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Abstract

Introduction: The objective of this study was to evaluate the safety 
and feasibility of using a polyethylene glycol (PEG)-coated collagen 
patch (Hemopatch®) in patients undergoing deceased donor renal 
transplant. The primary outcome was the amount of intraoperative 
estimated blood loss in those patients receiving the patch compared 
to without. Secondary outcomes were the subjective achievement 
of hemostasis, perigraft collection, and drop in hemoglobin 48 
hours postoperatively.
Methods: We performed a single-center, prospective, randomized 
trial. Patients scheduled to undergo deceased donor renal trans-
plant surgery were randomized to receive the PEG-coated patch 
or standard hemostasis (i.e., electrocautery and clips).
Results: A total of 30 patients were enrolled over 15 months and 
randomized to receive the PEG-coated patch (n=15) or standard 
hemostasis (n=15). The mean age was 62.5 years. As determined 
by the operating surgeon, hemostasis was successfully achieved in 
all 15 cases using the PEG-coated patch. In the PEG-coated patch 
group, there was a trend towards less estimated blood loss (237 
cc vs. 327 cc; p=0.11) and a lower drop in hemoglobin 48 hours 
postoperatively (22.27 g/L vs. 29.53 g/L; p=0.09) compared to the 
standard hemostasis group. Perigraft collection was similar between 
groups (27% vs. 40%; p=0.43). Subgroup analysis on patients who 
received anticoagulation therapy revealed no significant difference 
in blood loss between groups.
Conclusions: Based on our single-center experience, the PEG-coated 
patch (Hemopatch®) is a safe and feasible option to aid hemostasis 
during deceased donor renal transplant surgery. Hemostasis was suc-
cessfully achieved in all cases using the PEG-coated patch.

Introduction 

Kidney transplant is the optimal treatment for end-stage 
renal disease (ESRD) and is associated with lower morbid-
ity and mortality compared to dialysis.1 Patients with ESRD 

often have impaired hemostasis due to platelet dysfunction 
or coagulation defects and have cardiovascular comorbid-
ities requiring anticoagulation therapy.2,3 These factors may 
increase the risk of developing hemorrhagic complications 
such as thrombosis and bleeding during surgery, potentially 
affecting graft function.4 While creatinine clearance is the 
optimal predictor of graft function, anemia is also associated 
with poor graft outcomes.5,6 Postoperative fluid collection 
around the transplanted kidney can also have considerable 
influence both on outcome and on functional recovery of 
the graft.7 Therefore, achieving hemostasis during renal trans-
plant is particularly important in this patient population.

Deceased donor renal transplant poses a particular 
challenge due to the lack of detailed preoperative vascular 
assessment of the allograft, which can make hemostasis more 
difficult to achieve. For instance, following revascularisa-
tion of the allograft, surface oozing may arise from vascular 
branches of the perinephric fat.8 

While intraoperative interventions, such as sutures, clips, 
and electrocautery, are commonly used, other adjunctive 
methods may be used to aid hemostasis. Several studies have 
demonstrated a shorter time of hemostasis and surgery with 
the use of biomaterials.7 While these biomaterials differ in 
their composition, all are applied directly to the site of action 
and trigger the coagulation cascade or form a mechanical 
barrier to prevent effusion. Synthetic agents act independ-
ently of the coagulation cascade and use a monomer cross-
linker to bind to tissue.9

Recently, topical hemostatic agents have played a vital 
adjunctive role in many types of surgery, including uro-
logical tumor resection of the kidney, bladder, and prostate 
and in various procedures for genitourinary trauma and 
reconstruction.9 However, no studies to date have evalu-
ated its role in renal transplant surgery.10-17 The polyethylene 
glycol-coated (PEG-coated) collagen patch (Hemopatch®, 
Baxter Healthcare Corporation) is a promising new synthetic 
hemostatic agent with a dual mechanism of action. The PEG 
coating rapidly adheres to the tissue surface while the col-
lagen layer facilitates platelet activation and adhesion. The 
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PEG-coated patch is potentially more convenient to apply 
than other adjunctive hemostatic agents, which may require 
warming and mixing.7,9,16,17 Nevertheless, its use in renal 
transplant surgery remains to be established, as no previous 
studies have been reported. Herein, we report the findings 
of a prospective, randomized pilot trial that assessed the 
safety and feasibility of a PEG-coated patch on achieving 
hemostasis in deceased donor renal transplant surgery.

