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Abstract

Background and Objectives—Prior studies suggest a possible association between the use of

neuraxial-general anesthesia and a decrease in prostate cancer recurrence after radical

prostatectomy. We examine the correlation of a spinal anesthesia-only technique on prostate

cancer recurrence.

Methods—Charts from consecutive radical prostatectomy patients of 3 experienced urologists

from January 1999 to December 2005 were reviewed. In addition to the usual clinical and

pathologic predictors of disease recurrence, patient records were queried for the type of anesthesia

(general versus spinal) performed. A Cox proportional hazards model was used to determine the

statistical significance of predictors of biochemical recurrence.

Results—A total of 1,964 patients—1,166 and 798 receiving spinal with sedation or general

anesthesia, respectively—had complete preoperative and follow-up data. In univariate

proportional hazards analysis, the use of general anesthesia was associated with a trend towards an

increased risk of biochemical recurrence when compared with the use of spinal anesthesia (hazard

ratio = 1.29, 95% confidence interval [CI] 0.99–1.66, P=0.053). In multi-variable analysis, the

effect size (hazard ratio = 1.10, 95% CI 0.85–1.42, P=0.458) was diminished by clinical and

pathologic variables.
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Conclusions—This was a retrospective study of patients with prostate cancer who have

undergone radical prostatectomy during a time period when the practice of anesthesia for

prostatectomy at our institution was transitioned from spinal to general anesthesia. In our study,

when controlling for other predictors of advanced prostate cancer, the type of anesthetic given

during prostatectomy had no effect on the risk of biochemical recurrence.

INTRODUCTION

Increasing evidence has suggested that the use of regional anesthesia during oncologic

surgery may modify the risk of cancer recurrence.1 As an adjunct to general endotracheal

anesthesia, regional anesthesia can decrease volatile anesthestic requirements,(2, 3) decrease

opioid requirements,(4, 5) block activation of the sympathetic nervous system,(6, 7) attenuate

immunosuppression,(8, 9) improve tissue oxygenation,(3, 10) decrease post-operative pain(11),

and promote innate anti-tumor factors through the effects of local anesthetic.(2)

For patients with prostate cancer, radical prostatectomy can be a curative treatment.(12)

When the surgery is performed through an open incision, such as with radical retropubic

prostatectomy (RRP), adequate anesthesia can be achieved through multiple modalities:

general anesthesia, neuraxial (spinal or epidural) anesthesia, or a combination of general and

neuraxial anesthesia. Prior studies evaluating the oncologic benefit of regional anesthesia

have studied epidural anesthesia as an adjunct to general anesthesia versus general

anesthesia alone. They found mixed results: either a significant reduction in risk of

biochemical recurrence;(13) a significant reduction in risk of clinical recurrence, but not

biochemical recurrence,(14, 15) or no significant difference.(16–18) Those authors who found a

positive association between regional anesthesia and decreased cancer recurrence attributed

the association to a combination of decreased volatile agent during general anesthesia and

decreased opioid requirement intra- and post-operatively. None of these studies have

examined the oncologic benefit of neuraxial anesthesia alone versus general anesthesia.

In the early 2000s, the preferred anesthetic modality for RRP at our institution was

transitioned from spinal anesthesia with sedation to general anesthesia. This change created

a dichotomous cohort of patients for whom a distinguishing factor was whether they

received spinal anesthesia or general anesthesia, thus allowing us to examine the oncologic

benefit of neuraxial (spinal) anesthesia without general anesthesia.

METHODS

This study was approved by the Johns Hopkins Institutional Review Board, which waived

the requirement for written informed consent. Charts from consecutive radical prostatectomy

patients of three experienced urologists (HBC, JLM, AWP) from January 1999 to December

2005 were reviewed. During this period, urologists at our institution changed their preferred

mode of intraoperative anesthesia for RRP from spinal anesthesia with sedation to general

endotracheal anesthesia in an attempt to decrease the total anesthesia time and the inter-

provider variability in the efficacy of intrathecal anesthesia; no other major changes in

delivery of anesthesia- or surgery-related care to RRP patients changed during this period.

Twelve patients received epidural anesthesia during this study period; these patients were
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excluded from the analysis. All 3 urologists had extensive experience performing RRPs

before the start of the study period, continued to operate at a consistent rate throughout the

duration of the study, and had no significant changes to their surgical technique during this

transition.

Patient clinical characteristics that were extracted included age, weight, height, and

American Society of Anesthesiologists (ASA) physical status. Commonly used pre- and

postoperative pathologic predictors of prostate cancer progression—including prostate-

specific antigen (PSA), clinical stage, Gleason sum, number of biopsy cores positive,

maximum percentage core involvement, and pathologic stage—were extracted from the

institutional radical prostatectomy database. The perioperative data—including total

anesthesia time (anesthesia in-room time to anesthesia end time), total surgery time (surgery

start to surgery end times), and primary mode of anesthesia—were extracted from the

anesthesia record.

