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Amaç: Çalışmamızın amacı parsiyel nefrektomi (PN) operasyonu sırasında hemostatik ajan (HA) kullanımının yaygınlığı ve bu kullanılan HA sayısının 
hastaların tümör boyutu, RENAL nefrometri skoru (NS), iskemi zamanı ve tümör patoloji sonucu ile ilişkisini araştırmaktır. 
Gereç ve Yöntem: Kliniğimizde renal kitle nedeniyle Ocak 2013 - Şubat 2019 tarihleri arasında PN operasyonu geçiren hastaların kayıtları tarandı. 
PN sırasında HA kullanılan 71 hasta çalışmaya dahil edildi. PN sırasında HA kullanılan hastaların demografik özellikleri, operasyon bilgileri, patolojik 
sonuçları ve komplikasyonları kaydedildi. 

Öz

Objective: The aim of this study was to investigate the use and types of hemostatic agents (HAs) used during partial nephrectomy (PN) and the 
relationship of the number of these agents used during surgery with tumor size, RENAL nephrometry score (NS), peroperative ischemia time, and 
postoperative pathology results.
Materials and Methods: Records of patients, who had undergone PN in our clinic due to renal mass between January 2013 and February 2019, were 
retrospectively reviewed. Our study included 71 patients who were administered one or more HAs during PN. Demographic characteristics, operative 
data, and pathological results of patients, who were administered one or more HAs during PN, were recorded.
Results: Cellulose-based agents and polytetrafluoroethylene pledgets were the most frequently used HAs (78.8% and 38%, respectively). The 
patients were divided into two groups according to tumor size (0-4 cm and larger than 4 cm tumors), RENAL NS (low and intermediate-high score), 
ischemia time (0-20 min and longer than 20 min), and tumor pathology result (benign and malignant tumor), and the number of HAs used in each 
group was compared. When the groups were compared separately in terms of number of HAs used, no statistically significant difference was found 
between the groups (p=0.323, p=0.183, p=0.618, and p=0.131, respectively).
Conclusion: HAs are frequently used in our clinic to achieve hemostasis. There was no statistically significant difference in the number of HAs used 
between the groups.
Keywords: Renal mass, Partial nephrectomy, Hemostatic agents

Abstract

What’s known on the subject? and What does the study add?
Hemostatic agents (HAs) are frequently used worldwide to achieve hemostasis during partial nephrectomy (PN). Cellulose based agents 
(78.8%) and polytetrafluoroethylene pledgets (38%) are the more commonly used HAs during the PN in our clinic. There is no publication 
that shows the relationship of the number of HAs used with tumor size, RENAL nephrometry score, ischemia time, and tumor pathology 
results. Therefore, despite our limitations, our work is valuable in this respect.
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Introduction

Partial nephrectomy (PN) surgery, including open partial 
nephrectomy (OPN), laparoscopic partial nephrectomy (LPN) 
and robotic partial nephrectomy (RPN), are favored for the 
management of T1 masses when technically feasible (1). Bleeding 
is among the most important complications associated with this 
surgery. While the rate of this complication is 1.6% following 
OPN, it is 4-6% after LPN (2,3). The most important stage at 
which bleeding can be prevented is ensuring good hemostasis 
during surgery. At this stage, various hemostatic agents (HAs) 
are utilized either alone or in combination with hemostatic 
suturing of the excision base in order to make hemostasis safer 
and minimize the bleeding complication. These HAs have been 
used in renal surgery for 40 years and they act by mimicking, 
facilitating, or bypassing certain steps of the coagulation 
cascade (4,5) (Figure 1).