Methods

Patient eligibility

Eligible patients were at least 18 years of age and sched-
uled for deceased donor renal transplant surgery at our 
institution. Patients were excluded if they were scheduled 
for living donor renal transplant surgery, had uncorrectable 
bleeding diathesis or hypersensitivity to bovine proteins 
or brilliant blue (FD&C Blue 1). Further, if patients in the 
standard hemostasis group received additional hemostatic 
agents (e.g., topical or absorbable hemostats), they were also 
excluded. All included patients provided informed consent.

Study design 

This was a prospective, randomized trial conducted at a single 
institution. Over 15 months, 30 patients were enrolled and 
randomized to receive the PEG-coated patch (n=15) or stan-
dard hemostasis, defined as electrocautery and clips (n=15). 
Randomization was completed using computer randomiza-
tion software in the operating room at the time of transplant 
surgery. The trial was approved by the Hamilton Integrated 
Research Ethics Board and registered on ClinicalTrials.gov 
under the identifier: NCT0263367. Hemopatch® was pro-
vided by Baxter Healthcare Corporation.

Outcomes and assessment 

Preoperative baseline data was collected. The primary out-
come was the amount of intraoperative estimated blood loss. 
Blood loss was estimated from the drain output and the vol-
ume of blood absorbed by the PEG-coated patch. Secondary 
outcomes included the achievement of hemostasis, perigraft 
collection, and drop in hemoglobin 48 hours postopera-
tively compared to baseline. Hemostasis was assessed intrao-
peratively by the operating surgeon two minutes after the 
PEG-coated patch was applied. A Doppler ultrasound was 
required 48 hours postoperatively to assess the presence of 
perigraft collection. Renal function, hemoglobin level, and 
drain output (if a drain was placed intraoperatively) were 
assessed on postoperative days 2, 7, and 30. 

Statistical analysis

All study data was captured and managed using REDCap 
software hosted at St. Joseph’s Healthcare Hamilton. Data 
was compared using independent samples t-test and Chi-
squared test. Data was analyzed using IBM® SPSS Statistics 
version 25.0.

Procedure

All deceased donor renal transplantation surgeries were per-
formed by three transplant surgeons at St. Joseph’s Healthcare 
Hamilton. A standard surgical approach was used by all three 
surgeons. Randomization was performed prior to the initia-
tion of the transplant procedure. After back table preparation 
of the allograft, extra-peritoneal access was achieved using 
a modified Gibson’s incision. Iliac vessels were mobilized, 
and overlying lymphatics were clipped and divided. The renal 
artery and vein were anastomosed end-to-side to the iliac 
vasculature, followed by unclamping of the vessels. 

In the PEG-coated patch group, after initial hemostatic 
control with clipping of all active bleeders and electroco-
agulation of surface oozers, a 4.5 x 4.5 cm sized PEG-coated 
patch was applied over the renal hilum and sinus fat of 
the kidney. Dry gauze was used to hold the PEG-coated 
patch in place and gentle, uniform pressure was applied 
over the entire pad surface for two minutes. The gauze was 
then removed from the pad and the PEG-coated patch was 
left in situ once hemostasis was achieved. After achieving 
hemostasis, reconstruction of the urinary tract was done with 
uretero-vesical anastomosis (Lich-Gregoir technique).

In the standard hemostasis group, hemostasis was 
achieved using surface electrocoagulation and clipping of 
bleeders. Patients requiring additional agents for hemostatic 
control were excluded from the study.

