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ABSTRACT

Introduction: Nephron-sparing surgery for large renal masses is not considered a safe procedure because of high com-
plication rate. We present our experience using expanded polytetrafluoroethylene (Gore-Tex®) and Hem-O-Lok® (Weck®
Clip) as hemostatic agents during open partial nephrectomy (OPN) to perform nephron-sparing surgery for large renal
masses.

Materials and Methods: Sixty patients underwent OPN for suspicious renal cell carcinomas. Thirty-four patients with
tumors < 2.5 c¢cm in size underwent OPN with Gore-Tex® alone (group 1). Clinical data from a computerized database
were reviewed and compared to a contemporary group of 26 patients with tumors > 2.5 cm in size who underwent OPN
with Gore-Tex® and Hem-O-Lok® (group 2).

Results: The mean patient age was 53 years (range, 35-85 years), and the mean duration of follow-up was 41.8 months
(range, 6-56 months). The mean cold ischemic times were 24.0 minutes (range, 12-37 minutes) and 35.3 minutes (range,
18-65 minutes) respectively in group 1 and 2. The tumor sizes in groups 1 and 2 were 1.7 + 0.4 cm and 4.74 + 2.75 cm,
respectively. No major complications, such as urine leakage or delayed bleeding, were noted in either group.
Conclusions: Nephron-sparing surgery using Gore-Tex® alone or a Gore-Tex® and Hem-O-Lok® combination was safe
without high-priced hemostatic agents because the tensile strength was sufficient to maintain firmness in the repaired
parenchyma. In addition, the procedure is easy to perform and takes less time to complete. Furthermore, major compli-
cations, recurrence, and impaired renal function did not occur with this procedure.
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INTRODUCTION requires proper techniques. Despite various surgical
techniques to prevent postoperative adverse events

Since partial nephrectomy was first performed after nephron sparing surgery, most large series have

for renal malignancy in 1887 (1), renal cancer surgery reported 7.4% of persistent urine leak, 4.9% of di-
has evolved in recent years with a trend toward paren- alysis, and 2.8% of acute and delayed bleeding (2).
chymal-sparing and minimally invasive approaches. These relatively high complication rates of partial
As aresult, partial nephrectomy is regarded as a com- nephrectomy require further special secure techniques
mon and appropriate treatment for patients with small to prevent adverse events that should be comfortable
renal tumors, even in patients with a normal contralat- to both surgeons and patients. Secure reconstruction
eral kidney. Partial nephrectomy is technically more technique is particularly needed in high risk patient
challenging than radical nephrectomy; therefore, it with large or centrally located tumors. Recently, as
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surgeons have become more comfortable with the
technique of partial nephrectomy, renal cancer surgery
has advanced during the era of laparoscopy. Moreover,
improved renal imaging and the increased detection
of small incidental masses have allowed widespread
application of laparoscopy in renal cancer surgery.
However, laparoscopic partial nephrectomy (LPN)
cannot be widely performed due to difficulty in ob-
taining renal parenchymal hemostasis, and achieving
satisfactory caliceal and renal parenchymal repair.
In fact, if the defect is too large to be repaired, open
partial nephrectomy (OPN) is also difficult to perform
due to the excessive tensile force involved, which
destroys the remaining renal parenchyma. The power
of cinching the suture down on the renal parenchyma
is limited in traditional methods of closing the paren-
chymal defect because of the “cheese slicing” effect of
knot tying. To overcome this problem, pioneers have
developed several techniques to enhance coaptation
strength using exogenous material or clip. Lapra-ty or
weck clip are currently used. Clip should be absorb-
able when it is used to over seal collecting system
(3-6). Herein, we present our experience performing
a reconstruction technique with OPN, regardless of
the size and location of the defect.