HAs are commonly used throughout the world in both OPN 
and LPN (6,7). Multicenter studies conducted in Europe and the 
United States have determined the rates of using at least one 
HA in OPN or LPN to be between 67.5% and 86% (6,7). Some of 
these agents facilitate hemostasis during surgery, while others 
contribute to renography by filling the parenchymal defect 
created by tumor excision in addition to facilitating hemostasis 
(5,8,9). On the other hand, other studies have stated that HA 
use did not cause a difference in the bleeding complication 
and could only have an effect in cases of minor bleeding (6,7). 
Some recent studies argue that HAs do not have any effect on 
bleeding complication rates (10,11,12,13,14).

This study aims to investigate the use and types of HAs used 
during PN and the relationship of the number of these agents 
used during surgery with tumor size, nephrometry score (NS), 
peroperative ischemia time, and postoperative pathology results.

Materials and Methods

Records of 91 patients, who had undergone OPN or LPN operation 
in our clinic due to renal mass between January 2013 and 
February 2019, were retrospectively reviewed. A retrospective 
review and analysis was performed following the approval of 
the institutional ethics committee. Patients who had not been 

administered HA during PN (n=8), and patients whose imaging 
records were incomplete (n=12) were excluded from the study. 
Demographic characteristics, operative data, pathological 
results, and complications of patients, who were administered 
one or more HAs during the PN operation, were recorded. Two 
urologists (E.K. and M.Y.Y) used preoperative contrast-enhanced 
abdominal computed tomography (CT) or magnetic resonance 
imaging (diffusion-weighted imaging and/or dynamic contrast-
enhanced imaging) images to determine RENAL NSs. The results 
were crosschecked and confirmed by an uro-radiologist (H.S.). 
The masses were classified into low, intermediate, and high-risk 
tumors based on RENAL. NSs as suggested by Kutikov et al. (15). 
The types and number of HAs used during surgery, as well as the 
total number of HAs used were recorded. 

Open Partial Nephrectomy or Laparoscopic Partial Nephrectomy 
Surgical Technique and the Use of Hemostatic Agent

The decision for choosing OPN or LPN was determined according 
to the RENAL NS and surgeon’s experience. During the PN, both 
the renal artery and the renal vein were dissected and prepared. 
Only the renal artery was clamped during warm ischemia. The 
tumor was excised with cold scissors and removed en-bloc. After 
removal of the mass, excision bed hemostasis was achieved 
with absorbable sutures (2.0 vicryl). The collecting system was 
checked for leaks and if present, the leaks were closed with 
absorbable sutures (3.0 vicryl). The excision cavity was then 
filled with either a cellulose-based agent (Surgicel®; Ethicon, 
Somerville, NJ, USA), gelatin-based sponge (Spongostan® 
(Ferrosan, Copenhagen, Denmark), fibrin sealant (Tachosil®; 
Nycomed, Zurich, Switzerland) or autologous perirenal fat, 
based on the surgeon’s choice and the size of the cavity. 
Polytetrafluoroethylene (PTFE) pledgets (Syneture®; Covedien, 
Mansfield, MA) were used during the renal parenchymal 
approximation to prevent sutures from tearing the parenchyma 
and then the renography was completed. In addition, Weck 
Hem-o-lok clips (Weck Closure Systems Research, Triangle Park, 
NC) were used during suturing and parenchymal approximation 
in LPN. Then, in case of need and based on the surgeon’s choice, 
either hemostatic powder (Bloodcare powder®; Life Line, Brno, 
Czech Republic) or adhesives (Bioglue®; CryoLife, Kennesaw, 
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Bulgular: Selüloz bazlı ajanlar (%78,8) ve politetrafloroetilen pledgets (%38) PN sırasında en sık kullanılan HA’lardır. Tümör boyutu (0-4 cm ve 4 
cm’den büyük tümorler), RENAL NS (düşük puan-orta puan-yüksek puan), iskemi süresi (0-20 dk ve 20 dk’dan uzun iskemi süresi) ve tümör patoloji 
sonucu (benign tümör-malign tümör), kendi içerisinde gruplara ayrıldı ve gruplar içerisinde kullanılan HA sayıları karşılaştırıldı. Kullanılan HA 
sayısı açısından gruplar ayrı ayrı karşılaştırıldığında, gruplar arasında istatistiksel anlamlı fark saptanmamıştır (p=0,323, p=0,183, p=0,618, p=0,131 
sırasıyla).
Sonuç: HA’lar PN sırasında hemostaz aşamasında kliniğimizde çok sık kullanılmaktadır. Çalışma grupları arasında, PN sırasında kullanılan HA sayısı 
açısından istatistiksel fark saptanmamıştır.
Anahtar Kelimeler: Renal kitle, Parsiyel nefrektomi, Hemostatik ajanlar
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GA, USA) alone or in combination were used on the renography 
area. After the reconstruction was completed, the arterial clamp 
was removed and after the bleeding control, the procedure was 
completed. 

