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䉬

CHEMOTHERAPY, endocrine therapy, and radiation
therapy all have significant roles in the treatment of
breast cancer, but surgical removal of the tumor offers
the best prospect for a good prognosis.1 However, the
process of surgery inevitably induces a profound neuroendocrine, metabolic, and cytokine response.2 A consequence of this stress response is transient perioperative inhibition of immune function.3
Regional anesthesia is known to prevent or attenuate
the surgical stress response by blocking afferent neural
transmission, which prevents noxious afferent input
from reaching the central nervous system.4 Paravertebral
anesthesia is a regional anesthesia technique that is suitable for breast surgery when applied in the upper thoracic region.5 We have previously demonstrated its efficacy in suppressing the stress response to breast surgery,
although without a concomitant reduction in factors
associated with tumor cell angiogenesis.6 As importantly, paravertebral analgesia reduces the need for opioids, which themselves impair immune function.7,8
Experimental studies have shown that a number of
perioperative factors, including regional anesthesia and
optimum postoperative analgesia, independently reduce
the metastatic burden in animals inoculated with a strain
of breast adenocarcinoma.9 –11 It is plausible that inhibition of the surgical stress response by paravertebral
anesthesia might attenuate perioperative factors that enhance tumor growth and spread. However, the effect of
anesthetic technique on breast cancer outcome has not
been evaluated in the clinical setting. In a retrospective
analysis of existing medical records, we compared local
recurrence and metastases in patients who had breast
cancer surgery with and without paravertebral analgesia.
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Materials and Methods
After approval by the Ethics Committee of the Mater
Misericordiae University Hospital, Dublin, Ireland, we
reviewed the medical records of 165 patients who underwent mastectomy with axillary clearance or simple
complete mastectomy between September 2001 and December 2002. Only the records from patients with a
palpable breast lesion were included because the risk of
recurrence is high in these patients. Furthermore, patients with smaller, screen-detected lesions tend to have
less extensive operations that do not require paravertebral blocks and would have an extremely low incidence
of recurrence over a longer time frame than we could
review. We thus excluded patients who presented only
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Background: Regional anesthesia is known to prevent or attenuate the surgical stress response; therefore, inhibiting surgical stress by paravertebral anesthesia might attenuate perioperative factors that enhance tumor growth and spread. The
authors hypothesized that breast cancer patients undergoing
surgery with paravertebral anesthesia and analgesia combined
with general anesthesia have a lower incidence of cancer recurrence or metastases than patients undergoing surgery with general anesthesia and patient-controlled morphine analgesia.
Methods: In this retrospective study, the authors examined
the medical records of 129 consecutive patients undergoing
mastectomy and axillary clearance for breast cancer between
September 2001 and December 2002.
Results: Fifty patients had surgery with paravertebral anesthesia and analgesia combined with general anesthesia, and 79
patients had general anesthesia combined with postoperative
morphine analgesia. The follow-up time was 32 ⴞ 5 months
(mean ⴞ SD). There were no significant differences in patients
or surgical details, tumor presentation, or prognostic factors.
Recurrence- and metastasis-free survival was 94% (95% confidence interval, 87–100%) and 82% (74 –91%) at 24 months and
94% (87–100%) and 77% (68 – 87%) at 36 months in the paravertebral and general anesthesia patients, respectively (P ⴝ
0.012).
Conclusions: This retrospective analysis suggests that paravertebral anesthesia and analgesia for breast cancer surgery
reduces the risk of recurrence or metastasis during the initial
years of follow-up. Prospective trials evaluating the effects of
regional analgesia and morphine sparing on cancer recurrence
seem warranted.
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lymph node involvement (1 ⫽ no axillary lymph nodes
involved; 2 ⫽ up to three axillary lymph nodes involved;
3 ⫽ more than three axillary lymph nodes involved).12 A
score below 3.4 indicates a good outcome, and a score
between 3.4 and 5.4 suggests an intermediate prognosis.
In addition, we recorded the tumor margins, if the tumor
was estrogen positive, and if the patient received chemotherapy, radiation therapy, or endocrine therapy. The
patient-scored pain rating on the 11-point Likert scale at
4 and 24 h after surgery was also retrieved from the
record.
If the most recent follow-up documentation in the
hospital records exceeded 3 months from the date of our
assessment, we contacted the patient’s general practitioner by telephone to ensure that no consultation had
occurred in the interim.
We recorded the data in coded form on an Excel
(Redmond, WA) spreadsheet and imported it into SAS
statistical software (Cary, NC) for analysis. Normally distributed continuous variables were compared with independent sample t tests, and nonnormal variables were
compared with Mann–Whitney U tests; categorical variables were compared with chi-square tests or Fisher
exact tests, as appropriate. A Kaplan-Meier log-rank test
was used for univariable analysis, and Cox proportional
hazards regression was used for multivariable analysis of
the time to recurrence of cancer between groups. Factors considered for the multivariable model were age,
family history of cancer, tumor size, histologic grade,
duration of surgery, and blood loss. All factors significant
at P ⬍ 0.25 were retained in the model. Associations
with P ⬍ 0.05 were deemed statistically significant.

