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while its contraindications include prostate malignancy 
and small prostates.[2] Open prostatectomy is performed 
using two approaches: the trans‑vesical  (Freyer’s 
technique) or retropubic (Millin’s technique) techniques. 
The retropubic procedure is more suitable for hemostasis 
maintenance because it provides a direct view of the 
prostate,[3] while hemostasis maintenance is difficult 
in the trans‑vesical procedure because it lacks a direct 
view of the prostate cavity. However, the trans‑vesical 
procedure is useful in obese patients and those with 
concomitant large cystolithiasis and symptomatic 
bladder diverticulum.[4] In this procedure, skin and 

INTRODUCTION

Simple open prostatectomy has a history of more than 
100 years. This procedure was first performed by Freyer. 
Despite the standardization of surgical techniques, this 
procedure is currently the gold standard for removing 
large prostates.[1] The simple open prostatectomy is 
usually performed in patients with benign prostate 
hyperplasia (BPH) and a prostate heavier than 80-100 g. 
However, other indications include concomitant large 
cystolithiasis and symptomatic bladder diverticulum, 
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the underlying layers are incised under general or spinal 
anesthesia. Then, the bladder is opened extra‑peritoneally[5] 
and the prostate adenoma is removed. The neck of the 
bladder is sutured at 5 and 7 o’ clock using the chromic 
catgut thread size 0 and figure‑of‑eight sutures to obstruct 
the main supplying vessels of the prostate.[6] If the 
hemostasis is not maintained using the basic standard 
techniques, the Malament technique is used by passing a 
nylon thread size 2 around the neck of the bladder for its 
temporal obstruction.[7] If the hemostasis maintenance fails 
again, the next step is the O’Connor technique, in which the 
posterior wall of the prostate cavity is plicated transversely 
using an absorbable thread.[8]

Insertion of surgicel sheets inside the prostate loge is 
another method for maintaining hemostasis.[9] According 
to Thumann et  al., the use of cellulose oxidase in 
trans‑vesical prostatectomy allows the surgeon to repair 
the bladder primarily without a cystostomy catheter. 
They reported that this technique was more effective than 
other hemostasis‑maintaining techniques.[10] Moreover, 
Goodyear and Beard showed that using cellulose oxidase 
in trans‑vesical prostatectomy was more effective than other 
techniques for hemostasis maintenance. Furthermore, they 
used a urethral catheter into the prostate loge in addition 
to cellulose oxidase.[11]

In addition to cellulose sheets, a urethral catheter balloon 
was inserted into the prostate loge in the previous clinical 
trials. However, the presence of the balloon in the prostate 
loge can affect postoperative blood loss. Therefore, we 
inserted the urethral catheter balloon into the bladder 
while the cellulose oxidase was inserted into the prostate 
loge to eliminate the mentioned effect. Moreover, we 
collected all fluid from bladder irrigation  (from the 
intra‑operative insertion of the urethral catheter to 
bladder irrigation cessation in the ward) and assessed its 
hemoglobin levels for precise assessment of postoperative 
blood loss.

MATERIALS AND METHODS

Study design and participants
The present study was a double‑blinded randomized 
controlled clinical trial including 54 patients in two groups 
of 27. The patients and researchers, but not the surgeon, 
were blinded by the intervention assignment. The study 
was performed in the Al‑Zahra and Khorshid Hospitals 
of the Isfahan University of Medical Sciences from June 
2021 to June 2022, and the study protocol was approved 
by the Ethics Committee of the university. Furthermore, all 
patients gave written informed consent for participation, 
and the study was registered at the IRCT with the register 
code 20200825048515N47.

The inclusion criteria of the present study were all patients 
presented to the Al‑Zahra and Khorshid hospitals who were 
indicated for simple open prostatectomy due to BPH with 
negative urine culture, while the exclusion criteria included 
a history of any surgical intervention on the prostate, current 
use of antiplatelet or anticoagulant drugs and any herbal 
medicine, a history of inherited bleeding disorders, a history 
of any underlying disease such as diabetes mellitus and 
hypertension, any intra‑operative complications (prostate 
capsule rupture, ureter injury, etc.), use of another anesthesia 
technique rather than spinal anesthesia, and refusal to 
participate. The group allocation was performed using the 
simple random allocation rule by the generated random 
digit number by the statistical software. We generated the 
two comparison groups using simple randomization, with 
an equal allocation ratio, by referring to a generated list 
of random numbers. Intervention allocation concealment 
was done by using sealed, opaque envelopes. During the 
surgery and after the enucleation of the prostate adenoma, 
sealed, opaque envelopes were picked randomly by the 
circulating surgical technician without replacement, and the 
surgeon was informed of the patient’s group assignment. 
The patients receiving card 1 were included in the Surgicel 
group, while those receiving card 2 were considered the 
control group.

