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Purpose: This study was to evaluate the characteristics of selective spinal anesthe-
sia using 1 mg of bupivacaine combined with fentanyl or sufentanil in elderly pa-
tients undergoing transurethral resection of prostate. Materials and Methods: Fif-
ty-six patients were randomized into two groups. The Fentanyl group received 
0.5% hyperbaric bupivacaine 0.2 mL+fentanyl 20 μg+5% dextrose 1.4 mL, and 
the Sufentanil group received 0.5% hyperbaric bupivacaine 0.2 mL+sufentanil 5 
μg+5% dextrose 1.7 mL intrathecally. Intraoperative and postoperative characteris-
tics were evaluated. Patient satisfaction was assessed postoperatively. Results: 
Twenty-six patients in each group completed the study. The median peak sensory 
block level was similar between two groups, but sensory regression time was lon-
ger in the Sufentanil group than the Fentanyl group (p=0.017). All patients were 
able to move themselves to the bed without any aid when they arrived at the ad-
mission room. Pain scores were lower in the Sufentanil group than the Fentanyl 
group at postoperative 6, 12, and 18 hours (p=0.001). Compared to the Fentanyl 
group, the Sufentanil group required less postoperative analgesia (p=0.023) and 
the time to the first analgesic request was longer (p=0.025). Twenty-four of 26 pa-
tients (92.3%) in each group showed “good” satisfaction level. Conclusion: Selec-
tive spinal anesthesia using 1 mg of bupivacaine with fentanyl or sufentanil pro-
vided appropriate sensory block level with spared motor function for transurethral 
resection of the prostate in elderly patients. Intrathecal sufentanil was superior to 
fentanyl in postoperative analgesic quality.
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INTRODUCTION

Benign prostatic hyperplasia (BPH) has a high prevalence of over 60% in males 
older than 60 years;1 whereas the prevalence thereof up to 90% in patients older 
than 80 years.2 Since BPH is associated with old age, surgery is usually performed 
in patients with various comorbidities. The comorbidity rate is over 60% in elderly 
patients who undergo transurethral resection of the prostate (TURP), thus directly 
affecting perioperative morbidity and mortality after TURP.3-6 
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0162) and registered at www.ClinicalTrials.gov (ref: NCT 
01608334). Fifty six patients who underwent elective TURP 
at the Severance Hospital were prospectively enrolled be-
tween August 2011 and January 2012. Written informed 
consent was obtained from all patients. Patients with histo-
ries of back surgery, infection in the back, coagulopathy, 
hypersensitivity to local anesthetics or opioids, mental distur-
bance, or neurological disease were excluded. 

Prior to this study, we performed a dose-finding study us-
ing an up-and-down method to investigate minimum effec-
tive dose of bupivacaine necessary to obtain sensory block 
of T12 level for TURP. As 4 mg of bupivacaine was shown 
to be a successful dosage in our previous study,4 we started 
from 3 mg of bupivacaine. The drug solution (total 2 mL) 
consisted of 0.5% hyperbaric bupivacaine (Heavy; Hana 
Pharm., Seoul, Korea), fentanyl 20 μg or sufentanil 5 μg, 
and 5% dextrose solution. When 3 mg was successful, the 
dosage was lowered to 2 mg on the next patient; if it failed, 
the dosage was increased to 4 mg on the next patient (Fig. 
1). During the study, spinal block with 1 mg of bupivacaine 
was consecutively successful in 4 patients. We decided not 
to further decrease the dosage due to ethical reasons and 
performed an interim analysis. Upon statistical analysis of 
the data, the ED50 and ED95 of bupivacaine were 0.97 mg 
(CI 83%) and 1.05 mg (CI 95%), respectively, in the sufen-
tanil group (Group S), while a fitting error occurred in the 
fentanyl group (Group F) and none of the calculations 
showed up. Hence, we redesigned the study to evaluate the 
sensory block level and anesthetic characteristics after spi-
nal block using 1 mg of bupivacaine combined with fentan-
yl or sufentanil. 

