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Analgesia for thoracic surgery:
the role of paravertebral block
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ABSTRACT

An appropriate post operative analgesia after thoracotomies is mandatory to improve the patient’s outcome,
reduce complications rate, morbidity, hospital cost and length of stay. In this paper we review the evidences
regarding the use of paravertebral block for thoracic surgery.

In particular we examine the effect of paravertebral block compared to the other technique in four major issues:
analgesia, complications rate, postoperative pulmonary function and transition from acute to chronic pain.
We conclude that paravertebral block is superior to intravenous analgesia in providing pain control and pre-
serving postoperative pulmonary function while it is equal to thoracic epidural analgesia regarding this two
issues. Paravertebral block has a better safety profile when compared to intravenous and thoracic epidural
analgesia. Its effect on chronic pain incidence still needs further studies.
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Post-operative pain control is one of the
major concerns in the post-operative care
of patients undergoing thoracic surgery, es-
pecially when thoracotomy is required.
The pain associated with thoracotomy
surgery can be severe involving multiple
nerves emanating from various sources in
the chest wall.

Indeed, the intercostal nerves are para-
mount in the conduction of these pain
stimuli arising from skin and muscles in-
cision as well as from ribs spread. The va-
gus and phrenic nerves also conduct pain
stimuli originating in the mediastinal and
diaphragmatic pleura, whereas in the gen-
eration of shoulder pain there is no precise
localization of pain pathways, although in-
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volvement of the brachial plexus has been
theorized. Intercostal nerves are also impor-
tant for the transition from acute to chronic
pain as they suffer by long time extrinsic
compression by surgical instruments and
often they get embedded into post surgical
scars, these insults often cause a change in
the pain from nociceptive to neurogenic
and neurophatic.

A modern approach to pain control should
consider the reduction or elimination of
pain and suffering together with the con-
sideration that reduced morbidity, length of
stay and hospital costs markedly improve
when pain management is successful (1-6).
Paravertebral block (PVB) is an old tech-
nique, first described in 1905 as an alterna-
tive to neuraxial block for obstetric proce-
dures.

It is safe and effective in treating acute and
chronic pain especially of unilateral origin
from the chest and abdomen. It has been
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used in a variety of settings, including vari-
ous types of surgery, trauma and chronic
pain (1, 2, 4, 6-8).

In thoracic surgery PVB is placed at the
level of the surgical thoracic incision, thus
in most of the cases it is a unilateral block.
The injection of local anesthetic (LA) in the
paravertebral space produces analgesia be-
cause of direct contact of LA with the spi-
nal nerve roots before they emerge from the
intervertebral foramina. A small amount of
LA spreads into the epidural space, thus a
single injection usually has effects on mul-
tiple metamers (9-12).

Two techniques have been described to per-
form the block: with the “loss of resistance
technique” the administration of the anes-
thetic occurs after the needle walks off the
transverse process of the vertebra until the
loss of resistance sensation is felt indicat-
ing the paravertebral space; with the “pre
determined distance technique” the needle
walks off the transverse process for 1-2 cm
depending on the patient and the drug is
easily injected into the paravertebral space.
An injection can be performed for each
metamers interested by the surgical inci-
sion or one or two punctures with a greater
volume of solution can be performed by us-
ing the spread of the anesthetics over the
metamers. Also, placement of a catheter in
the paravertebral space facilitates continu-
ous infusion of LA throughout the postoper-
ative period, thus optimizing perioperative
pain control. The catheter can be placed by
the anesthesiologist in a blind manner and
checked by the surgeon during the opera-
tion or placed by the surgeon under direct
vision (this is the preferred technique in
the institution of the first author). Bupiva-
caine, levobupivacaine or ropivacaine can
be used as LA for PVB no one of them has
the evidence to be superior over the others.
For a classic thoracotomy in the institution
of the first author (Forli- Italy) we use Ropi-
vacaine 0.375-0.5% for the 2 punctures per-

formed at T3-T7 level and 0.2% for postop-
erative continuous infusion.

It is difficult to gauge the true complica-
tion rate; known complications from this
block include vascular puncture, skin he-
matoma, pain at the site of injection (3.8%),
and pleural puncture or lung penetration
(1.1%-0.5%) (12-15). Thoracic PVB (TPVB)
for thoracic surgery has been compared to
other neuraxial/analgesic techniques, such
as thoracic epidural analgesia (TEA) in
terms of its effectiveness for postoperative
pain control, incidence of postoperative re-
spiratory function, complication rate and
incidence of chronic pain.