Biochemical recurrence was defined as a postoperative PSA ≥0.2 ng/mL.(19) Patients were

considered to have the outcome of interest if they had biochemical recurrence, or if they had

radiographic evidence of local recurrence or distant metastatic disease. Patients who did not

experience the outcome of interest or died from other causes were censored at the time of

their last follow-up or at the time of death, respectively.

Statistical Analysis

Preoperative characteristics were compared between men who had spinal and general

anesthesia using appropriate comparative tests (t-test, rank-sum, and chi-squared). The

cumulative incidence of disease progression was estimated using the Kaplan-Meier method

and comparison was evaluated based on the log-rank test. Univariate Cox proportional

hazards analysis was used to determine the statistical significance of predictors of time to

biochemical recurrence. Because the allocation of patients to spinal or general anesthesia

was not randomized, a propensity score was calculated for each patient using a logistic

regression of pre-operative clinical characteristics to calculate the probability of receiving

spinal versus general anesthesia. A multivariable model was created using predictors of

clinical and statistical significance. Tests for nonproportional hazards using Schoenfeld

residuals(20) and visual inspection resulted in non-significant findings in all analyses.

Statistical significance was considered at P <0.05.

RESULTS

A total of 1,964 patients—1,166 and 798 receiving spinal with sedation and general

anesthesia, respectively—had follow-up data available. Although spinal anesthesia was

mostly given during the earlier portion of the study period and general anesthesia was

mostly given during the latter portion of the study period, both modalities were used in cases

throughout. Men who received general anesthesia tended to have more advanced disease, as

evidenced by significantly more advanced clinical stage, higher biopsy and pathologic

Gleason sum (Table 1). There was no significant change in the ASA status of patients, and

while the anesthesia time decreased by a statistically significant amount, the surgery time

also decreased (Table 1).
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Men who underwent surgery with general anesthesia also had a higher proportion that

experienced biochemical recurrence. Men who had spinal anesthesia with sedation had an

unadjusted 5- and 10-year biochemical recurrence-free survival (BFS) of 88.2% and 83.5%,

compared with a 5- and 10-year BFS of 85.7% and 80.7% (log-rank test P = 0.049, Fig. 1)

for men who underwent general anesthesia.

In univariate proportional hazards analysis, the use of general anesthesia was associated with

a trend towards an increased risk of biochemical recurrence when compared with the use of

spinal anesthesia with sedation (hazard ratio = 1.29, 95% confidence interval 0.99–1.66,

p=0.053, table 2). However, when the type of anesthesia given was used in a multi-variable

analysis, the effect size (hazard ratio = 1.10, 95% confidence interval 0.85–1.42, P=0.458)

was diminished by clinical and pathologic variables. Both clinical (pre-operative PSA,

clinical stage, Gleason sum) and pathologic (pathologic stage, Gleason sum) variables were

significantly associated with increased risk of biochemical recurrence, although only

pathologic variables were included in the multi-variable analysis due to the strong

correlation between pre- and postoperative variables (Table 2). The addition of a variable

representing the propensity score for spinal versus general anesthesia to the multivariable

analysis did not change the significance of the other variables in the model.

DISCUSSION

To our knowledge, this is the first published study of spinal anesthesia as the primary

anesthesia modality (versus general anesthesia) to examine the correlation of intraoperative

type of anesthesia and cancer recurrence for RRP patients. In our retrospective study of

prostate cancer patients undergoing radical prostatectomy during a time period when the

practice of anesthesia for prostatectomy at our institution was transitioned from spinal

anesthesia with sedation to general endotracheal anesthesia, the type of anesthetic given

during prostatectomy had no effect on the risk of biochemical recurrence, after controlling

for other predictors of advanced prostate cancer. Prior clinical studies have suggested a

possible link between anesthetic type during oncologic surgery and cancer recurrence,

particularly for breast,(21) colorectal,(22–24) and gynecologic(25) tumors. The evidence for an

association between decreased prostate cancer recurrence and neuraxial anesthesia, however,

has been mixed.

Prior studies examining this issue have compared a combined neuraxial (epidural)-general

intraoperative anesthesia to general anesthesia. Early studies evaluating the oncologic

benefit of regional anesthesia for prostatectomy found that epidural anesthesia as an adjunct

to general anesthesia conferred a protective effect compared with general anesthesia alone.