Patients were allocated to two groups by using a comput-
er-generated sequence of numbers and sealed envelopes. An 
independent investigator prepared the drugs (total of 2 mL), 
0.5% hyperbaric bupivacaine and opioids, by using 1 mL in-
sulin syringes to minimize an aberration of the amount of 
drug. These solutions were mixed with a 5% dextrose solu-
tion in 2 mL sterile syringes and given to the anesthesia ad-
ministrator. All drugs were prepared sterilely at room tem-
perature. The anesthesia administrator, patients, and the 
outcome investigator were blinded to the allocated groups. 
Group F received 0.5% hyperbaric bupivacaine 1 mg (0.2 
mL)+fentanyl 20 μg (0.4 mL)+5% dextrose solution 1.4 mL 
(total 2 mL) and Group S received 0.5% hyperbaric bupiva-
caine 1 mg (0.2 mL)+sufentanil 5 μg (0.1 mL)+5% dextrose 
solution 1.7 mL (total 2 mL) intrathecally. Drug densities 
were measured in five identical samples of drug solution 

Spinal block, the most common anesthetic technique for 
TURP, has been conventionally shown to block up to 10th 
thoracic dermatome.7 Pain sensations from the prostate and 
bladder are conducted by sympathetic (S2‒4, T11‒L2) and 
parasympathetic outputs (S2‒4). The autonomic nerve sup-
ply to the penile urethra also comes from the S2‒S4, and the 
other part of perineum is supplied by somatic branches of 
the pudendal nerve (S2‒4).8,9 Considering the pain pathway 
and differential spinal blockade pattern, sensory block up to 
T12 is adequate for TURP, as Beers, et al.10 suggested. More-
over, sensory block levels are approximately 3‒4 derma-
tomes higher in those of older age than in young adults.11,12 
The sympathetic block level is generally 1‒4 segments high-
er than the analgesia level.13,14 Thus, in elderly patients, high 
sympathetic block is frequent during spinal block, which 
may explain frequent cardiovascular side effects, compared 
to young adults.12,14 Therefore, it is important to restrict the 
block level in elderly patients. 

Selective spinal anesthesia (SSA) is defined as “the prac-
tice of employing minimal doses of intrathecal agents so that 
only the nerve roots supplying a specific area and only the 
modality that require to be anesthetized are affected.”15 Thus, 
SSA is more appropriate in elderly patients.7 Additionally, 
rapid recovery with spared motor function is a tremendous 
boost to patient satisfaction.16 To the best of our knowledge, 
1.5 mg of bupivacaine is the lowest dose for spinal anesthe-
sia ever reported,17 but the effectiveness of sole bupivacaine 
is controversial.18 Notwithstanding, it is well known that co-
administered intrathecal opioid enhances anesthetic quality, 
duration, and success rate when low-dose local anesthetic is 
used.4,19,20 Intrathecally administered fentanyl or sufentanil 
can rapidly be diffused into the spinal cord and bound to opi-
oid μ receptor due to their lipophilic essentials.21 When they 
are given with even low dose bupivacaine, the anesthetic 
quality of spinal block is enhanced as well.4,19-21 

Thus, we designed this prospective, randomized, double-
blind study to evaluate the sensory block level and anes-
thetic characteristics after spinal block using 1 mg of bupi-
vacaine with fentanyl or sufentanil in elderly patients who 
were undergoing TURP. In addition, we compared the qual-
ity of the block with co-administered fentanyl or sufentanil. 

MATERIALS AND METHODS

This study was approved by the Institutional Research Board 
of Yonsei University Health System (IRB number: 4-2011-
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complete motor block; 2=able to move feet only; 3=able to 
move feet and bend knees; 4=able to perform a straight leg 
raise <30°; 5=able to perform a straight leg raise >30°).22 
Three expert urologists performed all the surgeries sepa-
rately. Plain lubricant without local anesthetic was used to 
insert the endoscope. Mean arterial pressure (MAP), heart 
rate (HR), and SpO2 were measured every 5 minutes until 
the end of surgery. We planned to treat hypotension (de-
creased to MAP <30% of baseline) or bradycardia (<45 
bpm) with ephedrine or atropine. Considering systemic ab-
sorption of irrigating fluid, small amounts of intravenous 
fluid were maintained during operation.