MATERIALS AND METHODS

Retrospective data analysis was performed
under the approval of the Institutional Review
Board. Between January 2000 and December 2007,
60 patients underwent OPN for suspicious renal cell
carcinomas. Two similar, but different techniques
were utilized; 34 patients with tumors <2.5 cm in size
underwent OPN with expanded polytetrafiuoroethyl-
ene (Gore-Tex®) alone to bolster closure of the renal
parenchyma (group 1), while the other 26 patients
with tumors > 2.5 cm in size underwent OPN with
a combination of expanded polytetrafluoroethylene
and Hem-O-Lok® (group 2). All procedures were
performed by one staff surgeon (DSP). Preoperatively,
all patients had spiral computed tomography (CT)
and blood sampling for the serum creatinine level.
All patients also had repeat blood sampling to obtain
a postoperative serum creatinine level at the 1 month
follow-up evaluation; spiral CT was performed at the
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3 or 4 month follow-up evaluation to identify any
delayed complications.

Group 1 - Expanded polytetrafluoroethylene
alone. After exposing the renal tumor with the over-
lying fat and surrounding normal parenchyma, renal
artery and/or vein are clamped to reduce bleeding and
renal tissue turgor in all cases. It is especially helpful
when repairing renal parenchyma after resecting large
or embedded tumors. Ice slushing around the kidney
is performed in all cases. Then, the renal tumor was
resected with a 1 cm or adequate available margin and
the resection margin were confirmed based on frozen
section analysis. First, the exposed arcuate arteries
and opened collecting system were repaired with
4-0 absorbable suture material. The remaining renal
parenchyma was approximated with 2-0 absorbable
suture with expanded polytetrafluoroethylene using
a vertical mattress suture method. The expanded
polytetrafluoroethylene was fashioned into two strips,
1.0 x 1.0 cm in size each, and prepared for use. The
needle was passed through one piece of the expanded
polytetrafluoroethylene and the renal parenchyma
in turn. After passing through the opposing renal
parenchyma, the needle was passed through the
other piece of expanded polytetrafluoroethylene in
an outward direction. For the vertical mattress suture
method, the needle was passed through the expanded
polytetrafluoroethylene again and returned to the
opposing side in the same manner. Then, the suture
material was tightened, bringing the parenchyma
together. Before cinching both sides of the resection
margin, oxidized cellulose (Surgicel®) was often
used for plugging excessive defects after controlling
all bleeding. The procedure was completed after the
surgeon released the clamping and verified no further
bleeding (Figure-1)

Group 2 - Combination of expanded polytet-
rafluoroethylene and Hem-O-Lok®. - After resection
of a large renal tumor, the exposed vessels and opened
collecting system were repaired with 4-0 absorbable
suture material, followed by suturing of the defective
inner medulla portion with 3-0 absorbable suture
material. Then, both ends of the resection margin,
including the renal cortex and the outer zone of the
renal medulla, were approximated with prepared 2-0
absorbable suture materials which were comprised of
a strip of expanded polytetrafluoroethylene (0.9 x 0.9
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Figure 1 — Mono-material method (Gore-tex® only). A) The renal tumor was resected with a 1 cm margin. B) The exposed collecting
system and vessels were repaired. C) Both ends of the resection margin were sutured with prepared 2-0 absorbable suture materials,
which were comprised of a strip of expanded polytetrafluoroethylene using the vertical mattress suture method.

cm in size) and a Hem-O-Lok® clipped outside. Knot
was made in advance at the distal one third of suture
material before suturing to prevent the polytetrafluo-
roethylene and a Hem-O-Lok® clip from slipping off.
The prepared suture material was passed through the
renal parenchyma once on each side of the resection

margin and another strip of expanded polytetrafluoro-
ethylene and a Hem-O-Lok® was applied. Then, both
sides of the resection margin were cinched and the
suture material was tied. Oxidized cellulose (Surgi-
cel®) was applied if needed. The procedure was then
terminated (Figures 2 and 3).