Surgical procedure and main study outcome evaluations
All patients were operated on by a single surgeon, and 
the IPSS of the patients were evaluated before the surgery 
using seven standard IPSS questions. The patients 
underwent spinal anesthesia using 2.5-4 cc of bupivacaine 
and were then positioned in the lithotomy position. First, 
cystoscopy was performed using a 17 F cystoscope and 
30° and 70° lenses  (Karl Storz SE and Co., Germany) to 
evaluate the urethra, bladder, and prostate. Then, the 
patients were positioned in the supine position to perform 
the trans‑vesical prostatectomy using Freyer’s technique. 
In the first group, after enucleating the prostate adenoma 
and making figure‑of‑eight sutures at 5 and 7 o’clock in 
the neck of the bladder, a 2‑way 20 F urethral catheter was 
inserted. Then, two Surgicel sheets  (Emosist 10 × 20  cm, 
Mascia Brunelli Spa, Italy) were inserted into the prostate 
loge for prostate adenomas weighing 75 g or less. For larger 
prostates, another Surgicel sheet was inserted for each 25 g 
weight higher than the limit of 75 g. However, no Surgicel 
sheet was inserted in the control group. Other steps of the 
procedure were the same in both groups. Finally, an 18 F 
Malecot catheter was inserted in the cystostomy for bladder 
irrigation.

Hemoglobin and hematocrit levels of the patients were 
assessed in both groups before the operation, during 
the insertion of the urethral catheter, 24 h, and 48 h after 
the surgery by assessing the venous blood samples (2 cc). 
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Moreover, the patients with hemoglobin levels lower than 
9  g/dL or symptoms indicating insufficient oxygenation 
were indicated for blood transfusion, and the number 
of packed cells received by each patient was recorded. 
Furthermore, all fluids from bladder irrigation (from the 
intra‑operative insertion of urethral catheter to bladder 
irrigation cessation in the ward) were collected, and its 
hemoglobin levels were assessed directly by centrifuging 
the collected fluid using a hematology cell counter (Cell‑Dyn 
3200). Any urethral catheter obstruction was recorded, and 
the urethral catheters were removed at the first outpatient 
visit 7  days after discharge. Then, any potential urinary 
retention after the urethral catheter removal was evaluated. 
Finally, the IPSS of the patients was assessed in the third 
outpatient visit (4 weeks postoperation) using 7 standard 
IPSS questions.

Statistical analysis
The quantitative variables were described using the mean and 
standard deviation, whereas the qualitative variables were 
described using frequency and percentage. Data normality 
was investigated using the Kolmogorov − Smirnov test and 
Q‑Q chart. Moreover, comparisons of the basic quantitative 
variables were performed using the independent samples 
t‑test, while the Chi‑square test was used for basic 
qualitative variables. The main study variables (hemoglobin 
and hematocrit) underwent intergroup and intragroup 
comparisons using the repeated measures analysis of 
variance  (ANOVA). The assumption of sphericity was 
evaluated using Mauchly’s test, and if not confirmed, 
multivariate ANOVA was used. The mean values of the 
main study variables were compared between the groups 
in each assessment using the independent samples t‑test, 
and the obtained P  value value was adjusted using the 
Bonferroni method. Mean change of the value of IPSS was 
evaluated in each group compared to before intervention 
using paired sample t‑test and between group difference 
was evaluated using independent samples t‑test. In 
addition, postoperative hemoglobin lost in bladder lavage 
fluid was compared using the independent samples t‑test 
at the end of the study. Furthermore, intragroup and 
intergroup comparisons of IPSS were performed using the 
paired t‑test and independent samples t‑test, respectively. 
The number of packed cells received by the patients and 
complications, including urethral catheter obstruction and 
urinary retention urethral catheter removal, was compared 
using the Chi‑square or Fisher’s exact tests.

RESULTS

The present study included 54 patients with a mean age 
of 71.98 ± 6.2 years [Figure 1]. The patients were divided 
into two groups of 27, and there was no significant 
intergroup difference in age, body mass index, prostate 

size, prostate‑specific antigen, and preoperative IPSS, 
hemoglobin level, and hematocrit [Table 1].

According to our findings, hematocrit and hemoglobin 
levels decreased significantly in both groups compared to 
preoperative assessment (Ptime < 0.001), while there was no 
between‑group difference in hematocrit and hemoglobin 
levels  (Pgroup  >  0.05) even after adjusting the potential 
confounding effects of preoperative hemoglobin and 
hematocrit. For both hematocrit and hemoglobin levels 
significant interaction between time and intervention was 
seen (Ptime × group) [Tables 2 and 3].