In the post anesthetic care unit (PACU), a blinded investi-
gator assessed motor block upon regression of two sensory 
dermatomes. Prior to discharge from the PACU, the patients 
were asked of their satisfaction level: good (I would choose 
this technique if I needed a re-operation), fair (was satisfac-
tory, but I would reconsider this method if I needed a re-op-
eration), or poor (not satisfactory). When the patients arrived 
at the ward, they were allowed to move to the bed by them-
selves without aid if they did not perceive any changes in 
motor power.23 An outcome investigator assessed the pain 
scores using a verbal numerical rating scale for pain (0=no 
pain and 10=worst pain imaginable) every 6 hours for 36 
hours post-operatively. Analgesic requirements, first anal-

used in each group using Gay-Lussac-Hofmann’s method at 
room temperature. The mean densities of fentanyl-mixed so-
lution and sufentanil-mixed solution were 1.0172±0.0003 g 
mL-1 and 1.0182±0.0006 g mL-1, respectively. 

No premedication was given. We administered 300 mL 
of lactated Ringer’s solution to each patient before perform-
ing the spinal anesthesia as a routine process. After standard 
monitoring of blood pressure, electrocardiogram, and SpO2, 
spinal puncture was performed through the midline ap-
proach at L3‒4 or L4‒5 with a 25 G Quincke needle in a 
lateral decubitus position. After checking the free flow of 
clear cerebrospinal fluid, the drug was administered over 10 
seconds and barbotage was performed gently. Patient was 
immediately placed in a supine horizontal position and then 
placed in a 10° head-down position. Before anesthesia, pa-
tients were informed about the methods of cold, sensory, 
and motor assessments by the anesthesia administrator. The 
cold and sensory block levels were assessed bilaterally on 
the mid clavicular line using an ice cube and pinprick (22 G 
hypodermic needle) every 2 minutes until the peak level 
was reached. The peak block level was defined as the level 
that persisted over four consecutive tests. When the peak 
sensory and cold blocks were obtained, the loss of touch 
sense to light finger touch was assessed. And the motor 
block was measured using a modified Bromage scale (1= 

Fig. 1. Consecutive dose of bupivacaine for successful spinal block in fentanyl group and sufentanil group. White circle, successful block; 
black circle, insufficient block. F, fentanyl; S, sufentanil. 
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3.0.1. Patient characteristics, time to peak block level, and 
time to two-segment regression were analyzed using Stu-
dent’s t-test. Inter-group differences in peak block levels, 
maximum motor block, time to the first analgesic require-
ment, and post-operative pain scores were compared using 
the Mann-Whitney U test. Categorical data (analgesic re-
quest and side-effects) were compared using the χ2 test. Sta-
tistical significance was considered when p<0.05 and was 
not mentioned when p value was not significant.

RESULTS
 

Of a total of 62 patients assessed for eligibility, 56 subjects 
were randomized into two groups and 4 patients were ex-
cluded from the study due to failed puncture (n=1) and pro-
longed surgery (n=3) (Fig. 2). Consequently, 52 patients 
completed the study. 

Patient characteristics were comparable between the two 
groups (Table 1). Forty of the 52 patients (76.9%) had more 
than one co-existing disease. MAP and HR were stable dur-
ing the procedure in both groups. No significant differences 
were observed in MAP and HR between the two groups at 
each time point (Fig. 3). 

Spinal anesthetic characteristics are presented in Table 2. 
Cold, sensory, and touch peak block levels were not differ-
ent between the two groups. Time to peak block was similar 
in the two groups. In both groups, the cold block level was 1 
segment higher than pinprick block level, but there was no 
significant difference between the two block levels. In com-

gesic request time, and side effects, such as nausea/vomit-
ing, post-dural puncture headache (PDPH), or pruritus, 
were evaluated. 

Statistical analysis
A sample size calculation was performed based on our pre-
vious study,5 in which mean±SD difference of dermatomes 
in the peak analgesia level was 2±2.5. To detect differences 
in two levels between the two groups (two-sided α of 0.05 
and power of 80%), 25 patients were required in each group. 
We included 28 patients per group with a possible 10% drop-
out rate.

