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Abstract

Radical Prostatectomy (RP) has been traditionally associated with significant operative blood loss and high risk of transfusion. However, over
the last few years, centers of excellence have reported less bleeding and transfusion. To verify and document changes in the epidemiology of
bleeding and transfusion of men electing RP, we undertook an analysis of such cases in the Department of Defense (DoD) Center for Prostate
Disease Research (CPDR) Multicenter Research Database. Using the Department of Defense Center for Prostate Disease Research (CPDR)
Multicenter National Research Database, a query of all RPs performed between January 1, 1985 and December 31, 2000 was conducted revealing
2918 cases with blood-loss data available for analysis from nine hospital sites. These cases were analyzed over time (calendar year) and changes
in the characteristics of the patients, disease severity, and surgical results were compared with estimated blood loss (EBL) and transfusion data.
Among the 2918 evaluable men, 2399 (82%) underwent a retropubic RP, 97% had clinical T1-2 disease, and 77% had a PSA level �10.0 ng/mL.
Overall median operation time was 3.8 h, and EBL was 1000 cc. Examining trends over time, there was a dramatic decline in median operative
time, EBL, and transfusion rate. In multiple linear regression analysis, operative time, operative approach, surgery year, lymphadenectomy status,
and neoadjuvant hormonal therapy were significant predictor of EBL. Blood loss difference between retropubic and perineal RP became
insignificant in the latter years. Radical prostatectomy is being performed more commonly on men with earlier stage disease in the PSA-Era. The
operation is now performed more rapidly with less blood loss and fewer transfusion requirements. In a broad practice experience represented here,
autologous blood donation would appear to be unnecessary for the majority of men and the blood loss advantage traditionally associated with
perineal RP is no longer evident. © 2003 Elsevier Inc. All rights reserved.
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1. Introduction

Prostate cancer is the most common solid tumor in
United States males and is the second leading cause of

cancer death [1]. Since the introduction of the prostate-
specific antigen (PSA) screening test in the late 1980s and
increased public awareness of the disease that occurred in
the early 1990s, there has been a marked stage migration to
a preponderance of clinically localized disease [2–4]. Over
two-thirds of men now have localized disease at initial
diagnosis and are candidates for primary local therapy with
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curative intent [2–4]. Options include radical prostatectomy
(RP) with or without nerve-sparing to preserve potency, as
well as external beam radiotherapy, radioactive seed im-
plant brachytherapy and watchful waiting [5–7]. The use of
RP by urologic surgeons has increased dramatically be-
tween the mid-1980s and late 1990s [8–9]. Multiple single
centers of excellence have reported improved outcomes
over time in the PSA-Era including the lowering of stage,
shorter operative times, less blood loss, and fewer compli-
cations [10–11].

Despite the documentation of RP outcomes over time in
the PSA-Era from centers of excellence, very little has been
written documenting these changes from a broad cohort of
patients, outside of academic centers, particularly related to
blood loss and transfusion. The Department of Defence
Center for Prostate Disease Research (DoD) (CPDR) Data-
base [12] is now sufficiently mature with a large cohort of
RP patients enrolled over the last decade to allow meaning-
ful analysis of time trends of demographic, surgical, and
estimated blood loss (EBL)/transfusion data.

The goal of this cohort study is to determine the changes
related to radical prostatectomy within the last decade re-
garding EBL and transfusion data and to determine factors
significantly associated with EBL. We herein report the
largest reported multicenter study of radical prostatectomy
documenting these changes in the PSA-Era.

2. Materials and methods

The clinical information and follow-up have been col-
lected as part of the DoD CPDR Tri-Service Multicenter
Prostate Disease Research Database as described previously
by Sun et al. [12]. Briefly, standardized data collection
forms for prostate biopsy, registration, staging, surgery,
surgical pathology, radiation treatment, hormonal treatment,
cryotherapy, follow-up, and necropsy have been developed
and were used. Data was collected and entered by physi-
cians and data managers, then maintained in a relational

database using MicroSoft (MS) Access software as the front
end and Oracle software as the back end. The CPDR Data-
base has been approved by the Uniformed Services Univer-
sity Research Administration, Institutional Review Board
(IRB) as well as the IRBs of all participating military

Table 1
Participating CPDR sites, total prostate cancer and total radical prostatectomy cases in the database between 1985 and 2000