TPVB provides better postoperative anal-
gesia when compared to intercostal nerve
blocks, intrapleural analgesia, spinal anal-
gesia with opiates and intravenous (i.v.) opi-
oid-based analgesia. This results in reduced
postoperative pain and opioid requirement.
Evidence for better pain control compared
to TEA is controversial. Despite some re-
ports demonstrating advantages of TVPB
over TEA (5,16), the preponderance of the
evidence shows equal clinical effectiveness
between the two techniques (1-4, 6, 7, 12).
Nevertheless it must be mentioned that
most of the trials evaluating analgesia after
thoracic surgery did not report data on the
rate of satisfactory analgesia after 72 hours.
It should be pointed out that best medical
practice, resulting in the highest quality an-
algesia, aims to alleviate both surgical and
non-surgical pain in a multimodal approach.
In addition, other factors must be taken into
account when comparing regional anesthe-
sia techniques for thoracic surgery and the
impact of thoracotomy and general anesthe-
sia on postoperative pulmonary function:
anesthesia-related (mechanical ventilation
resulting in high airway pressures, alveolar
collapse and recruitment, consequences of
one lung ventilation on right heart function
and pulmonary vessels); surgical-related
(handling of lung parenchyma and chest
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wall muscle retraction and resection); pain-
related (abdominal muscle contraction, dia-
phragmatic block); mixed etiology-related
(fluid shift, lung stiffness, cytokine release).
All of the above exert a restrictive pattern
on pulmonary function with a decreased
vital capacity and functional residual ca-
pacity. The risk of pulmonary complica-
tions may be reduced by adequate analgesia
sufficient to allow pain free deep breathing,
coughing and clearing of airway secretions.
Although several reports show less reduc-
tion of preoperative peak expiratory flow
rate and forced expiratory volume in 1 sec-
ond following thoracic surgery performed
with TPVB compared to TEA, most of the
meta-analyses done so far conclude that
there is equal effectiveness (1, 2, 6, 12, 16-
19). When performing a loco-regional anes-
thesia technique, patient safety is the pri-
mary outcome that every anesthesiologist
should consider. TPVB carries some spe-
cific potential side effects, not present with
other techniques, that make comparisons
difficult to assess.

The failure rate of this technique has been
reported to be between 6 and 10%, equal
to TEA. The incidence of hypotension, uri-
nary retention, itching, nausea and vomit-
ing (7-17%) is lower than with i.v. analgesia
or TEA. Other adverse events ascribed to
TPVB for thoracic surgery include: pneu-
mothorax (0.5%), pleural puncture (0.8%),
and vascular puncture (4-6.8%). Ultra-
sound-guided TPVB has the potential to
improve clinical efficacy while reducing the
failure and iatrogenic complications rate
via real-time visualization of the paraverte-
bral space and neuraxial structures.

The inadvertent puncture of a major ves-
sel is perhaps the most difficult TPVB re-
lated complication to manage. However,
there might be over-reporting of the sever-
ity of this complication since the paraver-
tebral space is highly vascularized and in
the majority of cases the puncture involves

capillary vessels (1, 4, 7, 10, 12-16). Dam-
age of an intercostal artery or pulmonary
hemorrhage seem to have a low incidence
and, in the institution of the first author
(Forli-Italy), there was only one case of in-
tercostal artery damage in more than 500
TPVB procedures performed over a 4 years
period (14).

Since the severity of acute postoperative
pain is also a predictor of long-term pain
after thoracotomy, early and aggressive
treatment of pain may help to reduce the
currently high frequency of the post thora-
cotomy pain syndrome.

The intra and postoperative infusion of LA
into the thoracic paravertebral and epidural
space reduces the incidence of persistent or
chronic pain in various settings, however
there is still not a definitive conclusion on
which technique results in better outcome
(3, 5-7, 20).

There are multiple mechanisms involved
in the transition from acute to chronic
pain after thoracic surgery and the role of
inflammatory response to noxious stimuli
is of increasing interest. A Danish review
on thoracic surgery for lung transplanta-
tion demonstrated that the rate of chronic
pain following thoracotomy in this setting
is significantly lower than thoracotomies in
other settings. This may be ascribed to the
reduced inflammatory response resulting
from the immunosuppressive therapy (21).
Finally, TPVB is primarily used as single
shot injection but can also be used with
catheter techniques as previously described.
A potential limitation related to the para-
vertebral catheter is that a variable amount
of LA may spread into the epidural space
depending on the position of the catheter
tip and therefore the metameric extent of
TPVB block could be difficult to predict.
The catheter can easily be displaced from
the “small” paravertebral space during pas-
sive transfer and/or active mobilization
of the patient if not properly managed. In
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unilateral thoracic surgeries paravertebral
block is placed to provide analgesia/anes-
thesia on one side, but could also be placed
bilaterally for non-thoracic procedures such
as prostatectomy. When used unilaterally,
it results in less sympathectomy and con-
sequently much less hemodynamic side ef-
fects when compared to TEA. There is also
no motor block and no impact on bladder or
bowel function. Regarding anticoagulation
and the risk of epidural hematoma, there
are no clear guidelines. Some centers are
not concerned at all and do not apply ASRA
(American Society of Regional Anesthesia
and Pain Medicine) neuraxial guidelines
when placing paravertebral blocks, others
are more concerned.

In the institution of the second author (Mi-
ami-USA), they have decided that any block
in close proximity to the spine can theo-
retically result in an epidural/spinal hema-
toma. Consequently, they uniformly apply
ASRA guidelines to these blocks.

In conclusion, recent evidence suggests that
in patients undergoing thoracic surgery
TPVB has a similar pain relief and a supe-
rior safety profile when compared to TEA.
A multimodal approach with iv. oipioids
infusion is recommended. Its use in chronic
pain after thoracic surgery still needs to be
evaluated.
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