According to our findings, postoperative blood 
loss  was  s ign i f i cant ly  h igher  in  the  cont ro l 
group  (120.83  ±  46.66  g) compared to the intervention 
group (72.56 ± 32.53 g) (P < 0.001) [Figure 2]. Moreover, the 
mean postoperative hospital stay was 3.26 ± 0.52 days in 
the intervention group and 3.15 ± 0.45 days in the control 
group, showing no significant difference (P = 0.258). Also, 
the intervention and control groups had a comparable mean 
operation duration of 78.70 ± 7.17 min and 82.14 ± 8.93 min, 
respectively, which were not significantly different (P = 0.124).

In both groups, IPSS decreased significantly after the 
operation compared to preoperative values  (P  <  0.001). 
However, there was no between‑groups difference in the 
IPSS decrease (P = 0.58) [Table 4]. Moreover, the groups were 

Enrollment

Allocation

Analysis

Assessed for eligibility (n = 79)

Randomized (n = 54)

Excluded (n = 25)
Not meeting inclusion

criteria

With Surgicel (n = 27) Without Surgicel (n = 27)

Analyzed(n = 27) Analyzed(n = 27)

Figure 1: Patients’ enrollment algorithm.

Table 1: Demographic and basic clinical characteristics 
of study participants
Variables Total (n=54) G1 (n=27) G2 (n=27) P**
BMI 24.82±1.75 24.46±2 25.18±1.3 0.13
Age 71.98±6.28 72.44±5.6 71.51±6.9 0.59
Hb1 13.61±1.5 13.24±1.2 13.98±1.64 0.07
Hct1 40.3±4.3 39.36±4.1 41.24±4.36 0.11
Prostate weight 111.61±35.7 104.1±33.4 119.11±36.92 0.12
PSA 5.61±2.9 5.2±2.6 5.9±3.1 0.37
IPSS 26.72±3.18 27.19±3.1 26.26±3.25 0.28
**Resulted from independent samples t‑test. Hb1=Preoperative Hb; 
Hct1=Preoperative Hct. BMI=Body mass index; PSA=Prostate‑specific antigen; 
IPSS=International prostate symptom score; Hb=Hemoglobin; Hct=Hematocrit
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not significantly different in the number of packed cells 
received after the surgery (intervention group: 6 units and 
22.2%, control group: 7 units and 25.9%) and the number 
of postoperative Foley catheter inactivation (intervention 
group: 7 patients, control group: 6 patients). In addition, no 
acute urinary retention was observed after pulling out the 
urethral catheter in the patients of the two groups.

DISCUSSION

Trans‑vesical open prostatectomy is a gold standard for the 
surgical removal of large prostates. However, intra‑  and 
postoperative blood loss accompanied by this technique 
have always been a challenge for urologist surgeons. 
Various techniques have been suggested to manage this 
problem, one of them is the application of surgicel. The 
present study investigated the effectiveness of this method 
in reducing intra‑  and postoperative blood loss due to 
trans‑vesical prostatectomy.

Oxidized cellulose  (Surgicel) is a chemical hemostasis-
maintaining material with applications in several surgical 
procedures.[12‑14] It was first introduced in 1949 as a 
hemostatic agent.[15] Moreover, upon absorbing the blood, 
it turns brown and can grow up to 10 times in weight and 
volume. In fact, this material is a false clot and stops the 
bleeding by exerting pressure resulting from its increased 
volume.[16,17] Surgicel is mainly used to prevent capillary and 
venous bleeding.[18] In recent years, absorbable hemostatic 
materials, such as collagen, gelatin, and surgicel, have been 
increasingly used due to their high biocompatibility and not 
damaging the surrounding structures.[19‑22]

According to a study by Lin et al., surgicel is superior to 
other absorbable hemostatic materials due to its higher 
biocompatibility.[19] Moreover, it can be used in spinal,[23] 
gynecologic,[18] thoracic,[24] adenoid,[25] and colorectal[26] 
surgeries. Furthermore, this material is used in partial open 
nephrectomy, laparoscopy,[27‑29] and radical laparoscopic 
prostatectomy.[30] The use of these materials is a standard 
method in neurosurgery.[19‑24,31] The blood absorption of 
surgicel starts following 24 h postoperation and lasts for 
weeks.[18] In addition, it has acidic properties and exerts 
an antibiotic effect by reducing the pH of the surrounding 
tissues.[12] It also acts as an antibacterial against aerobic 
and anaerobic bacteria.[32] However, this method has 
disadvantages as well. There have been reports of remaining 
surgicel parts after the surgery, which can be misdiagnosed 
with a mass or abscess, in addition, in some studies a slight 
increase in the rate of infection has been reported when 
using Surgicel, also in rare cases, the increase in the volume 
and pressure of the tubercles on the adjacent organs has 
caused problems, so it is recommended to use this substance 
in sufficient and necessary amounts.[18‑24,31]