Abbreviation Full name Total CaP cases RP cases for this study % of RP/total

BAMC Brooke Army Medical Center 771 278 36.1
EAMC Eisenhower Army Medical Center 434 115 26.5
MAMC Madigan Army Medical Center 1225 334 27.3
MGMC Malcolm Grow Medical Center 596 129 21.6
NMCP Naval Medical Center Portsmouth 957 231 24.1
NMCSD Naval Medical Center San Diego 1488 646 43.4
NNMC National Naval Medical Center 1161 105 9.0
WHMC Wilford Hall Medical Center 826 252 30.5
WRAMC Walter Reed Army Medical Center 3323 828 24.9
Overall CPDR National Database 10781 2918 27.1

Table 2
Demographic factors in 2918 RP patients operated between 1985-2000
in this study

Number Percent (%)

Age
�50 138 4.7
51–60 784 26.9
61–70 1623 55.7
�70 369 12.7

Race
White 2150 74.4
African American 575 19.9
Other 166 5.7

Clinical stage (1992 TNM)
T1a/b 102 3.5
T1c 1138 39.5
T2a 869 30.2
T2b 523 18.2
T2c 206 7.2
T3 41 1.4

Pretreatment PSA
0–4.0 684 24.7
4.1–10.0 1448 52.3
10.1–15.0 327 11.8
15.1–25.0 184 6.7
�25.0 125 4.5

Biopsy Gleason
��4 400 17.0
5–6 1316 55.9
7 499 21.2
8–10 138 5.9

Surgical era
1985–1989 207 7.1
1990–1993 750 25.7
1994–1997 1049 35.9
1998–2000 912 31.3

Operative type
Retropubic 2399 82.7
Perineal 501 17.3
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hospitals. The original protocol in use between 1991
through 1998 did not require patients to sign a formal
informed consent document. However, between 1998 and
1999, the IRBs of all sites required patient informed consent
to participate. Data were allowed to be maintained on all
entered data before 1998 through 1999 (exact date varies by
institution) without gaining the patients’ informed consent;
however, no new information on existing living patients or
new enrollees was entered without consent after these dates.

The data query for this study was performed in Decem-
ber 2001. At this time, the overall database contained
345,954 clinical records (i.e., TRUS/biopsy, staging, radical
prostatectomy, follow-up, etc.) on 15,063 patients. Of these
5210 total patients, 2918 underwent a primary RP between
January 1, 1985 and December 31, 2000 (16 years) with
complete information of estimated blood loss and were used
for this study. Table 1 provides the CPDR sites, the total
number of RP cases included in this study, and the percent-
age of these cases of their entire enrolled cohort during the
study interval.

The data fields analyzed for this study included patient
age at surgery, ethnicity/race, clinical stage at diagnosis,
pretreatment prostate-specific antigen (PSA) value, biopsy
Gleason grade, type of radical prostatectomy (retropubic vs.
perineal), nerve sparing surgical status, operative time
(hours), estimated blood loss (cubic centimeters), patho-
logic stage, nodal disease status, surgical margin status,
percentage of autologous blood donated, percentage of
blood transfusion, blood transfusion type, and whether neo-
adjuvant hormonal therapy was administered. Descriptive
statistics were used to analyze trends over time in four
surgical eras: 1985 through 1989, 1990 through 1993, 1994
through 1997, and 1998 through 2000. Furthermore, multi-
ple linear regression analysis was used to determine factors
associated with blood loss. Age at surgery, operative time,
surgery year, biopsy Gleason grade, and log-transformed
pretreatment PSA were continuous variables. Operative ap-
proach (retropubic vs. perineal), lymphadenectomy status
(yes vs. no), surgical margin status (positive vs. negative),
nerve sparing surgical status (yes vs. no), race (black vs. not
black), clinical stage (T1 vs. T2 versus T3), and neoadjuvant
hormonal therapy (yes vs. no) were categorical variables.

3. Results

Table 2 provides the demographics and clinical features
of the 2918 RP patients included in the study. More than
82% of men were between 50 and 70 years of age at the
time of surgery, 74.4% were White, 69.7% were clinical
T1c or T2a, 77% had pretreatment PSA values of less than
or equal to 10.0 ng/mL, 94.1% had a biopsy Gleason grade
sum of �7, and 82.7% underwent a retropubic operation.
With the exception of only 7.1% of the cohort operated on
between 1985 through 1989, the remaining surgical era
groups were relatively evenly matched.

