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Abstract

Purpose To describe the results of a polyethylene glycol-coated collagen patch, Hemopatch® on blood loss, surgical time
and renal function in partial nephrectomy (PN) for renal cell carcinoma (RCC).

Methods Out of a single surgeon cohort of n=2565 patients undergoing conventional open PN (CPN) between 01/2015 and
12/2017 at the University of Munich a consecutive subgroup (n=42) was operated on using a polyethylene glycol-coated
collagen-based sealant Hemopatch® (Baxter International Inc., Deerfield, IL, USA) (HPN).

Results Median age was 65.2 years (range 12.7-95.2) with median follow-up of 9.43 months (0.03-49.15). Baseline renal
function (CKD-EPI) was 78.56 ml/min/1.73 m? (range 20.38-143.09) with a non-significant decline to 74.78 ml/min/1.73 m?
(range 3.75-167.74) at follow-up.

In CPN 46% had low complexity, 33% moderate complexity and 20% high complexity lesions with 33% low, 40% moderate
and 27% high complexity masses in HPN.

Median tumor size was 4.3 cm (range 1-38 cm) in CPN with 4.8 cm (range 3.8—-18.3 cm) with HPN, p =0.293. Median
blood loss and duration of surgery was significantly lower in the HPN group vs. CPN (146 ml+ 195 vs. 114 ml + 159 ml;
p=0.021; 43 min+27 for HPN vs. 53 min +49; p=0.035) with no difference in clamping time (12.6 min + 8.6 for HPN vs.
12.0 min+9.5; p=0.701).

Conclusions Hemopatch® supported renoraphy shows promising results compared to standard renoraphy in PN. No side
effects were seen. Further studies should evaluate the prevention of arterio-venous or urinary fistulas. In complex partial
nephrectomies Hemopatch® supported renoraphy should be considered.
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Introduction

Partial nephrectomy (PN) has become the standard of care
in localized renal cell carcinoma (RCC) [1-3]. With onco-
logic equivalence the benefits include a reduced risk of renal
insufficiency and prolonged survival. Although overall sur-
vival was not superior in a prospective randomized trial, the
magnitude of data hint towards a prolonged overall survival
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with the preservation of renal parenchyma [3-5]. Challenges
in PN are warm ischemia, tumor control, urinary fistulas
and bleeding. The complexity of a renal lesions can predict
the complications and challenges of the lesion as described
with the R.E.N.A.L. score and other scoring systems [6, 7].
The main problem in renal surgery remains the control of
bleeding, especially with larger and more complex lesions.
The standard surgical technique to achieve that is suturing
and bringing parenchyma on parenchyma with a renoraphy.
Evidence exists that the use of a the sealing patch Tachosil®
(Ethicon Inc., Sommerville, NJ, USA) can reduce the dura-
tion of bleeding, but evidence is lacking that the blood loss
can be reduced by hemostatic agents [7]. After initial reports
on the successful use of Hemopatch® (Baxter International
Inc., Deerfield, IL, USA), a polyethylene glycol-coated col-
lagen patch, [8-10] we intended to analyze its impact on
surgical parameters in open PN.
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Methods

We report on a consecutive single surgeon cohort of
patients who underwent a partial nephrectomy between
01/2015 and 12/2017. N =564 patients undergoing open
partial nephrectomy were identified within a prospective
institutional database at the Department of Urology, Uni-
versity of Munich. All patients were operated using the
same standardized surgical approach.

A consecutive subgroup of the last series of patients
(n=42) were operated on using a polyethylene glycol-
coated collagen-based sealant Hemopatch® (Baxter Inter-
national Inc., Deerfield, IL, USA). All patients had an
open midline approach and no further selection criteria
have been used, other than indication for open partial
nephrectomy.

Surgical technique

Open PN was carried out following the same principle in a
standardized approach. After identification and preparation
of the kidney the renal hilum is identified and tunneled
with a Guyon clamp to grasp a vessel-loop (Vesseloops™
Maxi, Medica Europe BV, NL) that is bolted around itself
and the renal vessels (renal artery and vein). To open the
sling easily, a ligature is inserted into the vessel-loop sling.

Perirenal fat is then removed completely from the kid-
ney with a bipolar scissor sparing the fat on top of the
tumor. The renal capsule is incised with an electrocautery
needle or a scalpel followed by resection of the tumor with
small Reynolds’ scissor. We do not enucleate but resect
tumors avoiding the tumor pseudo capsule and leav-
ing a margin of normal parenchyma covering the tumor.
To achieve a complete resection in larger tumors the fat
surrounding the collecting system is identified and the
resection-line follows this fat at the ground of the tumor.
The resected part of the kidney is controlled optically to
ensure complete resection and tumor ground biopsies as
well as the whole tumor are sent for immediate frozen
cross section.

Larger vessels are controlled during the resection with
cross-stitches using a small half round needle (RB1) and
Prolene or Monocryl 4-0 RB1 (Ethicon Inc., Sommerville,
NJ).