Statistical analysis was performed using IBM SPSS Sta-
tistics 19.0 (SPSS Inc., Chicago, IL, USA) and R version 

Fig. 2. CONSORT flow diagram. F, fentanyl; S, sufentanil.

Table 1. Patient Characteristics
Group F (n=26) S (n=26)
Age (yrs)   73.1±6.1   71.7±5.2
Weight (kg)   66.7±8.4   68.1±7.0
Height (cm) 164.0±6.0 167.4±3.8
Operation time (mins)     30.0±16.9     30.7±17.1
Co-existing disease
    Hypertension 14 16
    Diabetes   4 10
    Coronary artery occlusive 
      disorder   2   3

    Old cerebrovascular accident   2   2
    Chronic obstructive pulmonary 
      disease   1   3

    Others (tumor, thyroid disorder)   4   0
F, fentanyl; S, sufentanil.
Values are mean±SD.

Excluded (n=6)
• Not meeting inclusion criteria (n=5)
• Declined to participate (n=1)
• Other reasons (n=0)

Enrollment Assessed for eligibility (n=62)

Randomized (n=56)

Allocated to Group F (n=28)
• Received allocated intervention (n=27)
• Did not receive allocated intervention
   (failes puncture) (n=1)

Lost to follow-up (switch to general  
anesthesia due to prolonged surgery) (n=1)

Analysed (n=26)
• Excluded from analysis (n=0)

Allocated to Group S (n=28)
• Received allocated intervention (n=28)
• Did not receive allocated intervention (n=0)

Lost to follow-up (switch to general anesthesia 
due to prolonged surgery or bleeding) (n=2)

Analysed (n=26)
• Excluded from analysis (n=0)

Allocation

Follow-up

Analysis
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parison, the level to touch sense loss was significantly lower 
than cold or pinprick block in both groups (p=0.001) (Table 
2). And 23 patients (88.5%) of Group F (n=26) and 20 pa-
tients (76.9%) of Group S (n=26) scored 5 on the motor 
block scale, and the rest of the patients scored 4 at the time 
of peak block.    

Two patients (7.7%) in each group were given supplemen-
tal fentanyl 50 μg or sufentanil 10 μg intraoperatively (Table 
2). Time to regression of two sensory dermatomes was sig-
nificantly longer in Group S than Group F (p=0.017). The 
motor block scale score at that moment was a 5 in all pa-
tients. Table 3 lists postoperative characteristics. In Group S, 
the postoperative analgesic requirement was less and the 
time to the first analgesic request was longer than that for 
Group F (p=0.023, p=0.025). Nausea or vomiting did not oc-
cur in any patients. On the other hand, pruritus and PDPH 
occurred in 3 and 1 patients in Group S, respectively. And 
postoperative pain scores were significantly lower in Group 
S than Group F at 6 (p=0.003), 12 (p=0.014), and 18 hours 
postoperatively (p=0.034) (Fig. 4). The satisfaction levels 
of both groups were similar (92.3% reported good satisfac-
tion in each group). 

DISCUSSION

As the demand of one-day surgery has increased, the de-
mand for the anesthetic techniques that can provide fast re-
covery with stable hemodynamics has also increased. In el-
derly patients requiring spinal anesthesia, restricted block 
with a low-dose of local anesthetic is desirable. In the cur-
rent study, SSA using 1 mg of bupivacaine combined with 
fentanyl 20 μg or sufentanil 5 μg provided sufficient anes-
thesia for TURP. Postoperative analgesic requirement was 
less in Group S (7.7%) than in Group F (34.6%). 