According to a study by Goodyear and Beard, using 
cellulose oxidase in trans‑vesical prostatectomy was 
more effective than other techniques for hemostasis 

Figure 2: Postoperative hemoglobin lost in bladder lavage fluid

Table 2: Course of hemoglobin during the study
Group Hb1 Hb2 Hb3 Hb4 P‑time* P‑group* P‑time × group*
1 13.24±1.2 12.45±1.24 11.88±1.38 11.24±1.16 0.001 0.36 <0.001
2 13.98±1.64 13.11±1.52 12.1±1.79 10.98±1.38 <0.001
P** 0.28 0.36 >0.99 >0.99
*Resulted from repeated measures ANOVA; **Resulted from independent samples t‑test with Bonferroni adjustment. Hb1=Preoperative Hb; Hb2=Hb after urethral catheter 
insertion; Hb3=Hb at 24 h after surgery; Hb4=Hb at 48 h after surgery. ANOVA=Analysis of variance; Hb=Hemoglobin

Table 3: Course of hematocrit during the study
Group Hct1 Hct2 Hct3 Hct4 P‑time* P‑group* P‑time × group*
1 39.36±4.1 35.93±3.15 34.88±3.84 33.33±3.2 <0.001 0.44 0.009
2 41.24±4.36 36.91±3.90 35.45±3.92 32.88±3.9 <0.001
P** 0.33 >0.99 >0.99 >0.99
*Resulted from repeated measures ANOVA. **Resulted from independent samples t‑test with Bonferroni adjustment. Hct1=Preoperative Hct; Hct2=Hct after urethral catheter 
insertion; Hct3=Hct at 24 h after surgery; Hct4=Hct at 48 h after surgery. ANOVA=Analysis of variance; Hct=Hematocrit

Table 4: International prostate symptom score changes
Group IPSS1* IPSS2* Pa Pb

1 27.19±3.1 3.7±1.1 0.001 0.58
2 26.26±3.25 3.48±1.28 0.001
*IPSS1: Preoperative IPSS; IPSS2: IPSS 4 week after surgery, aResulted from paired 
samples t‑test; bResulted from independent samples t‑test. IPSS=International prostate 
symptom score
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maintenance,[11] which was compatible with our results. 
However, the techniques used in the study by Goodyear 
et  al. and the present study were different. Moreover, 
Goodyear et al. inserted the urethral catheter balloon into 
the prostate loge in addition to cellulose oxidase, while 
we inserted the urethral catheter balloon into the bladder. 
Both studies assessed the hemoglobin and hematocrit 
changes, which depended on the patient’s hydration status 
at sampling time. However, we collected all fluid from 
bladder irrigation (from the intra‑operative insertion of the 
urethral catheter to bladder irrigation cessation in the ward) 
and assessed its hemoglobin levels for precise assessment 
of postoperative blood loss, showing a significantly higher 
blood loss in the control group (120.83 ± 46.66 g) compared 
to the intervention group (72.56 ± 32.53 g, P < 0.001)

Riba et al. reported the case of obstruction in the posterior 
urethra after using surgicel in open prostatectomy.[33] This 
was also a concern of ours in the present study. According 
to a study by Uribe et  al., surgicel turns into a mucoid 
material after exposure to urine for 5  days or longer,[34] 
which resolved our concern because the researchers of 
the present study kept the urethral catheter in its place for 
7 days after the trans‑vesical prostatectomy. Moreover, we 
did not report any case of urinary retention after urethral 
catheter removal due to the urethral placement of surgicel.

The present study’s strengths included using a precise 
method for postoperative blood loss assessment. Moreover, 
the present study was a randomized controlled trial. 
However, the study had a limitation as well. In the present 
study, the urethral catheter was routinely removed 
7  days after the surgery. Therefore, regarding potential 
complications, such as urethral catheter obstruction, our 
results cannot be generalized to cases in which the urethral 
catheter is removed in the first days after the operation.

CONCLUSION

According to our results, cellulose sheets can reduce 
intra‑  and postoperative blood loss in trans‑vesical 
prostatectomy without increasing the chance of 
postoperative complications, such as urethral catheter 
obstruction and urinary retention after urethral catheter 
removal. However, further studies are needed to confirm the 
validity of Surgicel application in reducing postoperative 
blood loss due to trans‑vesical prostatectomy.
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