The first study published on the subject was able to show a statistically significant decrease

in the risk of biochemical recurrence among patients who received an epidural in addition to

their general anesthetic, when compared to those who did not have an epidural.(13) The

authors proposed the difference could be attributed to a reduction in volatile anesthetic use

or post-operative opioid use, although neither of these was quantified in those studies.

Subsequent positive studies have found a significant reduction in clinical recurrence—which

was defined as radiographic evidence of recurrent disease—for those who received epidural-
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general anesthesia.(14, 15) However, no other study found an increased risk of biochemical

recurrence.

Other studies, however, have not found a significant difference in clinical or biochemical

recurrence.(16–18) These negative studies include the only trial with patients randomized to

either general anesthesia or combined general-epidural for radical prostatectomy.(16) In that

trial, the primary outcome had been pain control and blood loss, and a secondary analysis

was performed to evaluate disease recurrence.

In each of these previous studies, all of the study patients received general anesthesia. The

addition of epidural analgesia was thought to reduce patient exposure to opioids during and

after surgery through improved pain control. Patients may also have had decreased exposure

to volatile anesthetics, as well, if the epidural was used intra-operatively. Our study is

unique because patients who received spinal anesthesia at our institution did not receive any

volatile anesthetic intraoperatively, although they did receive sedation, which typically

consisted of a propofol infusion.

The strengths of our study include the large sample size, which comes from being at a

referral center where 2 of the 3 urologists studied perform prostatectomy exclusively, as

well as follow-up data that includes a median of 4 to 5 years for both groups. However, there

are several potential limitations to our work. This was a retrospective study where the choice

of anesthestic type was not randomized, but based primarily on the time period in which the

patient had their surgery. Although no obvious changes in surgical technique, anesthesia

monitoring, or other perioperative care took place during this time period, we cannot

exclude every potential temporal confounder. We were also not able to capture and account

for other factors (eg, temperature, blood administration) that may contribute to perioperative

cancer recurrence. One possible reason for the absence of a positive finding in our study is

the relatively lower rate of biochemical recurrence in our cohort, when compared with prior

studies. Also, other studies have suggested that part of the decrease in cancer recurrence

from the use of epidurals may be modulated by a decrease in intraoperative and

postoperative opioid use, which was not captured in our dataset. It is possible that

intraoperative neuraxial anesthesia may have a favorable oncologic benefit if the physiologic

benefits of neuraxial anesthesia are extended well into the postoperative period; however,

none of our patients received postoperative epidural analgesia.

In summary, we examined the oncologic effects of spinal anesthesia as the primary

anesthesia modality (versus general anesthesia) in a large cohort of RRP patients. Although

this is one of the largest cohorts studied to date, we found no difference in prostate cancer

recurrence between patients who received intraoperative spinal anesthesia versus general

anesthesia. The absence of a positive association between prostate cancer recurrence and

spinal anesthesia in our study suggests that the relationship between neuraxial anesthesia

and prostate cancer may have more facets than previously estimated, including the

contribution of postoperative analgesia or other intraoperative factors. The results of

ongoing randomized clinical trials of neuraxial anesthesia in surgery for breast (NCT

00418457), lung (NCT 01179308, NCT 00684229), and colon (NCT 00684229) cancer may

help elucidate some of those relationships.
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Figure 1.
Kaplan-Meier unadjusted estimate of biochemical recurrence from prostate cancer after

radical prostatectomy using spinal versus general anesthesia (p=0.049)
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Table 1

Demographic, clinical, and pathologic characteristics of patients undergoing radical prostatectomy

Spinal (n=1,166) General (n=798) P-value†

Median age (IQR) 58 (54–62) 58 (54–63) 0.127 (rank-sum)

Median BMI, kg/m2 (IQR)‡ 26.6 (24.8–28.9) 26.9 (25.1–29.6) 0.022 (rank-sum)

No. clinical stage (%)*

T1 918 (78.9) 648 (81.6) 0.067

T2 242 (20.8) 140 (17.6)

T3 3 (0.3) 6 (0.8)

Median preop PSA, ng/ml (IQR) 5.5 (4.2 – 7.6) 5.4 (4.1 – 7.8) 0.329 (t-test)

No. biopsy Gleason sum (%)

5–6 934 (80.1) 573 (71.8) < 0.001

7 (3+4) 154 (13.2) 143 (17.9)

7 (4+3) 57 (4.9) 50 (6.3)

8–10 21 (1.8) 32 (4.0)

No. positive cores (%)¶

1 242 (41.1) 195 (34.2) 0.020

2 139 (23.6) 132 (23.1)

3 or more 208 (35.3) 244 (42.7)

No. max percent core involvement (%)§

1–5 33 (6.4) 26 (5.1) 0.004

6–50 309 (59.4) 255 (50.4)