In Table 3, the cohort is examined for surgical factors.
Most notably, 54.7% had an estimated blood loss (EBL) of
�1000 cc and only 8.1% had an EBL of �2500 cc. 42.8%
men donated autologous blood. Surgical pathologic results
included 60.5% with organ-confined disease (�pT2),
97.4% with negative nodes (NO) and 69.7% with negative
surgical margins. Lymphadenectomy was performed in
78.2%, and unilateral or bilateral nerve sparing in 50.6%.
Fully, 43.3% of men were known to have received autolo-
gous or homologous transfusion (31.4% of men received
autologous transfusion and 5.3% received homologous
transfusion).

Table 4 examines changes in demographic and surgical
factors over time in the four time intervals during the study.

Table 3
Surgical factors in 2918 radical prostatectomy patients operated between
1985-2000

Number Percent (%)

Estimated blood loss (cc)
��500 601 20.6
�500–��1000 994 34.1
�1000–��1500 577 19.8
�1500–��2000 309 10.6
�2000–��2500 199 6.8
�2500–��3500 157 5.4
�3500–��4500 62 2.1
�4500 19 0.6

Operative time (hrs)
��3 564 24.2
�3–��4 808 34.6
�4–��6 846 36.3
�6 115 4.9

Autologous units collected
No 1615 57.2
Yes 1211 42.8

Pathologic stage
��T2 1725 60.5
T3a 659 23.1
T3b 209 7.3
T3c 220 7.7
T4a-b 40 1.4

Nodes status
N0 2843 97.4
N1–N2 75 2.6

Margin status
Neg 2034 69.7
Pos 884 30.3

Lymphadenectomy
No 610 21.8
Yes 2187 78.2

Nerve-sparing
Unilateral 445 18.6
Bilateral 765 32.0
No 1180 49.4

Blood transfusion type
Autologous only 892 31.4
Homologous only 151 5.3
Autologous �
Homologous

144 5.1

None 1656 58.2
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There was a significant decline in age at RP, pretreatment
PSA value since 1990, clinical stage disease, median oper-
ative time, median EBL, percentage of autologous donated,
percentage of blood transfusion, pathologic stage T3, mar-
gin positivity, and pelvic lymphadenectomy being per-
formed. Table 5 shows the univariate analysis of factor
associated with EBL. Operative approach, pathologic stage,
margin status, lymphadenectomy, and neoadjuvant hor-
monal therapy were associated with EBL. Operative time,
surgical year and biopsy Gleason Sum were linear corre-
lated with EBL. In multiple linear regression analysis op-
erative time (P � 0.0001), surgical approach (P � 0.0001),
surgical year (P � 0.0001), lymphadenectomy (P � 0.006),
and neoadjuvant hormonal therapy (P � 0.048) were sig-
nificant predictors of EBL.

Fig. 1 shows the mean EBL by single year intervals over
the 16-year study interval; there was a dramatic decline
between 1985 and 1995 and the blood loss has remained
relatively constant between 1996 through 2000. Fig. 2 ex-
amines median EBL by surgical approach. There was a
dramatic improvement in EBL for the retropubic prostatec-
tomy and a slight worsening of EBL for the perineal ap-
proach. Between 1997 and 2000 there was an insignificant
difference in EBL between surgical approaches. Fig. 3 il-
lustrates the association of operative time and EBL over
time. Regardless of the year, shorter operative time was
associated with less blood loss. However, over the last few
years, even longer operations were associated with less
bleeding than in past years. Fig. 4 illustrates that median
EBL was similar regardless of lymphadenectomy status in
recent years. Fig. 5 shows the percentage of patients elect-

ing to donate autologous blood and receiving blood trans-
fusion from 1990 to 2000. Between 1990 through 1994,
approximately 60% of men elected to donate their own
blood collection for use in RP. There was a steady decline
in autologous blood collection between 1995 through 1998
and over the last 3 years, only about 10% of men elected this
procedure. Blood transfusion had the same trend over the
year. Fig. 6 shows the percentage of patients who were
transfused autologous blood only, autologous plus homolo-
gous and homologous only blood. There was a steady de-
cline in autologous blood transfusion from 1990 to 2000.
The percentage of patients received autologous blood only
was less than 10% from 1998 to 2000.