Statistical Analysis

The groups were assessed for normal distribution using the 
Shapiro-Wilk test. None of the evaluated parameters was 
normally distributed. The Mann-Whitney U test was used for 
pairwise comparisons and the Kruskal-Wallis Test was used for 
three or more groups. A p value of less than 0.05 was considered 
statistically significant. All analyses were made using the IBM 
SPSS V22. 

Results

Our study included 71 patients who were administered one or 
more HAs during the PN operation. The patients’ demographic 

characteristics, operative data, pathology results, and 
complications are summarized in Table 1.

Patients and HAs Used: The types and distribution of HAs used 
during the PN operations are summarized in Table 2. In 35.2% 
of cases, single HA was sufficient for achieving hemostasis. 
Two HAs were needed in 28.1% and 3 or more additional HAs 
were needed in 36.6% of the patients. Cellulose-based agents 
(Surgicel®) and PTFE pledgets (Syneture®; Covedien, Mansfield, 
MA) were the most frequently used HAs during PN (78.8% and 
38%, respectively). 

The patients were divided into two groups based on tumor 
size (0-4 cm and larger than 4 cm tumors), RENAL NS (low 
and intermediate-high score), ischemia time (0-20 min and 
longer than 20 min), and tumor pathology result (benign-
malignant tumor) and the number of HAs used in each group 
was compared. When the groups were compared separately in 
terms of the number of HAs used, no statistically significant 
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Table 1. Patient Characteristics

Number of patients 71

Median age, year (min-max.)
Mean ± SD

62 (63-77)
59.1±13.6

Sex n, (%)
Male
Female

42 (59.1%)
29 (40.8%)

Operation side n, (%)
Right
Left

30 (42.2%)
41 (57.7%)

Renal tumor location n, (%)
Anterior
Posterior
Upper pole
Mid pole
Lower pole

37 (52.1%)
34 (47.8%)
14 (19.7%)
28 (39.4%)
29 (40.8%)

Median preoperative renal tumor size, cm 
(min-max.)
Mean ± SD

3.5 (1-15)
4.2±2.3

Median RENAL N.S, (min-max.)
Mean ± SD

6 (4-12)
6.3±2.1

RENAL N.S
Low
Intermediate
High

40 (56.3%)
24 (33.8%)
7 (9.8%)

Operation type
Open
Laparoscopic

63 (88.7%)
8 (11.2%)

Median HA used, min. (min-max)
Mean ± SD

2 (1-7)
2.5±1.4

Median operative time, min. (min-max)
Mean ± SD

140 (100-350)
154.4±47.6

Median ischemia time, min. (min-max)
Mean ± SD

11 (0-45)
12±11.1

Median hospitalization time, day, (min-max)
Mean ± SD

3 (2-14)
3.7±1.7

Pathology
Benign
- Oncocytoma
- Angiomyolipoma
- Simple Cyst
- Chronic Pyelonephritis
- Hydatid Cyst

 Malignant
- Clear cell type
- Papillary type 1
- Papillary type 2
- Chromophobe type
- Multilocularcyst type