Figure 2 — Combination-material method (Gore-tex® & Hem-O-Lok®). A) The renal tumor was resected with a 1 cm or adequate
available margin. B) The exposed collecting system and vessels were repaired. C) Both ends of the resection margin were sutured with
prepared 2-0 absorbable suture materials, which were comprised of a strip of expanded polytetrafluoroethylene. D) Knot was made in
advance at distal one third of the suture material. Several Hem-O-Lok® clips were applied just proximally to knots and outside of the
strips, preventing suture material from slipping and the renal parenchyma was cinched followed by tying of the suture materials.
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Figure 3 — Firm renal parenchyma after the combination-mate-
rial method.

RESULTS

The demographic and perioperative data are
presented in Table-1. Tumor location at upper, mid-
upper, mid, mid-lower, and lower pole were 17, 5, 26,
4, and 8 cases respectively. Masses were presented as
17 cases of exophytic shape, 8 cases of intraparen-
chymal location, and 35 cases of mixed type. There

Table 1 — Demographic and perioperative data.

was one case of bilateral angiomyolipoma and none
of solitary kidney. Several presenting locations and
shapes of tumor on CT imaging taken at pre- and post-
operative period are presented in Figure-4. Pathologic
stage of renal cell carcinoma cases were 47 of pT1,
2 pT2, 1 of pT3. Eleven cases of Fuhrman’s nuclear
grade I, thirty-five cases of grade II, three cases of
grade 111, and one case of grade IV were presented.
In all cases, expanded polytetrafluoroethylene
alone or the combination of expanded polytetrafluoro-
ethylene and Hem-O-Lok®, were successful in obtain-
ing strict hemostasis of the surgical bed during surgery.
Furthermore, no patient had any evidence of acute or
delayed bleeding which required blood transfusion.
There were no problems with immediate or delayed
urine leakage in any of the patients at the 1 month
follow-up evaluation. Our reconstruction technique
did not require ureteral stent or catheter indwelling
in any cases. Moreover, no nephrons were impaired
after the nephrectomy in any case. The postoperative
pathologic data are presented in Table-2. Two renal
cell carcinoma patients from group 2 had metastatic
lesions at liver at postoperative follow-up period. One
case was a 3.5 cm-sized tumor in a patient with in-

Variables Group 1 Group 2
N patients 34 26
Mean patient age (range) 50.5 (35-72) 56.62 (39-85)
N gender (%)
Male 23 (67.6) 17 (65.4)
Female 11 (32.4) 9 (34.6)
Tumor shape
Exophytic 10 7
Intraparenchymal 5 3
Mixed 19 16
Mean
Preop. tumor size (cm) 1.73 £0.44 4.74 £2.75
Preop. Cr. level (mg/dL) 1.0£0.3 0.940.2
Postop. 6 months Cr. Level (mg/dL) 1.1+£0.3 1.1+£0.2
Cold ischemic time (min) 24.0 (12-37) 35.3 (18-65)
Preop. hemoglobin 13.5+1.0 134+1.2
Postop. day-1 hemoglobin 12.1+0.9 11.8+0.8
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Figure 4 — Preoperative (upper) and postoperative (lower) CT or MR images of various tumor locations and shapes. A) Left renal
upper pole mass and intraparechymal type presentation. B) Right renal midportion mass. C) Left renal lower pole mass. D) Left renal
hilar mass.
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Table 2 — Postoperative pathologic data.

Histological Features Group 1 Group 2

(N =134) (N =26)
Renal cell carcinoma 29 21
Clear cell 26 19
Chromophobe 1 2
Papillary 2 0
Angiomyolipoma 2 3
Others 3 2

traparenchymal type at initial presentation who had a
metastatic lesion at 2 years follow-up. Pathology was
a conventional clear cell type with Fuhrman’s nuclear
grade II. Another patient had a pulmonary metastatic
renal cell carcinoma with 5 cm-sized primary tumor
at initial presentation. Cytoreductive partial nephrec-
tomy was performed and metastatic lesion at liver
developed after one year postoperatively. Pathology
was a conventional clear cell type with Furman’s
nuclear grade III.