4. Discussion

The most important findings of this study are that blood
loss associated with radical prostatectomy and transfusion
has declined sharply in the last decade as evidenced from
this broad United States experience. Median EBL went from
1800 cc in the 1985 to 1989 period to 800 cc in the 1998
through 2000 interval. This improvement was found to be
because of the decreased operative time, lower stage pa-
tients undergoing the operation, lessened use of lymphade-
nectomy and surgical approach. Specifically related to sur-
gical approach, our findings are novel. Over the entire study,
perineal RP was associated with less EBL. However, this is
the first report, to our knowledge, to show an equilibration
in EBL between perineal and the more common retropubic
RP. By the later time interval, both approaches had a me-

Table 4
Time trend in demographic and selected surgical factors in 2918 radical prostatectomy patients

1985–1989 1990–1993 1994–1997 1998–2000 P value

Median age (years) 66.2 64.7 62.6 62.3 � 0.001
Median PSA level (ng/nL) 5.1 7.1 6.1 5.6 � 0.001
Biopsy Gleason 0.11

% �6 76.1 76.9 71.9 71.3
% �7 23.9 23.1 28.1 28.7

Clinical Stage � 0.001
% c T1 13.6 26.9 50.2 54.9
% c T2 84.5 71.6 48.3 43.9

Surgery type � 0.001
% Retropubic 98.5 90.0 67.8 90.4
% Perineal 1.5 10.0 32.2 9.6

Median operative time (hs) 5.0 4.1 3.7 3.5 � 0.001
Median EBL (cc) 1800 1300 900 800 � 0.001
% Pts. auto blood coll. 81.7 65.7 50.1 10.9 � 0.001
% Transfusion pts. 93.2 70.9 41.6 13.7 � 0.001
Pathology stage � 0.001

% ��p T2 55.3 58.5 57.9 66.2
% ��p T3 44.7 39.3 40.3 33.2

% Margin positive 33.3 32.1 32.0 26.1 0.011
% Having PLND 97.0 93.8 67.5 73.1 � 0.001

EBL � Estimated blood loss; Auto � Autologous; PLND � Pelvic lymph node dissection.
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dian EBL of approximately 800 cc. We attribute this finding
in our health system to a lessened use of perineal RP more
recently resulting in lessened surgical experience and higher
EBL. In this broad experience, the traditional blood loss
advantage to perineal RP [13,14] has generally disappeared.

There are a number of other findings that deserve special
comment. Notably, what is the “accepted” EBL for contem-
porary RP? Less than 15% of patients in this 16-year inter-
val had an EBL of greater than 2000 cc and 8.1% had an

EBL of �2500 cc. Our recent results compare favorably to
other contemporary series. Lepor et al. reported a mean
EBL of 818.6 � 14.9 cc in 1000 RPs performed between
1994 and 2000 [11]. Similarly, Goh et al. reported mean
EBL of approximately 750 cc in 200 RPs from the mid
1990s and Goad et al. reported median EBL going from
1200 to 800 cc in 300 cases between 1983 and 1992 [15,16].
Although bleeding in excess of 2000 cc will occasionally
occur with the best surgeons, a surgeon who exceeds 2000
cc on a more than occasional basis may be subject to
scrutiny.

Another common area of controversy is the issue of
autologous blood. To our knowledge, this is the first study
to document the rapid decline in autologous blood collec-
tion and donation over the PSA-Era. Although autologous
blood donation is still recommended routinely in Japan [18]
and is mandated for discussion to patients in Germany [19],
recent studies from the United States discourage the practice
[15,16,20]. Specifically, Goh et al. and Goad et al. found
homologous transfusion rates at 5% and 11%, respectively,
in more recent years because of lower EBL and autologous
blood donation did not significantly alter this risk [12,13].
Similarly, Goldschlag et al. from Johns. Hopkins found that
homologous transfusion was required in 1% of autologous
donors and 3.5% of nonautologous donors (P � 0.18) and
concluded that the practice did not alter risk of homologous
transfusion [20]. It must be mentioned that these studies
[15,16,20] were all from U.S. centers-of-excellence with
cases derived from well known surgical experts. Our broad
practice data supports these recommendations. Although
autologous blood donation was still done by approximately
10% of RP patients between 1998 through 2000, it is no
longer routinely recommended at any of the participating
centers. If a patient still desires autologous blood donation,
we will generally authorize such collection of up to 2 units.