Results

A total of 30 patients (17 men and 13 women; mean age 
[standard deviation (SD)], 62.5 [10.5]) were randomized 
between June 2016 and September 2017 to receive the 
PEG-coated patch (n=15) or standard hemostasis (n=15). 
All patients were followed for 30 days postoperatively. 
Demographic and baseline characteristics were similar 
between groups (Table 1). In each group, 10 patients (20 
in total, 67%) were on anticoagulation therapy. There were 
no major intraoperative complications and postoperative 
recovery of all patients was uneventful. One patient in the 
PEG-coated patch group died two weeks after transplant 
surgery of causes unrelated to transplant surgery.

The mean intraoperative estimated blood loss was similar 
between groups, although there was a non-significant trend 
towards lower blood loss with the PEG-coated patch com-
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pared to standard hemostasis (237 [165] cc vs. 327 [128] 
cc; p=0.107). Compared to baseline, the mean drop in 
hemoglobin 48 hours postoperatively was similar between 
groups, with a non-significant trend towards a lower drop 
with the PEG-coated patch (22.27 [11.85] g/L vs. 29.53 
[10.76] g/L; p=0.09) (Table 2). Transfusion rates were simi-
lar between groups (27% vs. 40%; p=0.44). Based on the 
operating surgeon’s assessment, hemostasis was achieved in 
all patients of the PEG-coated patch group. In most cases, 
three PEG-coated patches were used (73%). All patients 
received a Doppler ultrasound after surgery and the inci-
dence of perigraft collection was similar between groups 
(27% vs. 40%; p=0.43). Renal function and hemoglobin 
level on postoperative days 2, 7, and 30 were similar 
between groups. As a drain was only placed intraopera-
tively in three patients, comparison of drain output was 
not done. A subgroup analysis was conducted for patients 
on anticoagulation therapy and no significant difference in 
blood loss was found between groups.

Discussion

In this randomized pilot trial, the use of a PEG-coated patch 
to achieve hemostasis in patients undergoing deceased 
donor renal transplant surgery was safe and demonstrated 
equivalence with no hemostatic agent use. The estimated 
intraoperative blood loss and drop in hemoglobin 48 hours 
postoperatively was similar between groups and trended 
favorably towards the PEG-coated patch group. Hemostasis 
was achieved in all patients who received the PEG-coated 
patch. The incidence of perigraft collection was similar 
between groups. No intraoperative or postoperative com-
plications occurred. These findings may suggest that the 
PEG-coated patch is a safe adjunctive hemostatic agent in 
deceased donor renal transplant surgery.

There is limited evidence available informing the use 
of adjunctive hemostatic agents in clinical practice. This 
requires further attention in the renal transplantation set-
ting given the increased risk of hemorrhagic complications 
in patients with ESRD, with bleeding rates reported as high 
as 40–50% in this patient population.18 Further, hemosta-
sis can potentially be more challenging during deceased 
donor renal transplantation, as the operating surgeon is usu-
ally unfamiliar with the vascular anatomy of the allograft. 
Nevertheless, the importance of achieving hemostasis in this 
setting poses an opportunity for the investigation of novel 
agents to aid hemostasis.

The PEG-coated patch is a ready-to-use, topical hemo-
static agent that has a unique dual mechanism of action by 
initiating the coagulation cascade and facilitating platelet 
adhesion via PEG monomer cross-linkage. The combina-
tion of these two independent mechanisms can create rapid 
and lasting hemostasis by sealing the bleeding surface and 
accelerating the body’s clotting mechanism.19 The unique 

Table 1. Baseline characteristics

Characteristic PEG-coated 
patch  
(n=15)

Standard 
hemostasis 

(n=15)

p

Mean age (SD) 63.7 (11.1) 61.3 (10) 0.54

Sex, n (%)
Male
Female

8 (53.3%)
7 (46.7%)