15 (21.1%)
7 (9.8%)
3 (4.2%)
1 (1.4%)
2 (2.8%)
2 (2.8%)

56 (78.8%)
35 (49.2%)
7 (9.8%)
1 (1.4%)
11 (15.4%)
2 (2.8%)

 Complications
Intraoperative complications
- Transfusion
- Pleural injury
- Ureteral injury
- Fragmentation of renal mass
Postoperative complications
- Urinary leakage, DJ stent
- Arteriovenous fistula, embolization
- Urinary Tract Infection

4 (5.6%)
6 (8.4%)
1 (1.4%)
1 (1.4%)

2 (2.8%)
1 (1.4%)
1 (1.4%)

SD: Standard deviation HA: Hemostatic agent, NS: Nephrometry score, min: Minimum, 
max: Maximum

Table 1 contiuned
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difference was found between the groups (p=0.323, p=0.183, 
p=0.618, and p=0.131, respectively) (Table 3).

Discussion

It has been shown that in renal mass treatment, PN results in 
better protection of the renal reserve and decreases the risk 
of metabolic and cardiovascular disorders compared to radical 
nephrectomy (16). During PN, after the tumor is excised, the 
important step is to quickly control bleeding by providing a 
good hemostasis in order to see surgical margins clearly and 
to achieve reconstruction of the renal parenchyma in a shorter 
time. HAs have been in use for many years for the purpose 
of accelerating and facilitating the hemostasis stage in both 
the open, laparoscopic, and robotic types of PN (6-14). In a 
multicenter study conducted by Lang et al. (6) in France, at least 
one HA was used in OPN or LPN surgery at a rate of 71.4%. 
Again, a multi-center study conducted by Breda et al. (7) in the 

United States and Europe determined that 16 of 18 centers used 
HAs and 80% of surgeons at these centers used HAs during LPN. 
In the study that we performed at our clinic, the rate of HA use 
in OPN or LPN surgery was 91.2%. All LPN cases involved one or 
more HAs. We associate our frequent use of HAs during PN to 
the fact that approximately 45% of the renal masses we treated 
with PN had an RENAL. NS categorized as intermediate-high 
score.

Previous studies in the literature have shown the association 
between ischemia time and NSs such as RENAL., preoperative 
aspects and dimensions used for an anatomical, C-index, 
and diameter-axial-polar during PN (15,17,18,19). In a study 
comparing these NSs, RENAL. NS has been shown to be most 
correlated with ischemia time, tumor margin and occurrence 
of complications during PN (20). In this study, we divided the 
patients based on tumor size (0-4 cm and larger than 4cm 
tumors), RENAL NS (low -intermediate-high score), ischemia 
time (0-20 min and longer than 20 min), and tumor pathology 
result (benign-malignant tumor) and compared the number 
of HAs used among these groups. Although the groups such 
as tumor size greater than 4 cm, higher RENAL score, ischemia 
time longer than 20 min, and malignant pathology were 
expected to have higher HA use, there was no statistically 
significant difference between the groups. We believe that 
the technique and effectiveness of the suture applied to the 
excision base during surgery comprises the most important 
step for hemostasis, as stressed in recent studies, and is the 
reason we did not observe significant difference between the 
groups. Secondly, HAs used for hemostasis can be applied in 
combination with bipolar coagulation or Harmonic/LigaSure. 
Lastly, identifying the relationship between the number of HAs 
used and the evaluated parameters was complicated due to the 
heterogeneity created by the variability in different surgeons’ 
HA preferences.