There are a number of limitations to this study. Estimated
blood loss was estimated based on the CPDR clinical report
form used by surgeons and data managers and with data
generated from the operative anesthesia and/or operative
reports. While there was no standardized way to assess
EBL, i.e., sponge weights, there is no evidence that the error
in standard estimation would have changed over time.
Therefore, the era changes are of considerable value. Be-
cause of the structure of the database, we were not able to
analyze blood loss by the experience level of the surgeon.
We were also unable to analyze the autologous blood donor
patients with respect to postoperative hematocrit, blood
loss, length of hospital stay, and quality of life which would
have added to the value of the review. Despite these limi-
tations, this is the largest and only multicenter study of
blood loss and changes during the PSA-Era. These data will
be useful for quality assurance benchmark assessment in
contemporary radical prostatectomy outcome studies. Fur-
thermore, with the current emergence of laparoscopic radi-
cal prostatectomy, this data on open RP may be useful for
comparison.

Table 5
Univariate analysis of factors associated with EBL in 2918 RP patients
between 1985–2000

Mean Median Range P Value

Age 0.052
�50 1142.1 800 100–4500
50.1–60 1152.9 900 100–5000
60.1–70 1190.3 1000 50–5000
�70 1232.0 1000 100–5000

Biopsy Gleason 0.0004
��4 1315.9 1000 100–4500
5–6 1135.4 900 50–5000
7 1209.6 1000 50–5000
8–10 1148.6 1000 100–4300

Operative time (h) � 0.0001
��3 846.5 650 50–4800
�3–��4 1093.4 900 100–5000
�4–��6 1496.9 1200 100–5000
�6 1927.9 1700 50–5000

Surgery year � 0.0001
1985-1989 2116.1 2000 100–5000
1990-1993 1535.7 1325 101–5000
1994-1997 1152.3 900 50–5000
1998-2000 968.6 800 50–5000

Race 0.01
White 1187.0 1000 50–5000
African-
American

1210.8 900 120–4500

Other 1037.1 800 120–4500
Clinical stage 0.41

T1 1180.1 957.5 100–5000
T2 1190.3 1000 50–5000
T3 964.5 800 200–3100

Operative type � 0.0001
Retropubic 1358.0 1100 50–5000
Perineal 676.3 600 50–5000

pT stage 0.003
T2 1199.7 1000 50–5000
T3 1295.4 1000 100–5000

Margin status 0.007
Neg 1295.8 1000 50–5000
Pos 1191.9 950 100–5000

Lymphadenectomy � 0.0001
No 891.3 700 50–5000
Yes 1328.1 1100 50–5000

Nerve-sparing 0.055
No 1214.8 1000 50–5000
Yes 1236.9 1000 100–5000

Neoadjuvant � 0.0001
No 1257.6 1000 50–5000
Yes 979.3 800 100–5000
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5. Conclusions

Clinically localized prostate cancer is the predominantly
diagnosed stage of disease in the PSA-Era and radical pros-
tatectomy is a very commonly performed operation. Current
era patients are typically younger (early 60s) with the clin-

ical stage T1 disease and a pretreatment PSA level less than
10 ng/mL. As a result, surgery is generally performed in less
than 3.5 h with blood loss less than 1000 cc. The traditional
blood loss advantage of perineal prostatectomy has disap-
peared in this study and retropubic prostatectomy was also
associated with low EBL.

Fig. 1. Trend of median blood loss in 2918 radical prostatectomies between 1985 and 2000.

Fig. 2. Surgical approach and blood loss in 2918 radical prostatectomies between 1985–2000.

452 J.W. Moul et al. / Urologic Oncology: Seminars and Original Investigations 21 (2003) 447–455



Acknowledgments

The opinions or assertions contained herein are the pri-
vate views of the authors and are not to be construed as
official or as reflecting the views of the Departments of the
Army, Navy, or Air Force or the Department of Defense.

The authors are supported by a grant from the Center for
Prostate Disease Research, a program of the Henry M.
Jackson Foundation for the Advancement of Military Med-
icine (Rockville, MD) and the Uniformed Services Univer-
sity of the Health Sciences, funded by the U.S. Army Med-
ical Research and Material Command DAMD17-02-0066.

Fig. 3. Operative time and blood loss over time in 2918 radical prostatectomies.
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