Results
We reviewed the medical records of 129 patients who
underwent mastectomy and axillary clearance between
September 2001 and December 2002 and who met our
inclusion criteria. An additional 65 patients who had
surgery during that period did not qualify. Fifty qualifying patients had surgery with paravertebral anesthesia
and general analgesia, and 79 had general anesthesia
with postoperative morphine analgesia. The follow-up
time was 32 ⫾ 5 months (mean ⫾ SD). There were no
significant differences in patient characteristics. The median pain score was less in the paravertebral patients
than in those receiving postoperative morphine analgesia (table 1).
Paravertebral analgesia was deemed unsuccessful in
two patients, one in recovery and one after 16 h. These
patients were given morphine patient-controlled analgesia, but their data were analyzed as part in the paravertebral group. No other paravertebral patients required
morphine. Three patients in the general anesthesia
group developed infections (4%), compared with two
(4%) in the paravertebral group. No patient in either
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for wide local excision with sentinel-node axillary sampling, patients with cancers detected by the National
Breast Screening Programme (because screen-detected
cancers are less severe), and patients undergoing plastic
or reconstructive surgery.
Paravertebral anesthesia was introduced to our department in September 2001. Local departmental policy was
to offer it in combination with general anesthesia to
patients undergoing extensive breast surgery involving
axillary node clearance. In these patients, a catheter was
inserted before induction of anesthesia into the ipsilateral paravertebral space at the level of T2 or T3 using a
standard technique (paravertebral group).5 Each of these
patients was given a 0.2-ml/kg bolus of 0.25% levobupivacaine before induction of general anesthesia. An infusion of 0.25% plain levobupivacaine was continued for
48 h postoperatively. The same anesthetist (D.J.B.)
placed all of the paravertebral catheters, the same surgeon performed all of the operations, and the same
oncologist cared for all of the patients.
General anesthesia was induced with 0.5 g/kg fentanyl and 1.5–3.0 mg/kg propofol. After placement of a
laryngeal mask airway, anesthesia was maintained with
spontaneous breathing of 2–3% sevoflurane in nitrous
oxide and oxygen. All patients received diclofenac, 100
mg rectally, preoperatively after induction of general
anesthesia. Morphine boluses, 0.05 mg/kg, were given to
patients in either group intraoperatively, at the discretion of the anesthetist.
All patients studied were under the care of the same
surgeon. Patients cared for by anesthetists other than
D.J.B. were not offered paravertebral anesthesia because
the technique had been introduced into our department
only recently. These patients, and those who declined
paravertebral anesthesia or in whom it was contraindicated, received balanced general anesthesia with postoperative patient-controlled morphine analgesia (general
anesthesia group). Patient-controlled analgesia was administered via a CADD-Legacy ambulatory infusion
pump (model No. 6300; Deltec Inc., St. Paul, MN) using
a 1-mg morphine bolus and a lockout time of 6 min.
The main outcome measure was the incidence of metastatic spread or cancer recurrence through August 2005
(i.e., follow-up interval of 2.5– 4.0 yr). We obtained demographic data; tumor size, grade, type, and estrogen
receptor status; the extent of axillary nodal disease;
whether postoperative or preoperative adjuvant chemotherapy or radiation therapy was used; and the patients’
current status as determined by documentation of their
follow-up visits to the outpatient clinics or their general
practitioners. In addition, we assigned a Nottingham
Prognostic Index, a score for which the prognosis for
breast cancer is based on the formula: 0.2 (tumor size) ⫹
histologic grade (1 ⫽ grade 1, least aggressive tumor
appearance on histology; grade 2 ⫽ intermediate appearance; grade 3 ⫽ most aggressive appearance) ⫹ axillary
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Table 1. Anesthetic and Surgical Factors
Paravertebral (n ⫽ 50)