COMMENTS

Partial nephrectomy is becoming the standard
of care for selected T1a renal cell tumors (7). For renal
cell carcinomas < 4 c¢cm in diameter, the local recur-
rence rate after partial nephrectomy is 0-3%, with
no significant differences in survival rates between
patients who have undergone radical nephrectomy
(7,8). With the increasing focus on minimally invasive
surgery, advanced ablative and complex reconstruc-
tive procedures are being performed laparoscopically.
Therefore, LPN has emerged as an attractive treatment
modality for select patients with small renal tumors.
By duplicating established surgical principles, recent
techniques of LPN combine the advantages of mini-
mally invasive surgery and the time-tested oncologic
and reconstructive efficacy of OPN (9-12). However,
the two most significant challenges facing the urologic
surgeon during LPN include bleeding control and col-
lecting system repair. When the indications for partial
nephrectomy are expanded, e.g., in patients with mul-
tiple tumors, more centrally located tumors or tumors >
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4 cm in size, the risk of the specific, technically-related
complications increase. In open surgery, various tech-
niques have been used to assist with hemostasis of the
transected renal surface, including temporary vascular
occlusion, vessel suture ligation, renal compression,
and special surgical equipment. However, it is these
challenges of hemostasis and collecting system closure
that have limited the application of nephron-sparing
surgery in laparoscopy, as evidenced by the initial ex-
perience with laparoscopic partial nephrectomy, which
carries a high risk of complications (13-15). In fact,
most cases of laparoscopic partial nephrectomy have
shown successful results only in small tumor sizes.
Desai et al. (16) reported successful results in suture
repair of the pelvicaliceal system with laparoscopy;
however, their data was obtained with tumors with
a mean size of 3.4 cm and < 7 cm maximum size. In
our series, the mean tumor size was > 5 cm when knot
tying was performed with the help of expanded polytet-
rafluoroethylene and Hem-O-Lok®. Furthermore, the
large tumor (10 cm in diameter) in our series, which
occupied nearly one-third of the kidney, did not result
in any acute or delayed complications following suc-
cessful renal parenchymal repair with the combined
method (Figure-2).

Recently, commercially available fibrin tissue
sealants and gelatin matrix-thrombin tissue sealants
have been used to assist in hemostasis and collect-
ing system closure during open and laparoscopic
partial nephrectomy with apparent clinical success
(17,18). Despite the growing clinical application
of those methods during partial nephrectomy, there
exists little information with regard to the in vivo
properties for preventing the major complications of
partial nephrectomy. In our series, other additional
intracorporeal hemostatic agents were not necessary
because the tensile strength was sufficient to keep
the repaired parenchyma firm without any acute or
delayed complications, such as urine leakage or he-
matoma formation. Expanded polytetrafiuoroethylene
and Hem-O-Lok® provided sufficient tensile strength
extracorporeally, therefore, no adverse reactions due
to foreign materials was expected. Thus, our surgi-
cal technique could prevent completely two major
complications, those are, postoperative hemorrhage
and urine leakage. It should be validated from large
series. According to recent large series, on the other
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hand, postoperative hemorrhage after LPN and OPN
were reported at 4.2% and 1.6% of cases respectively.
Urine leakage after LPN and OPN were reported at
3.1% and 2.3% of cases respectively (19).

The use of expanded polytetrafluoroethylene
preserved the remaining renal parenchyma without
injury, such as the “cheese-slicing” effect of knot ty-
ing. However, the expanded polytetrafluoroethylene
sometimes showed insufficient tensile strength for
keeping the “fragile” renal parenchyma safe from in-
jury. Therefore, knot tying during OPN with expanded
polytetrafluoroethylene only took excessive time for
correcting the knots. In our results, the mean cold
ischemic time (CIT) of the combined group was longer
than the mono-material group, but without a significant
difference in time. Based on the mean tumor size, the
acceptable mean CIT of the combined group compared
with mono-material group could be explained in two
ways. First, the combined method needed fewer at-
tempts for needle passing because cinching was ob-
tained with the interrupted suture method, while the
mono-material method required at least 2-fold more
attempts due to the vertical mattress suture method.
Second, the tensile strength was easily obtained with
the combined method because Hem-O-Lok®™ offers
parallel tension to the capsular surface, while the mono-
material method delivers upward or downward forces
perpendicular to the capsular surface.