Conventionally, 10‒12.5 mg of intrathecal bupivacaine is 
administered to obtain a sensory block up to T10 for TURP. 
However, such doses frequently induce high sympathetic 
block, cardiovascular instability, and intense motor block in 
elderly patients.15,18,24 In the present study, 76.9% of patients 
had more than one systemic disease, which is comparable to 
the results of previous studies.3-5 Since a decrease in MAP 
after spinal block is correlated with sympathetic block, it is 
important to restrict the block level in elderly patients. As 
mentioned earlier, an analgesia level up to T12 could pro-
vide sufficient anesthesia for TURP considering the pain 
pathway and sympathetic block level.10 

Fig. 3. Mean arterial pressure and heart rate changes during procedure. F, 
fentanyl; S, sufentanil; MAP, mean arterial pressure; HR, heart rate.

Table 2. Anesthetic Characteristics
Group F (n=26) S (n=26)
Peak block level
    Sensory T12 (S1–T6) T11 (L4–T6)
    Cold T11 (S1–T6) T10 (L4–T6)
    Touch   L3 (S2–T12)*   L3 (L5–T11)*
    Motor      5 (4–5)      5 (4–5)
Intraoperative analgesics 2 2
Bradycardia 0 1
At 2-sensory dermatomes 
  regression
    Time from the peak block 
      (mins) 39.6±16.9 52.8±20.6†

    Motor block scale 5 5
F, fentanyl; S, sufentanil. 
Values are mean±SD, median (range) or number. Motor block scale: 1, 
complete motor block; 2, able to move feet only; 3, able to move feet and 
bend knees; 4, able to straight leg raise <30°; 5, able to straight leg raise 
>30°. 
*p<0.001 compared with cold or sensory within each group.
†p<0.05 compared with Group F.

Table 3. Postoperative Characteristics
Group F (n=26) S (n=26)
Analgesic requirement 9   2*
Time to 1st-analgesics (hrs)  2.1 (0.2–12) 3.15 (3–3.3)*
Nausea and vomiting 0 0 
Pruritus 0 3
PDPH 0 1
Satisfaction (good/fair/poor) (24/2/-) (24/2/-)

F, fentanyl; S, sufentanil; PDPH, postdural puncture headache. 
Values are median (range) or number. 
*p<0.05 compared with Group F. 
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er recovery in spinal anesthesia,26 this could be negligible 
with ultralow-dose bupivacaine. 

Group S demonstrated a longer time to sensory regression 
and better postoperative analgesia than Group F (Table 2 and 
3). These characteristics may be related to the density of the 
drug solution and physiochemical properties such as dose, 
lipid solubility, and affinity to the opioid μ receptor. The den-
sity of the drug solution could be a major factor affecting the 
intrathecal spread of a drug.26 In a spinal model, intrathecal 
anesthetic spread was found to be influenced by a density 
difference as small as 0.0006 mg/mL.27 Although the densi-
ties of fentanyl and sufentanil are similar,27 the density of the 
sufentanil-mixed solution that we used was higher than the 
fentanyl-mixed solution (1.0182±0.0006 vs. 1.0172±0.0003). 
This difference could be a factor for the different anesthetic 
characteristics between two groups. Also, we selected the 
doses of fentanyl (20 μg) and sufentanil (5 μg) to compare 
the efficacy. However, we observed a little greater propor-
tion of sufentanil than a dose ratio of 4.4:1, which was re-
ported as an equipotent dose ratio of fentanyl and sufent-
anil.28 Thus, this difference in dose ratio could be a factor in 
prolonged postoperative analgesia in Group S. Sufentanil is 
8‒10 times more lipid-soluble than fentanyl, however, the 
difference in lipid solubility may not be an important factor 
for intrathecal action because the drugs have more direct 
access to the spinal nerves through the cerebrospinal fluid.28 
Also, the high affinity of sufentanil to the μ-opioid receptor 
in the spinal cord may increase the duration of the sensory 
block while preserving motor function.29 

There are some limitations in this study. We calculated the 
sample size with expectation of different sensory block level 
between two groups, based on our previous study.4 Howev-
er, peak sensory block levels were similar in both groups. 

For spinal block in short transurethral procedures, 3 mg 
of bupivacaine combined with fentanyl 20 μg, used in a 
study by Zohar, et al.,25 was the lowest dose ever reported. 
Through a dose-response study prior to the present study, 
we found that even 1 mg of bupivacaine combined with fen-
tanyl or sufentanil provides sufficient sensory block while 
sparing motor function. Thus, we thought it worthy to inves-
tigate the effectiveness of 1 mg of bupivacaine with opioid 
in spinal block for elderly patients undergoing TURP. 

