indian J Anaesth 2011; 55: 584–9

29. Abou ZeidHA,Al-GhamdiAMA, Abdel-HadiMS-A, Zakaria HM,
Al-Quorain AAA, Shawkey MN. Bilateral paravertebral block in
advanced schistosomal liver disease: a prospective study.
Saudi J Gastroenterol 2004; 10: 67–77

30. Agarwal A, Batra RK, Chhabra A, et al. The evaluation of
efficacy and safety of paravertebral block for perioperative
analgesia in patients undergoing laparoscopic cholecystec-
tomy. Saudi J Anaesth 2012; 6: 344–9

31. Naja MZ, Ziade MF, Lönnqvist PA. General anaesthesia com-
bined with bilateral paravertebral blockade (T5-6) vs. general
anaesthesia for laparoscopic cholecystectomy: a prospect-
ive, randomized clinical trial. Eur J Anaesthesiol 2004; 21:
489–95

32. Kaya C, Koksal E, Ustun YB, Yilmaz MZ, Torun AC, Ozkan F.
Comparative effects of transversus abdominis plane and
paravertebral block on postoperative pain in inguinal hernia
surgery. Acta Medica Mediterr 2014; 30: 341–6

33. Hanoura S, Elsayed M, Eldegwy M, et al. Paravertebral block is
a proper alternative anesthesia for outpatient lithotripsy.
Anesth Essays Res 2013; 7: 365–70

34. Baik JS, Oh AY, Cho CW, Shin HJ, Han SH, Ryu JH. Thoracic
Paravertebral Block for Nephrectomy: A Randomized,
Controlled, Observer-Blinded Study. Pain Med 2013; 15: 850–6

35. Melnikov A, Bjoergo S, Kongsgaard U. Thoracic paravertebral
block versus transversus abdominis plane block in major
gynecological surgery: a prospective, randomized, controlled,
observer-blinded study. Local Reg Anesth 2012; 5: 55–61

Paravertebral blocks in abdominal surgery | 307

D
ow

nloaded from
 https://academ

ic.oup.com
/bja/article/117/3/297/1744568 by guest on 20 April 2024



36. Fusco P, Cofini V, Petrucci E, et al. Unilateral paravertebral block
compared to subarachnoid anesthesia for the management of
postoperative pain syndrome after inguinal herniorrhaphy: a
randomized controlled clinical trial. Pain 2016; 157: 1105–13

37. Baeriswyl M, KirkhamKR, Kern C, Albrecht E. The analgesic effi-
cacy of ultrasound-guided transversus abdominis plane block in
adult patients: A meta-analysis. Anesth Analg 2015; 121: 1640–54

38. Blanco R,McDonnell JG. Optimal point of injection: The quad-
ratus lumborumtype I and II blocks2013.Available fromhttp://
www.respond2articles.com/ANA/forums/post/1550.aspx
(accessed 04 June 2016)

39. Børglum J, Jensen K, Moriggl B, et al. Ultrasound-Guided
Transmuscular Quadratus Lumborum Blockade. BJA Out
Blue E-Letters 2013. Available from http://bja.oxfordjournals.
org/forum/topic/brjana_el%3B9919 (accessed 04 June 2016)

40. Luyet C, Siegenthaler A, Szucs-Farkas Z, Hummel G,
Eichenberger U, Vogt A. The location of paravertebral cathe-
ters placed using the landmark technique. Anaesthesia 2012;
67: 1321–6

41. Luyet C, Meyer C, Herrmann G, Hatch GM, Ross S,
Eichenberger U. Placement of coiled catheters into the para-
vertebral space. Anaesthesia 2012; 67: 250–5

42. Tighe S, Greene MD, Rajadurai N. Paravertebral block. Contin
Educ Anaesthesia, Crit Care Pain 2010; 10: 133–7

43. Naja Z, Lönnqvist PA. Somatic paravertebral nerve blockade
Incidence of failed block and complications. Anaesthesia
2001; 56: 1181–201

44. Richardson J, Lönnqvist PA, Naja Z. Bilateral thoracic paraver-
tebral block: Potential and practice. Br J Anaesth 2011; 106:
164–71

Handling editor: J. G. Hardman

308 | El-Boghdadly et al.

D
ow

nloaded from
 https://academ

ic.oup.com
/bja/article/117/3/297/1744568 by guest on 20 April 2024

http://www.respond2articles.com/ANA/forums/post/1550.aspx
http://www.respond2articles.com/ANA/forums/post/1550.aspx
http://www.respond2articles.com/ANA/forums/post/1550.aspx
http://www.respond2articles.com/ANA/forums/post/1550.aspx
http://www.respond2articles.com/ANA/forums/post/1550.aspx
http://www.respond2articles.com/ANA/forums/post/1550.aspx
http://www.respond2articles.com/ANA/forums/post/1550.aspx
http://bja.oxfordjournals.org/forum/topic/brjana_el%3B9919
http://bja.oxfordjournals.org/forum/topic/brjana_el%3B9919
http://bja.oxfordjournals.org/forum/topic/brjana_el%3B9919
http://bja.oxfordjournals.org/forum/topic/brjana_el%3B9919
http://bja.oxfordjournals.org/forum/topic/brjana_el%3B9919
http://bja.oxfordjournals.org/forum/topic/brjana_el%3B9919


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 175
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