In respect of cancer control, partial nephrec-
tomy is comparable to radical nephrectomy. Since
2000, 10-year outcome data after nephron sparing
surgery in 107 patients have been reported (12). Spe-
cific survival rates of cancer were 88.2% and 73% at 5
and 10, years respectively. Another report also showed
no difference between survival rates in patients who
underwent radical nephrectomy and nephron sparing
surgery. Tumor size and stage were the main factors
of outcome in both groups (8).

Similar long-term outcome would be ex-
pected in our series, whereas the tumor size could not
the primary determinant of outcome.

CONCLUSION

Nephron-sparing surgery using expanded
polytetrafluoroethylene (Gore-Tex®) alone or a
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Gore-Tex® and Hem-O-Lok® (Weck® Clip) combi-
nation was relatively safe without other additional
hemostatic agents, irrespective of the tumor size and
location because the tensile strength was sufficient to
keep the repaired parenchyma firm. Furthermore, the
combined method afforded easier handling and less
operation time than the mono-material method. No
major complications, recurrence, and impaired renal
function occurred with either of the procedures.
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EDITORIAL COMMENT

Nephron sparing surgery (NSS) is currently
considered the best alternative in treatment of renal
tumors < of 4 cm and its indication is expanding to
selected cases of lesions up to 7 cm in size, based in
the comparable oncological outcomes to the stan-
dard radical treatment, and the remarkable benefit of
preserving renal function. This has gained more rel-
evance after several studies that demonstrate higher
risk of develop chronic renal failure after radical
nephrectomy (1) and the direct association between
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renal insufficiency and cardiovascular morbidity and
mortality (2).

In recent years, promoted by the rapid de-
velop of minimally invasive surgery, many innovative
advances in NSS have been reported with the aim of
facilitating renorrhaphy, reducing warm ischemia
time and prevent most frequent complications, such
as bleeding or urinary leak. The presented study takes
part in this trend and presents a well-documented
initial experience using a novel technique for open
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partial nephrectomy with encouraging results, espe-
cially in terms of reconstruction quality, that seems to
be useful in the management of larger and complex
located tumors.

Recent publications by Orvieto (3), Shalhav
(4), Canales (5) and our group (6) have previously
described laparoscopic renorrhaphy techniques based
in the use of clips. The main goal is to simplify the
procedure by avoiding intracorporeal knot tying,
providing a reliable and reproducible reconstruction.
The use of Weck Hem-O-lock® clips on the sutures
allows a more even distribution of the tension ap-
plied on the renal surface with a consequent better
coaptation. Studies developed in our laboratory have
shown that the tension that can be applied on the pa-
renchyma by using this technique which is almost 3
times higher than the achieved with traditional knot
tying. Maintaining the placed stitches perpendicular
to the capsule when tightening aid-avoiding tears.
Also, clip based renorraphy can be easily retightened
if needed to achieve an optimal hemostasis.

The use of PTFE as a reinforcement layer
to the vertical mattress suture line to prevent paren-
chymal tears is an interesting addition to the open
approach made by this group, not previously reported
in the literature, sustained on the same principle of
even distribution of tension. Its use could gain rel-
evance during the repair of larger defects, when the
renal capsule has been damaged or when clips are not
available or secure to use. Thus, the implementation
of these advances could be the explanation for the
optimal hemostasis and collecting system closure,
represented in the almost non-existent complications
reported in the paper.

