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Abstract

The use of fibrin sealant during non-emergency surgery:
a systematic review of evidence of benefits and harms

Steven J Edwards,* Fay Crawford, Michelle Helena van Velthoven,
Andrea Berardi, George Osei-Assibey, Mariana Bacelar, Fatima Salih
and Victoria Wakefield

BMJ Technology Assessment Group, London, UK
*Corresponding author sedwards@bmj.com

Background: Fibrin sealants are used in different types of surgery to prevent the accumulation of
post-operative fluid (seroma) or blood (haematoma) or to arrest haemorrhage (bleeding). However, there is
uncertainty around the benefits and harms of fibrin sealant use.

Objectives: To systematically review the evidence on the benefits and harms of fibrin sealants in
non-emergency surgery in adults.

Data sources: Electronic databases [MEDLINE, EMBASE and The Cochrane Library (including the Cochrane
Database of Systematic Reviews, the Database of Abstracts of Reviews of Effects, the Health Technology
Assessment database and the Cochrane Central Register of Controlled Trials)] were searched from
inception to May 2015. The websites of regulatory bodies (the Medicines and Healthcare products
Regulatory Agency, the European Medicines Agency and the Food and Drug Administration) were also
searched to identify evidence of harms.

Review methods: This review included randomised controlled trials (RCTs) and observational studies
using any type of fibrin sealant compared with standard care in non-emergency surgery in adults.

The primary outcome was risk of developing seroma and haematoma. Only RCTs were used to inform
clinical effectiveness and both RCTs and observational studies were used for the assessment of harms
related to the use of fibrin sealant. Two reviewers independently screened all titles and abstracts to identify
potentially relevant studies. Data extraction was undertaken by one reviewer and validated by a second.
The quality of included studies was assessed independently by two reviewers using the Cochrane
Collaboration risk-of-bias tool for RCTs and the Centre for Reviews and Dissemination guidance for
adverse events for observational studies. A fixed-effects model was used for meta-analysis.

Results: We included 186 RCTs and eight observational studies across 14 surgical specialties and five
reports from the regulatory bodies. Most RCTs were judged to be at an unclear risk of bias. Adverse events
were inappropriately reported in observational studies. Meta-analysis across non-emergency surgical
specialties did not show a statistically significant difference in the risk of seroma for fibrin sealants versus
standard care in 32 RCTs analysed [n = 3472, odds ratio (OR) 0.84, 95% confidence interval (Cl) 0.68 to
1.04; p=0.13; 2= 12.7%], but a statistically significant benefit was found on haematoma development in
24 RCTs (n=2403, OR 0.62, 95% Cl 0.44 t0 0.86; p=0.01; 2= 0%). Adverse events related to fibrin
sealant use were reported in 10 RCTs and eight observational studies across surgical specialties, and 22
RCTs explicitly stated that there were no adverse events. One RCT reported a single death but no other
study reported mortality or any serious adverse events. Five regulatory body reports noted death from air
emboli associated with fibrin sprays.

© Queen'’s Printer and Controller of HMSO 2016. This work was produced by Edwards et al. under the terms of a commissioning contract issued by the Secretary of State for
Health. This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals
provided that suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be
addressed to: NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science
Park, Southampton SO16 7NS, UK.



Vi

ABSTRACT

Limitations: It was not possible to provide a detailed evaluation of individual RCTs in their specific
contexts because of the limited resources that were available for this research. In addition, the number of
RCTs that were identified made it impractical to conduct independent data extraction by two reviewers in
the time available.

Conclusions: The effectiveness of fibrin sealants does not appear to vary according to surgical procedures
with regard to reducing the risk of seroma or haematoma. Surgeons should note the potential risk of gas
embolism if spray application of fibrin sealants is used and not to exceed the recommended pressure and
spraying distance. Future research should be carried out in surgery specialties for which only limited data
were found, including neurological, gynaecological, oral and maxillofacial, urology, colorectal and
orthopaedics surgery (for any outcome); breast surgery and upper gastrointestinal (development of
haematoma); and cardiothoracic heart or lung surgery (reoperation rates). In addition, studies need to use
adequate sample sizes, to blind participants and outcome assessors, and to follow reporting guidelines.