9 (60%)
6 (40%)

0.713

Type of deceased donor
Donation after cardiac death
Neurologically deceased 
donor

4 (26.7%)
11 (73.3%)

7 (46.7%)
8 (53.3%)

0.256

Comorbidities
Hypertension
Coronary artery disease
Diabetes mellitus
Asthma
Chronic obstructive 
pulmonary disease

14 (93.3%)
7 (46.7%)
9 (60%)
1 (6.7%)
0 (0%)

14 (93.3%)
5 (33.3%)
4 (26.7%)
2 (13.3%)
2 (13.3%)

1.0
0.456
0.065
0.543
0.143

Renal replacement therapy
Hemodialysis
Peritoneal dialysis

10 (66.7 %)
5 (33.3%)

13 (86.7%)
2 (13.3%)

0.195

Previous renal transplant 1 (6.7%) 3 (20%) 0.283

Immunosuppresive therapy
Cyclosporine
Mycophenolic acid
Glucocorticoids
Sirolimus
Tacrolimus
Azathioprine
Antithymocyte globulin  
Basiliximab

2 (13.3%)
14 (93.3%)
15 (100%)

0 (0%)
14 (93.3%)

0 (0%)
3 (20%)

11 (73.3%)

0 (0%)
15 (100%)
15 (100%)

0 (0%)
14 (93.3%)
1 (6.7%)
4 (26.7%)
9 (60%)

0.143
0.309

–
–

1.0
0.309
0.666
0.439

Blood thinners 10 (66.7%) 10 (66.7%) 1.0

Past medical or surgical 
procedures

7 (46.7%) 7 (46.7%) 1.0

SD: standard deviation.

Table 2. Operative characteristics

Characteristic PEG-coated 
patch  
(n=15)

Standard 
hemostasis 

(n=15)

p

Intraoperative complications 0 (0%) 1 (6.7%) 0.309

Blood transfusion or blood 
products used

4 (26.7%) 6 (40%) 0.439

Number of Hemopatch® used
2
3

4 (26.7%)
11 (73.3%)

– –

Location of Hemopatch® 
application

Arterial anastomosis
Venous anastomosis
Renal sinus

13 (86.7%)
3 (20%)

15 (100%)

– –

Intraoperative perigraft drain 
placement

2 (13.3%) 1 (6.7%) 0.543

Postoperative ultrasound 
suggestive of perigraft 
collection

4 (26.7%) 6 (40%) 0.439
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mechanism of the PEG-coated patch to achieve hemosta-
sis in combination with its ready-to-use design presents a 
safe and feasible option as an adjunctive hemostatic agent. 
Other agents used to aid hemostasis are composed of oxi-
dized cellulose (Surgicel®), fibrin-thrombin collagen patches 
(TachoSil®), and gelatin-thrombin glue (Floseal®).20 A multi-
institutional study conducted across 18 centers by Breda et al 
demonstrated that among 1347 surgical cases, 77% had used 
a hemostatic agent.21 This relatively high rate of hemostatic 
agent usage reflects a trend favoring its use among surgeons. 
Further, several studies have found that these hemostatic 
agents are integral for achieving hemostatic control during 
partial nephrectomy.22-24 However, no studies to date have 
evaluated the use of a PEG-coated patch in deceased donor 
renal transplant surgery.

While we found a trend towards lower estimated intrao-
perative blood loss in the PEG-coated patch group com-
pared to the standard hemostasis group, this could be attrib-
uted to the initial control of bleeding from the renal hilum 
and renal sinus area. Further, we did not find a significant 
difference in blood loss among patients who received anti-
coagulation therapy. 

Blood transfusion given to renal transplant recipients often 
leads to broad sensitization. Both leukocytes and erythro-
cytes carry a significant HLA antigen load. Prevention of 
sensitization requires efforts to avoid unnecessary blood 
transfusions.25 Although there are multiple variables on 
which the decision to transfuse blood products depends 
on, in our study, the transfusion rates were similar between 
groups, which provides evidence for the safety of the PEG-
coated patch. This was supported by the trend towards a 
lower drop in hemoglobin observed 48 hours postopera-
tively in the PEG-coated patch group.