Age, yr
Time from surgery to recurrence or last follow-up, months
Duration of surgery, min
Intraoperative blood loss, ml
Pain score 4 h, Likert score
Pain score 24 h, Likert score

57
36
90
100
1
1

[51–64]
[24–36]
[69–120]
[100–200]
[0–3]
[0–2]

General Anesthesia (n ⫽ 79)

56
36
90
100
3
2

[50–64]
[24–40]
[60–105]
[100–100]
[2–5]
[0–4]

P Value

0.95
*
0.35
0.017
0.02
0.04

Likert scale: 0 ⫽ no pain; 10 ⫽ worst pain imaginable. Data are presented as median [interquartile range] and compared by Mann–Whitney test.
* P value not meaningful; see survival analysis results.

Discussion
Development of postoperative cancer recurrence and
metastases may be analogous to development of postoperative surgical wound infection. All surgical wounds
become contaminated with bacteria perioperatively.
Whether contamination becomes a clinical infection depends critically on the patient’s immune status. Furthermore, there is considerable evidence that the “decisive
period” for establishment of clinical infections is largely
restricted to the intraoperative period and subsequent
few hours.13,14 Perioperative factors such as maintaining
normothermia15,16 or providing supplemental oxygen17,18 thus modulate infection risk— even though infections are not detected clinically until days later.
As with the bacterial contamination that inevitably accompanies operations, surgery to remove primary breast
cancer inadvertently disseminates tumor cells into both
surrounding tissues and the systemic circulation.18 And as
with the progression from bacterial contamination to clinical infection, progression from local or circulating tumor
cells to clinical recurrence and metastases likely depends
on the host defense mechanisms.9 –11,19 Perioperative factors influencing immune competence may thus modulate
the risk of recurrence or metastasis.3,9 –11

Table 2. Breast Cancer Details

Tumor size at histology, cm
Histologic grade
Grade I
Grade II
Grade III
Lymph node status
Stage 1
Stage 2
Stage 3
Nottingham Prognostic Index
Estrogen receptor positive
Tumor margins after excision, cm
Chemotherapy received
Radiation therapy received
Chemotherapy and radiation therapy received
Endocrine therapy received

Paravertebral (n ⫽ 50)

General Anesthesia (n ⫽ 79)

P Value

4.0 ⫾ 4.9

4.6 ⫾ 7.4

0.19†
0.16†

8 (16)
21 (42)
21 (42)

8 (10)
28 (36)
42 (54)

22 (58)
4 (11)
12 (31)
4.5 ⫾ 1.4
38 (76)
1.5 ⫾ 0.8
24 (51)
36 (77)
22 (47)
27 (54)

35 (57)
8 (13)
19 (30)
4.7 ⫾ 1.7
46 (59)
1.1 ⫾ 0.7
43 (58)
60 (81)
39 (52)
44 (56)

0.94†

All data are mean ⫾ SD or number of patients (%). Chi-square test unless noted.
* t test. † Mann–Whitney test.
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0.38*
0.20
0.10*
0.45
0.55
0.48
0.85
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group received a blood transfusion. Preoperatively, none
of the patients were taking oral opioids, and only one
patient in each group was using oral steroid therapy.
Tumor presentation and prognostic factors were similar
in the two groups. Both groups had a mean Nottingham
Prognostic Index score in the intermediate range. Moreover, the incidence of chemotherapy, radiation therapy,
and endocrine therapy after the initial surgical treatment
did not differ significantly between the groups (table 2).
Recurrence or metastasis was documented in 3 of 50 patients (6%) in the paravertebral group and in 19 of 79
patients (24%) in the general anesthesia group during the
follow-up period (table 3). When adjusting for the varied
duration of follow-up for each patient with a Kaplan-Meier
analysis, the paravertebral group had slower time to recurrence (P ⫽ 0.013, log-rank test; fig. 1). Furthermore, in a
multivariable analysis adjusting for histologic grade (P ⫽
0.25) and axillary node involvement (P ⫽ 0.01), the risk of
recurrence was significantly less in the paravertebral group
(P ⫽ 0.012; estimated hazard ratio [95% confidence interval], 0.21 [0.06 – 0.71]).
Only one patient, assigned to the general anesthesia
group, died during the follow-up period. Both lung and
bony metastases were found in this patient.
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Table 3. Cancer Recurrence

Crude recurrence
Percent of patients recurrence-free at 24 months (95% CI)
Percent of patients recurrence-free at 36 months (95% CI)
Recurrence location
Local or axillary nodes
Liver metastasis
Bone metastasis
Lung metastasis

Paravertebral (n ⫽ 50)

General Anesthesia (n ⫽ 79)

3 (6)
94 (87–100)
94 (87–100)

19 (24)
82 (74–91)*
77 (68–87)†

1
1
1
0

11
3
3
2

* P ⫽ 0.038 comparing groups on Kaplan-Meier estimates at 24 months (z test).
test).