Study registration: This study is registered as PROSPERO CRD42015020710.

Funding: The National Institute for Health Research Health Technology Assessment programme.
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Plain English summary

S urgeons use fibrin sealants during operations in place of stitches. The sealants act like a biological glue,
joining tissues together and stopping tissues leaking fluids. Using a fibrin sealant might lower the risk of
having a seroma (a collection of fluids) or a haematoma (a collection of blood outside a blood vessel). It is
not clear if fibrin sealants are more effective in operations at some body sites than at others, or in different
types of operation. In addition, there have been reports of fibrin sealants causing serious harm to people.

This study brings together the evidence on the benefits and harms related to the use of fibrin sealants in
different types of surgery. A total of 186 randomised controlled trials and eight observational studies were
found that looked at the use of fibrin sealants during surgery at various body sites, including the liver,
stomach, pancreas, heart and lungs. The evidence suggests a benefit for fibrin sealants in reducing the
likelihood of haematomas, particularly in hernia surgery, but there is uncertainty regarding whether or not
there is a benefit in surgery at all sites. Harms related to fibrin sealant use were reported in 10 randomised
controlled trials and eight observational studies across surgical specialties, whereas 22 randomised
controlled trials stated no harmful events. One randomised controlled trial reported a death caused by a
large bleed that was possibly related to fibrin sealant use, but other studies did not report deaths or
serious harms. However, holding the spray too close to a wound during application of the sealant has
been found to introduce air into the body, which could increase the risk of dying, but this is rare.

We found a large number of studies that showed a reduction in the risk of developing haematoma during
non-emergency surgery when fibrin sealant is used. Overall, the quality of the evidence found was unclear,
mostly because the methods used in studies were not reported clearly. Future research is needed to
improve the confidence of decision-making.
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Scientific summary

Background

Fibrin sealants are used in different surgery procedures to arrest haemorrhage (bleeding) or prevent the
accumulation of post-operative fluid (seroma) or blood (haematoma). It is unclear whether or not all
surgical procedures benefit from fibrin sealants and there is concern that use of fibrin sealants could be
associated with substantial harm.

Objectives

To systematically review the evidence on the clinical effectiveness and harms of fibrin sealants in
non-emergency surgery in adults.

Data sources

Electronic databases [MEDLINE, EMBASE and The Cochrane Library (including the Cochrane Database of
Systematic Reviews, the Database of Abstracts of Review of Effects, the Health Technology Assessment
database and the Cochrane Central Register of Controlled Trials)] were searched from inception to May 2015.
Ongoing and unpublished randomised controlled trials (RCTs) were identified from clinicaltrials.gov,
controlledtrials.com and clinicaltrialsregister.eu. The Medicines and Healthcare products Regulatory Agency
(MHRA), the European Medicines Agency (EMA) and the Food and Drug Administration (FDA) websites were
also searched to identify evidence of harms.

Methods

This review included RCTs and observational studies using any type of fibrin sealant compared with
standard care in non-emergency surgery in adults that assessed at least one of the specified outcomes.
The primary outcome was risk of seroma and/or haematoma, and secondary outcomes were haemorrhage
(bleeding), infection, pain levels, complications arising from the use of drains, resource use (reoperation,
length of hospital stay, duration of drainage and use of analgesics), health-related quality of life and
adverse events related to the use of fibrin sealants. Only RCTs were used to review clinical effectiveness
and both RCTs and observational studies were used for the assessment of harms related to the use of
fibrin sealant.