If necessary, the collecting system is closed with a run-
ning suture using Monocryl 4-0 RB1. Remaining vessels
are identified and controlled either with a small needle
(RB1) or a larger needle (SH) with PDS or Monocryl 4-0.
While closing the parenchymal vessels the sutures are
placed in a way to primarily reconstruct the kidney and
approximate the parenchyma. To close the renal incision a
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running double-layered cross-stitched suture using Maxon
3-0 and a V20 needle (Covedien Syneture, Mansfield, MA)
is performed according to the principles of Donati, modi-
fied into a running suture back and forth. If any, further
bleeding is controlled with Maxon 3-0 cross-stitches.

Resection of the tumor is performed off clamp until
bleeding of more than 200 ml occurs or visibility to identify
the resection borders safely is impaired. If so, the vessel-
loop is pulled to clamp the renal hilum. With an expected
clamping time of more than 17 min, crushed ice is placed
around the kidney immediately after clamping. Unclamping
is performed by pulling the ligature inserted into the vessel
loop.

Hemopatch

Hemopatch® is a polyethylene glycol-coated collagen patch.
We used a standard size of 45X 45 mm. To activate the coat-
ing and achieve bleeding control, slight pressure with a dry
gauze for 2 min is recommended. There are three differ-
ent ways to apply Hemopatch to the renal resection site.
One is to place it into the resected area prior to a renoraphy
and have it covered by the parenchyma. The rational for this
procedure is to prevent urinary and arterio-venous fistulas.
Another option is to place it over the resection wound and
then place sutures through it to close the resection cavity
and achieve a renoraphy. This could be an option especially
in patients with limited time to perform the renoraphy as
ischemia time is an issue, e.g., single renal units, or in com-
plex lesions with an expected longer duration of reconstruc-
tive renoraphy. The third option is to just apply the Hemo-
patch to the wound cavity and not support it with sutures,
which would be used in smaller, peripheral resections or
lacerations of the renal capsule only.

Administration of Hemopatch

Hemopatch is used in different ways. Either in whole to
cover the resection bed. This can be done with or without
renoraphy, with sutures running through the Hemopatch. Or
the Hemopatch is cut in smaller patches of 1x4.5 cm and
placed into the resection bed, prior to the renoraphy (see
Figs. 1, 2).

Statistical analysis

The difference between HON and CPN results was assessed
with the Mann—Whitney U test. Changes in laboratory val-
ues from baseline were compared between treatments with
the Mann—Whitney U test. The differences between treat-
ments were tested by a two-sided Fisher exact test. Calcula-
tions were done using IBM SPSS statistics version 25.
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Fig. 1 Renoraphy over Hemopatch; larger vessels and the collecting
system are closed (A) initially before Hemopatch is placed (B) to pre-
vent bleeding and arterio-venous fistula. In larger resections, a second

Results

Median age was 65.2 years (range 12.7-95.2). The majority
of the patients was male (67.8%). A6 patients had a sin-
gle renal unit and 51.5% of the tumors were right sided.
Median follow-up was 9.43 months (0.03—49.15). Baseline
renal function as measured by CKD-EPI was 78.56 ml/
min/1.73 m? (range 20.38-143.09) with a non-significant
decline to 74.78 ml/min/1.73 m? (range 3.75-167.74) at
follow-up.

N =524 underwent conventional partial nephrectomy
without Hemopatch supported renoraphy (CPN) and 42
patients had a PN with Hemopatch support (HPN).

layer of Hemopatch might be placed (C) before reconstruction of the
renal parenchyma using a running suture (D)

R.E.N.A.L. Score was available for n =324 patients in the
CPN cohort and all HPN patients. In CPN 46% had a low
complexity mass, 33% a moderate complexity and 20% a
high complexity lesion. In HPN 33% ha a low, 40% a mod-
erate and 27% a high complexity mass. Oncological results
are not reported here but there were no positive margins at
final pathology in CPN and HPN.

Median tumor size was 4.3 cm (range 1-38 cm) in CPN
as compared to 4.8 cm (range 3.8-18.3 cm) with HPN,
p=0.293. The median blood loss and duration of sur-
gery was significantly lower in the HPN group vs. CPN
(114 ml+159 vs. 146 ml +195 ml; p=0.021; 43 min +27
for HPN vs. 53 min +49; p=0.035) with a clamping time
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Fig. 2 usage of Hemopatch in OPN; A Hemopatch covering resected tumor bed without sutures; B renoraphy over Hemopatch patch embedded
into the resection wound C renoraphy with intraparenchymtous Hemopatch and primary closure (illustrations by K. Battle)

Table 1 Comparative results of patients undergoing Hemopatch vs
non-Hemopatch supported renoraphy; *: significant difference

Non- Hemopatch N=42 p

hemopatch

N=524
Age (years) 63.5+13.6 642+11.3 0.293
Tumor size cm 43+2.6 4.8+29 0.293
R.E.N.A.L. score low 46% 33% -
Intermediate 33% 40% -
High 20% 27% -
Clamping time min 12.0+9.5 12.6+8.6 0.701
Creatinine at discharge 1.3+0.7 1.1+0.3 0.012%*

mg/dl

Duration of surgery min 53 +49 4327 0.035*
Blood loss ml 146+ 195 114+159 0.021%*

that did not differ between the two groups (12.6 min + 8.6 for
HPN vs. 12.0 min+9.5; p=0.701). The median duration of
surgery also was significantly shorter in HPN. Median cre-
atinine at discharge was similar in both groups (see Table 1).