51–100 178 (34.2) 225 (44.5)

No. pathological Gleason sum (%)

5–6 791 (67.8) 492 (61.7) 0.005

7 (3+4) 248 (21.3) 178 (22.3)

7 (4+3) 73 (6.3) 75 (9.4)

8–10 54 (4.6) 53 (6.6)

No. pathologic stage (%)

pT2 (organ confined) 869 (74.5) 572 (71.7) 0.162

pT3a/b (extraprostatic extension) 254 (21.8) 182 (22.8)

pT3c (seminal vesicle invasion) 33 (2.8) 30 (3.8)

Lymph node-positive 10 (0.9) 14 (1.7)

No. with(out) biochemical recurrence (%)
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Spinal (n=1,166) General (n=798) P-value†

No recurrence 1041 (89.3) 684 (85.7) 0.018

Recurrence 125 (10.7) 114 (14.3)

Median ASA (IQR) 2 (2 – 2) 2 (2 – 2) 0.147 (rank-sum)

Median anesthesia time, min (IQR) 150 (136–165) 144 (125–165) < 0.001 (t-test)

Median surgery time, min (IQR) 112 (99 – 125) 107 (91 – 121) 0.005 (t-test)

Median follow-up time, years (IQR) 4 (2 – 9) 5 (3 – 7) 0.505 (t-test)

†
Chi-square test except where noted.

‡
In 1,143 and 503 men who received spinal and general anesthesia, respectively.

*
In 1,163 and 794 men who received spinal and general anesthesia, respectively.

¶
In 589 and 571 men who received spinal and general anesthesia, respectively.

§
In 520 and 506 men who received spinal and general anesthesia, respectively.

Reg Anesth Pain Med. Author manuscript; available in PMC 2015 July 01.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Tseng et al. Page 11

Table 2

Hazard ratio (HR) estimates for risk of biochemical recurrence after radical prostatectomy in 1,964 men with

prostate cancer (of whom 239 had evidence of biochemical recurrence)

Univariate HR P-value Multivariate HR P-value

Age 1.00 (0.98–1.02) 0.818 0.99 (0.97–1.01) 0.380

BMI* 1.05 (1.01–1.10) 0.016

Clinical stage†

 T1 (ref)

 T2 2.03 (1.54–2.68) < 0.001

 T3 4.83 (1.79–13.0) 0.002

PSA

 < 10 ng/ml (ref)

 10 ng/ml or greater 3.51 (2.65–4.64) < 0.001 1.73 (1.28–2.33) < 0.001

Biopsy Gleason sum

 5–6 (ref)

 7 (3+4) 2.92 (2.15–3.97) < 0.001

 7 (4+3) 5.81 (4.03–8.36) < 0.001

 8–10 6.59 (4.21–10.3) < 0.001

Positive cores‡

 1 (ref)

 2 2.18 (1.37–3.45) 0.001

 3 or more 2.33 (1.54–3.53) < 0.001

Max percent core involvement§

 1–5 (ref)

 6–50 1.06 (0.46–2.44) 0.896

 51–100 1.64 (0.71–3.77) 0.247

Pathological Gleason sum

 5–6 (ref)

 7 (3+4) 3.93 (2.75–5.62) < 0.001 2.52 (1.73–3.67) < 0.001

 7 (4+3) 11.7 (8.09–16.9) < 0.001 5.75 (3.84–8.62) < 0.001

 8–10 15.3 (10.5–22.3) < 0.001 7.64 (5.05–11.6) < 0.001

Pathologic stage

 pT2 (organ confined, ref)

 pT3a/b (extraprostatic extension) 5.25 (3.93–7.02) < 0.001 3.06 (2.24–4.17) < 0.001

 pT3c (seminal vesicle invasion) 14.7 (9.80–21.9) < 0.001 5.20 (3.35–8.08) < 0.001

 Lymph node-positive 17.1 (9.82–29.9) < 0.001 4.81 (2.66–8.70) < 0.001

ASA 1.18 (0.87–1.59) 0.280
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Univariate HR P-value Multivariate HR P-value

Anesthesia time, min 1.00 (1.00–1.01) 0.029 1.00 (0.99–1.01) 0.596

Surgery time, min 1.00 (1.00–1.01) 0.034

Anesthesia type

 Spinal (ref)

 General 1.29 (0.99–1.66) 0.053 1.10 (0.85–1.42) 0.458

*
In 1,646 men, of whom 200 had biochemical recurrence.

†
In 1,957 men, of whom 238 had biochemical recurrence.

‡
In 1,160 men, of whom 147 had biochemical recurrence.

§
In 1,026 men, of whom 141 had biochemical recurrence.
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