Perioperative immune competence is impaired by several factors, the most obvious being surgery per se,
which elicits a profound neuroendocrine and cytokine
flux. This stress response impairs numerous immune
functions including a marked attenuation of natural killer
cell function.9 –11,16,19 Natural killer cells are thought to
play a central role in preventing tumor dissemination
and establishment.3 The stress response to surgery is
attenuated by regional anesthesia, including paravertebral anesthesia.2,6 Experimental studies in rats, for example, show that surgical stress is attenuated better by
regional than by general anesthesia and that, consequently, natural killer cell function is better preserved
and metastatic load to the lungs is reduced.9
A second factor influencing perioperative immune
competence is anesthesia per se. Anesthetic drugs impair
numerous immune functions, including neutrophil and
natural killer cells.7,18,20,21 Patients with concomitant
regional anesthesia might require less general anesthesia
and thus perhaps have less anesthetic-induce immune
impairment. But the major effect of regional analgesia is
to spare patients postoperative opioids. This is an important effect because opioids, including the one most commonly used—morphine—inhibit both cellular and hu-

Fig. 1. Univariable association between paravertebral block and
cancer recurrence, P ⴝ 0.013 log-rank test. The association
remained significant (P ⴝ 0.012) in a multivariable model adjusting for histologic grade and number of axillary nodes.
Anesthesiology, V 105, No 4, Oct 2006

† P ⫽ 0.007 comparing groups on Kaplan-Meier estimates at 36 months (z

moral immune function.7,8 Consequently, optimum
analgesia helps to preserve natural killer cell function in
animals and reduces metastatic spread of cancer.10 Furthermore, morphine is proangiogenic and promotes release of survival-enhancing factors that augment breast
tumor growth.22
We speculate that regional anesthesia and analgesia
thus might help to maintain perioperative immune function both by reducing general anesthesia requirements
and by sparing postoperative opioids. To the extent that
paravertebral anesthesia and analgesia help to maintain
normal perioperative immune function, the technique
seems likely to reduce the risk of tumor recurrence or
metastasis. Our analysis is consistent with this theory:
Paravertebral anesthesia and analgesia for breast cancer
surgery reduced the risk of recurrence or metastasis
fourfold during a 2.5- to 4-yr follow-up period.
This study has several important limitations inherent in
its retrospective, observational design. Patients were not
randomized and clinical care was not standardized, so
that selection bias and the effects of unmeasured confounding variables cannot be excluded. For example,
patients in the general anesthesia group had slightly
larger tumors, smaller margins, and higher chemotherapy rates than patients in the paravertebral group, factors that could affect mortality, although these differences did not reach statistical significance. Relevant
information such as the amount of morphine given and
the type of chemotherapy used in each group was not
available in the records. Therefore, this study should be
viewed as generating a hypothesis and an estimated
effect size for future large randomized controlled trials,
which are being planned and which will require several
years for execution and analysis. However, even a
smaller effect size would be clinically important, making
this hypothesis an important one to pursue, especially
given its biologic plausibility according to the arguments
presented above.
In summary, we observed a substantial reduction in
tumor recurrence and metastases when breast cancer
surgery was performed with paravertebral anesthesia
and analgesia. Cancer surgery releases tumor cells into
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Data are number (%) or Kaplan-Meier survival estimate (95% confidence interval).
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surrounding healthy tissue and into the systemic circulation. We speculate that whether these cells become
established as recurrent cancer or metastases is likely to
depend on immune competence in the immediate perioperative period. Regional anesthesia and analgesia may
help to preserve immune function by attenuating the
surgical stress response and diminishing the need for
opioids. Although limited by its retrospective design, our
study suggests that prospective trials evaluating the effects of regional analgesia and morphine sparing on
cancer recurrence are warranted.
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