Discussion

According to the guidelines for the treatment of RCC, PN
is the standard of care for the treatment of localized renal
masses suspicious for RCC [11, 12]. The challenges of
this procedure remain oncological equivalence to radical
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nephrectomy, bleeding, urinary fistulas and arterio-venous
malformations [3, 13—15]. Several surgical approaches to
the kidney are established, including laparoscopy and
robot assisted laparoscopy. So far it cannot be determined,
which surgical approach is the best for the preservation
of renal function or the reduction of intra- and postopera-
tive complications and if there are oncological differences
between these procedures.

We report on a large series of patients treated with open
PN by a single surgeon to eliminate the effects of exper-
tise and a learning curve. We compare the intra-operative
outcome of the renoraphy performed with or without the
use of a NHS-PEG-coated, absorbable collagen-based
sealant to provide hemostasis (Hemopatch®). This sealant
has shown to be a valuable tool in the control of bleeding
without any adverse events being reported so far across
various surgical specialties [8]. Some evidence exists that
Hemopatch® can be used in urological procedures, pre-
dominantly renal surgery [9].

As proposed, hemostatic sealants are thought to prevent
urinary fiistulas [16]. In our series we cannot comment
on that, as we did not see any fistulas with our technique,
but it could be speculated that in line with the results of
others, these can be avoided. Therefore, a larger series of
patients would be needed, as the rate of urinary leaks is
usually below 2%. Besides urinary leaks we found that
the creatine at discharge was significantly lower in HPN,
but this might be a selection bias, so that we are not sure,
that we can conclude that Hemopatch® can preserve the
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renal function. Besides, this encouraging finding urges for
a larger trial.

We could demonstrate that the administration of
Hemopatch® is safe and does not cause additional compli-
cations or side effects. Furthermore, the blood loss and dura-
tion of surgery in our series could be significantly lowered,
even in a surgical setting, were bleeding is generally well
controlled. What has not been estimated, was the duration
until cessation of bleeding, which could be included in fur-
ther studies. But with our setup of a late unclamping tech-
nique bleeding usually is controlled after unclamping, so
that only in the minority of cases the duration of bleeding
would be accessible. The problem with all hemostatic seal-
ants remains, that their effect on the surgical outcome can
be hardly assessed, as the result of any surgical procedure is,
amongst others, a control of bleeding by the end of the pro-
cedure. Time to control mainly depends on the coagulation
parameters of the blood and the patience and skills of the
performing surgeon, thus the estimated impact of sealants
will remain unclear.

In our series, we show that even in higher complexity
lesions Hemopatch® is a valuable tool to reduce the blood
loss and thus is not only helping the patient to have a shorter
surgical time and better post-operative outcome, but also
gives the surgeon the comfort of a more reliable bleeding
control. Blood loss itself might be correlated to a worse
oncological outcome. It has been shown, that the periopera-
tive transfusion of blood is related to a worse oncological
outcome (HR 1.79) [18]. Thus, any effort must be taken to
reduce the loss of blood during and after surgery to avoid
transfusions.

Hemostatic agents so far have not shown to reduce
the blood loss, but the time to bleeding control. Mainly
TachoSil® has proven to effectively reduce the bleeding time
in OPN as shown by Siemer et al. [7]. In a series analyzing
the use of Tachosil or Flowseal no significant improvements
versus no hemostatic sealants in blood loss was seen but the
hemostatic sealants seem to have prevented arterio-venous
fistulas. The sample size thus was too small to show sta-
tistical significance differences between the groups [17]. A
French group also was not able to show a benefit of the use
of hemostatic agents in robotic partial nephrectomy [18].
Using the autologous fibrin glue Vivostat® in 10 patients
in laparoscopic partial nephrectomy immediate hemostasis
could be achieved and have been confirmed by another group
in 28 patients again. But there was no comparison or further
evaluation of the patient cohorts [19, 20].

Although the reduction of median blood loss in the hemo-
static sealant cohort does not warrant or allow further clini-
cal conclusions, this still is an unexpected finding, as one
would estimate that the bleeding always will be controlled
at the end of the surgical procedure. But it offers comfort
to the surgeon knowing that it is safe to resect even more

complex lesions and still have excellent bleeding control.
We therefore propose the use of Hemopatch® in complex
partial nephrectomies.

Conclusions

Hemopatch supported renoraphy shows promising results
compared to standard renoraphy in PN. No side effects
were seen. Further studies should evaluate the prevention
of arterio-venous or urinary fistulas. In complex partial
nephrectomies Hemopatch® supported renoraphy should
be considered.
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