In our present study, the median sensory block levels 
were comparable between both groups (Group F, T12 vs. 
Group S, T11). Even though the block range varied (Group 
F, S1‒T6 vs. Group S, L4‒T6), every surgery was completed 
successfully within 1 hour. However, this extremely small 
dose may not be appropriate for large prostates or other types 
of surgery. Compared to a previous study,4 peak sensory 
block levels were similar and stable hemodynamics persisted 
in both studies. In this current study, however, time to senso-
ry regression and postoperative analgesia were shorter, and 
motor function was more preserved. In the previous study,4 
48.6% of patients showed a motor block scale score <4 (able 
to raise their legs, but unable to keep them raised) at peak 
sensory block, and 8.5% of patients still showed a motor 
block scale score <4 at the time of two sensory dermatomes 
regression. Nevertheless, all patients moved themselves to 
the bed without aid when they arrived at the admission room 
in this study. Spared motor function allows for more rapid 
discharge and increases patient satisfaction. Patients who 
showed “good” satisfaction commented that spared motor 
function made them feel more comfortable. Ten of 52 pa-
tients who had experienced spinal anesthesia before were 
more satisfied with this method. Even though impaired 
functional motor balance may remain long after motor pow-

Fig. 4. Verbal numerical rating scales (vNRS) for pain during 36 hours after surgery. Box plot with median (solid line), interquartile range 
(box), and values within 1.5 times the interquartile range (whiskers). Outliers are indicated by circles. *p<0.05 compared with the Group F. 
F, fentanyl; S, sufentanil.
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Anesth Analg 2007;105:1515-6.

19. Kararmaz A, Kaya S, Turhanoglu S, Ozyilmaz MA. Low-dose 
bupivacaine-fentanyl spinal anaesthesia for transurethral prosta-
tectomy. Anaesthesia 2003;58:526-30.

20. Ben-David B, Solomon E, Levin H, Admoni H, Goldik Z. Intra-
thecal fentanyl with small-dose dilute bupivacaine: better anesthe-
sia without prolonging recovery. Anesth Analg 1997;85:560-5.

21. Hamber EA, Viscomi CM. Intrathecal lipophilic opioids as ad-
juncts to surgical spinal anesthesia. Reg Anesth Pain Med 1999; 
24:255-63.

22. de Santiago J, Santos-Yglesias J, Giron J, Montes de Oca F, Jimenez 
A, Diaz P. Low-dose 3 mg levobupivacaine plus 10 microg fen-
tanyl selective spinal anesthesia for gynecological outpatient lapa-
roscopy. Anesth Analg 2009;109:1456-61. 

23. Imarengiaye CO, Song D, Prabhu AJ, Chung F. Spinal anesthesia: 
functional balance is impaired after clinical recovery. Anesthesiol-
ogy 2003;98:511-5.

Thus, the sample size might not be appropriate for this 
study. Secondly, we do not think that this study can be appli-
cable to every TURP: the characteristics of different ethnic 
groups may affect the generalizability of the results. Based 
on the relationship between ethnic groups and μ-opioid re-
ceptor genes, the mutant variant is more sensitive and prev-
alent in Asian populations, therefore, lower doses may be 
required in Asians.30 Furthermore, since the spinal length 
from C7 to the sacral hiatus would be important in intrathe-
cal drug spread,31 we cannot exclude the influence of height 
on drug spread in this current study: Westerners are gener-
ally taller than Asians. Thus, the block level with an ex-
tremely low-dose of bupivacaine may be different between 
Asians and Caucasians. 

In conclusion, SSA using 1 mg of bupivacaine with fen-
tanyl or sufentanil may be useful for TURP in elderly pa-
tients, especially for ambulatory cases. For this SSA, anes-
thesiologists and urologists need to communicate with each 
other to maintain lower bladder distension pressure. How-
ever, this ultralow dose may not be appropriate for other 
types of surgery.
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