Randomised controlled trials and observational studies were included based on pre-specified inclusion
criteria. Two reviewers independently screened all titles and abstracts to identify potentially relevant studies
for inclusion in the review. Full-text publications were evaluated independently by two reviewers. Data from
included studies were extracted into a standardised data extraction form by one reviewer and validated

by a second reviewer. The quality of included studies was assessed independently by two reviewers using
the Cochrane Collaboration risk-of-bias tool for RCTs and Centre for Reviews and Dissemination guidance
on adverse events for observational studies. Extracted data and quality assessment for each study were
presented in structured tables. A fixed-effects model was used for the primary meta-analysis and a
random-effects model was used for the sensitivity analysis. Subgroup analyses for different surgical
specialties were conducted. Treatment effects were analysed as odds ratios (ORs) for dichotomous data
and as mean difference (MD) for continuous outcomes. Data that could not be appropriately combined by
meta-analysis were summarised in a narrative overview and presented in tables.
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Changes between the protocol and this review include the addition of risk of haematoma as a co-primary
outcome because haematoma was frequently reported and the mechanism of haematoma and seroma
formation was found to be similar based on clinical advice.

The search for benefits and harms of fibrin sealants in RCTs resulted in 1428 full papers and abstracts
being screened for inclusion in the review. Full publications for 443 studies were evaluated, of which 186
RCTs were included. The search for harms identified 4714 studies and 93 reports that were screened for
inclusion, of which eight observational studies and five reports of death in patients treated with fibrin
sealants during surgical procedures from the MHRA, EMA and FDA were included.

Thirty-seven trials across different surgical areas (breast and axillary/inguinal lymph nodes, hernia, plastic,
hepatic and otolaryngology surgery) reported the incidence of seroma as a study outcome. A meta-analysis
of data from 32 RCTs (n = 3472) did result in a non-significant reduction in risk of seroma with fibrin
sealant over standard procedures [OR 0.84, 95% confidence interval (Cl) 0.68 to 1.04; p=0.13;
2=12.7%). The co-primary outcome, risk of haematoma, was reported in 26 RCTs in breast and axillary/
inguinal lymph nodes, hernia, plastic, orthopaedic, upper gastrointestinal (Gl), oral and otolaryngology
surgery. A meta-analysis of 24 RCTs (n = 2665) demonstrated a statistically significant reduction in risk for
fibrin sealant versus standard care (OR 0.62, 95% Cl 0.44 to 0.86; p =0.01; 2=0%) that was driven by the
results for hernia surgery in four RCTs (n = 794, pooled OR 0.22, 95% CI 0.06 t0 0.74; p =0.01; > =0%).
Furthermore, there was a trend towards a reduction in the risk of haematoma in the remaining surgical
specialties, but this was not statistically significant (p = 0.87 for breast, p = 0.20 for orthopaedic and

p = 0.88 for upper Gl tract). The random-effects models for the primary outcomes showed similar results.

Secondary dichotomous outcomes of this review were risk of haemorrhage, reoperation and infections,
use of analgesics and complications arising from the use of drains. There was no statistically significant
difference between patients receiving fibrin sealants and those receiving standard care in the risk of
haemorrhage in a meta-analysis of 2125 patients in 17 RCTs (OR 0.64, 95% Cl 0.40 to 1.02; p =0.08;
2=0%) or in the rate of infections in a meta-analysis of 3902 patients in 25 RCTs (pooled OR 0.76, 95%
Cl 0.54 t0 1.06; p=0.12; 2=0%). However, a meta-analysis of six RCTs of upper Gl surgery (n = 995)
found a statistically significant reduction in risk of haemorrhage when using fibrin sealants (OR 0.39, 95%
Cl0.191t0 0.80; p=0.01; 2=0%). In a meta-analysis of 15 RCTs (n = 3789), the risk of reoperation was
statistically significantly lower in patients receiving fibrin sealants than in control subjects (OR 0.65, 95% Cl
0.48 t0 0.87; p < 0.01; 2 =0%). Use of analgesics was reported by only three RCTs that could not be
meta-analysed; there appeared to be no difference between fibrin sealant and standard care in two RCTs,
but patients with trans-sphincteric anal fistulas treated with fibrin sealant did not require analgesics,
whereas all those who received standard treatment did. No RCTs reported on complications arising from
the use of drains.