Perigraft collections after renal transplant are common and 
are reported as high as 50% in some series.15 Hematomas 
are the most common type of perigraft collection, usually 
occurring soon after transplant. Significant perigraft collections 
(>50 cc) can have considerable influence both on outcome 
and on functional recovery of the allograft.14 In our study, 
patients received a Doppler ultrasound on postoperative day 
2 to evaluate if perigraft collection occurred. Interestingly, the 
incidence of perigraft collection was similar between groups 
(27% vs. 40%; p=0.43) and lower than expected based on 
previous series. However, we were unable to compare the 
amount of perigraft collection, as only three patients had a 
drain placed intraoperatively. Nevertheless, this finding may 
suggest that the PEG-coated patch can be used without addi-
tional postoperative morbidity in this patient population.

The first clinical study of the PEG-coated patch on the 
genitourinary system was conducted by Imkamp et al, who 
investigated the performance of the PEG-coated patch in 
laparoscopic, zero-ischemia partial nephrectomy.22 This was 
a seven-patient case series demonstrating the hemostatic 

efficacy of a PEG-coated patch following enucleation of the 
renal mass. Hemostasis was achieved in all cases and the 
median tumor size was 3.0 cm. In four of the seven patients, 
no hemostatic undersuture was used. This may suggest that 
in select patients, particularly those with small exophytic 
tumors, a PEG-coated patch may be effective for hemostasis 
without the need for undersuture. The postoperative period 
was uneventful, and the investigators did not find any sig-
nificant drainage or bleeding on ultrasound. In the study, 
a PEG-coated patch was applied at the renal parenchyma, 
which could be a more active site for bleeding compared 
to the renal hilum and renal sinus fat, where it was applied 
in our study.

Several limitations exist in our study. This was a prospect-
ive, randomized, control trial conducted at a single center, 
recruiting a total of 30 patients over 15 months. As this 
was a pilot trial evaluating the initial experiences of using a 
PEG-coated patch in deceased donor renal transplant sur-
gery, blinding was not done. Assessment of hemostasis was 
subjectively determined by the operating surgeon, which 
may be a source of bias. Although drain output is an import-
ant indicator of graft function, we were unable to evaluate 
this parameter, as only three patients had a drain placed 
intraoperatively. As our study was unpowered with a small 
sample size, larger multicenter trials are required to valid-
ate our findings and establish efficacy. Future prospective 
trials should evaluate the reliability and long-term effects of 
using a PEG-coated patch with direct comparison to other 
hemostatic agents. Due to the limited scope of our study, we 
were unable to evaluate the potential advantages of the PEG-
coated patch on long-term graft function. To address this, 
future studies should have a longer followup and evaluate 
the cost-utility profile of the PEG-coated patch. However, to 
the best of our knowledge, this is the first study to investigate 
the safety and efficacy of a PEG-coated patch to achieve 
hemostasis in patients undergoing renal transplant surgery. 
Therefore, the use of a PEG-coated patch may be used to 
aid hemostasis in renal transplant surgery.

Conclusions

The PEG-coated patch is a novel hemostatic agent with a 
dual mechanism of action. We demonstrated its safety and 
feasibility in controlling intraoperative bleeding as an adjunct 
to traditional surgical methods for hemostasis in deceased 
donor renal transplant surgery. In our study, hemostasis was 
achieved in all cases using the PEG-coated patch. Compared 
to standard hemostatic methods, the PEG-coated patch group 
demonstrated similar intraoperative blood loss, incidence of 
perigraft collection, and rate of blood transfusion. Our data 
suggests that the PEG-coated patch is a safe and feasible 
adjunctive hemostatic agent in renal transplant surgery. 
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