HAs have been used in PN surgery for many years. It was stressed 
that these agents had potential benefits associated with 
decreasing complications, such as bleeding and urinary leakage, 
and shortening ischemia time in both laparoscopic and robotic 
surgery (8,9). Meanwhile, years of accumulated experience and 
advances in suture techniques called the hemostatic effect of 
these HAs into question. Some studies conducted in the recent 
years suggested that HAs had a very limited contribution to 
hemostasis or had no contribution at all (6,7,10,11,12,13,14). 
In these publications, the authors emphasized that suturing 
after tumor excision comprised the most important step in 
hemostasia rather than the use of HAs. They stated that the 
effect attributed to HAs in earlier studies decreased due to 
advanced surgical experience and suturing techniques, and 
therefore, with regard to the bleeding complication, there 
were no differences between the cases where HAs were used 

Table 2. Patients and hemostatic agents used
Hemostatic agents n, (%)

 - Fibrin sealant (Tachosil®)
 - Cellulose based agents (Surgicel®)
 - Gelatin based sponge (Spongostan®)
 - Gelatin based sealent (FloSeal®)
 - Adhesives (Bioglue®)
 - Hemostatic powder (Bloodcare powder®)
 -Autologous perirenal fat
 - Hem-O clips
 - Metal clips
 - PTFE pledgets (PLEDGETS®)

3 (4.2%)
56 (78.8%)
9 (12.6%)
4 (5.6 %)
17 (23.9%)
16 (22.5%)
12 (16.9%)
8 (11.2%)
8 (11.2%)
27 (38%)

PTFE: Polytetrafluoroethylene

Table 3. Comparison of groups in terms of number of 
hemostatic agents used

Number of HA used  p

Median (Q1-Q3), preoperative 
renal tumor size 
 0-4 cm
>4 cm

2 (1-3)
3 (1-4)

0.323

Median (Q1-Q3), RENAL N.S
Low
Intermediate
High

2 (1-3) 
2 (1.25-4)
3 (2-3)

0.183

Median (Q1-Q3), ischemia time
 0-20 min
>20 min

2 (1-3.75) 
2 (1.75-3.25) 

0.618

Median (Q1-Q3), pathology
Benign
Malignant

3 (2-4) 
2 (1-3) 

0.131

HA: Hemostatic agent, NS: Nephrometry score
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and where HAs were not used (10,11,12,13,14). Moreover, they 
suggested that the cost that emerges due to the use of these 
agents, their effectiveness and their safety must also be taken 
into consideration (6). In this study, we were not able to perform 
a statistical comparison between the group operated with HAs 
and the group operated without HAs in terms of complications 
such as bleeding and urinary leakage because the number of 
patients operated without HAs was very low (n=6, 7.7%). 
However, based on our experience in PN surgery, during the OPN 
or LPN, HAs help to achieve hemostasis after tumor excision, 
to fill the cavity after tumor excision, and to prevent sutures 
from tearing the parenchyma during the approximation of the 
parenchyma. We still believe that hemostasis suture thrown into 
the tumor base at the hemostasis stage is the most important 
step in terms of bleeding control and that HAs play more of a 
supportive and complementary role.

Study Limitations

The limitations of this study can be listed as the lack of 
randomization in the study design, its retrospective nature, and 
being a single-center study. Moreover, the inability to standardize 
the selection of HA types based on tumor characteristics, 
evaluating procedures performed by various surgeons, as well 
as heterogeneity of HAs, and variation in dimensions of the HAs 
(Surgicel®, Spongostan® and PTFE Pledgets) may be listed as 
limitations. The strengths of this study include the fact that, 
to our knowledge, it is the first study that has evaluated the 
relationship of the number of HAs used during PN with tumor 
size, RENAL NS, ischemia time, and renal mass pathology.

Conclusion

PN is a standardized method in the treatment of small renal 
masses. The most important stage of PN is hemostasis. HAs 
are frequently used worldwide and in our clinic to achieve 
hemostasis. Although the groups such as tumor size greater 
than 4 cm, higher RENAL score, ischemia time longer than 20 
min, and malignant pathology were expected to have higher 
HA use, there was no statistically significant difference between 
the groups. However, future prospective randomized controlled 
studies are needed to strengthen our findings. 
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