The usual limitations of retrospective design
and single-surgeon experience are present in this and
many other studies. A randomized prospective study
comparing this new approach to the traditional partial
nephrectomy technique using a knot-tying reconstruc-
tion could be a valuable addition to establish differ-
ences.
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Finally, it is important to remember that
despite of living in a minimally invasive surgery
era, open partial nephrectomy still maintains a place
of excellence in the armamentarium of urologists
devoted to NSS, and so, any further improvements
to this classical technique will always be welcome.
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EDITORIAL COMMENT

In patients with a normal contralateral kidney
and tumors up to 4 cm partial nephrectomy (PNE)
should nowadays be considered as first-line therapy.
PNE is, however, indicated up to a tumor diameter
of 7 cm in selected patients and subject to tumor
location. In cases of singularly kidney, there is an
imperative indication for nephron sparing surgery.
Nowadays, a laparoscopic approach is an alternative
in experienced hands (1,2).

Several techniques exist for PNE with
various modifications. It starts with the operative
access, which depends strongly on the tumor posi-
tion. Ischemia time is a crucial issue. In anticipated
ischemia exceeding more than 30 minutes there is a
consensus to use hypothermia via arterial perfusion
with cold lactated Ringer's solution (3,4). Cold isch-
emia is required in about 15% of all cases. The rest
is done in warm ischemia with occlusion of only the
artery(5). The artery is not occluded by clamps when
cold perfusion is foreseen in order to avoid intimal
lesion. Instead of clamps, the use of tourniquets is
easily applicable without additional measurements.
When resulting in a bloodless field tumor excision
is feasible with good differentiation between normal
and tumor tissue minimizing the risk of unrecognized
positive surgical margins.

We achieve laparoscopy hemostasis by two
layers of running sutures and knot tying supported by
restorable clips. The first suture includes the interstitial
tissue and the collecting system if injured. The cut
edges of the parenchyma are then adapted by a second
running suture, which includes the placement of a bol-
ster of hemostatic material under the suture. The suture
is again secured by clips, which accelerate tying and
avoid the suture cutting through parenchymal tissue
also under traction force. As a last step, the surface
is sealed by fibrin glue to avoid prolonged oozing.
This technique has proved its safety for laparoscopic
procedure in respect to intra-/postoperative complica-
tions, surgical margins, side effects and urinary leak-
age (6). Application of fibrin glue instead of suturing
has serious advantages: it is easy, quick, and avoids
potential tissue damage caused by sutures. This hy-
pothesis was preliminary confirmed by a comparative
investigation, which proved a statistically significant
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reduction of functional parenchyma loss by the use of
glue for parenchyma closure (7). On the other hand, it
is obvious that glue cannot deal with large tumors and
suture-comparable reliability. The predictability of glue
safety is limited in the individual case.

Avery comprehensive study in a hypertensive
pig model showed that bio-glues were efficient to
close small lesions, whereas they proved to be unable
to deal with reliable closure of large parenchymal
defects. Sutures, in contrast, have high reliability to
provide sufficient hemostasis. The only disadvantage
is the time for suture placement and tying which can-
not be neglected in a procedure in which time really
matters - in particular, of course, in laparoscopic
procedures in which suturing generates a by far higher
delay than in open surgery.

In the present study, the authors describe a
tissue closure by Gore-Tex® alone (group 1) or in
combination with Hem-O-Lok® clips (group 2).
The decision to which method has to be applied was
made depending on the tumor size, which provided
an objective rationale for the decision. All surger-
ies showed no side effects perioperatively as well
as in long term follow up which was extended to
remarkable 3.5 years. Length of ischemia time was
absolutely justifiable in both groups. According to
recent literature the authors fulfill with their type
of parenchymal closure in open PNE all criteria of
safety and reliability within the range of time, rate of
side effects and long term renal function. Based on
this rich experience a switch to laparoscopy should
be considered in order to provide optimal up to date
patient care.
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