Secondary continuous outcomes included duration of operation, length of hospital stay, use of drains,
pain levels and health-related quality of life. A statistically significant benefit of fibrin sealants compared
with standard care was identified in the mean duration of operations for eyes in eight RCTs (=519, MD
—-12.13 minutes, 95% Cl -12.59 to —11.67 minutes; p < 0.01; 2=99.1%) and hernia surgery in two RCTs
(n=784, MD -2.56 minutes, 95% Cl -3.57 to —1.56 minutes; p < 0.01). However, in surgery with liver
mobilisation, two RCTs showed a statistically significant longer duration of surgery when fibrin sealants
were used (n =364, MD 19.07 minutes, 95% Cl 2.75 to 35.38 minutes; p = 0.02). Fibrin sealants were
shown to reduce the length of hospital stay for people undergoing upper Gl surgery involving the pancreas
in two RCTs (n =181, MD -1.40 days, 95% Cl —1.72 to —1.09 days; p < 0.01), cardiothoracic lung surgery
in three RCTs (n =269, MD -1.37 days, 95% Cl -1.93 to —0.81 days; p < 0.01; #=91.9%) and breast
surgery in eight RCTs (n =440, MD —0.73 days, 95% Cl -0.95 to -0.50 days; p < 0.01; > =88.7%).
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Fibrin sealants slightly reduce the duration of post-operative drainage for breast and axillary lymph nodes
in 12 RCTs (n =953, MD -0.50 days, 95% Cl -0.68 to —0.33 days; p < 0.01; 2 =90.6%) and the duration
of lung surgery in five RCTs (n =399, MD —0.46 days, 95% Cl -0.53 to -0.39 days; p < 0.01; #=91.0%)
than standard care. These results were not consistent across surgical procedures, with fibrin sealants
showing no beneficial effect when compared with standard care in the following specialties: duration of
operation in surgery without liver mobilisation in four RCTs (p = 0.46); gastric surgery in two RCTs

(p =0.07); length of hospital stay in gastric and bowel surgery in two RCTs (p = 0.82); joint surgery in four
RCTs (p = 0.87); and duration of drainage in hepatic surgery in four RCTs (p = 0.33). The high level of
heterogeneity warrants caution when interpreting the results of the secondary continuous outcomes. Pain
levels were reported in 20 RCTs but the large differences in the different scales used, time points at which
assessments took place and the lack of data on variability did not permit a meta-analysis. Health-related
quality of life was not reported in any of the RCTs.

Adverse events were reported in 10 RCTs in various surgical procedures (liver, kidney, mixed, oral and
maxillofacial, hernia, plastic and reconstructive, vascular and orthopaedic) that were reported as related to
the use of fibrin sealants by the investigators, and 22 RCTs explicitly reported that there were no adverse
events related to fibrin sealant use. Only one RCT reported a death as possibly related to fibrin sealant
application in upper-Gl surgery caused by a large bleed, but bleeding did not occur at the target site and
no further information was provided. Other RCTs reported on various non-severe adverse events including
mild cellulitis and mild seroma, anaemia, extravasation of urine, incision site complication and mild
generalised skin rash. Severity was unclear for excessive pain, scar pain, testicular pain hydrocele,
post-procedural haemorrhage and antibodies to hepatitis B. The eight observational studies reported
adverse events that appeared to be fibrin related in the view of primary study investigators and reviewers,
but there were no reports of death or serious adverse events.

Most full-text publications presented limited details on trial methodology and, as a consequence, were
judged to be at an unclear risk of bias. Overall, 154 RCTs were assessed as having an ‘unclear risk of bias’,
eight RCTs as having a 'high risk of bias’ and 24 RCTs as having a ‘low risk of bias’. Therefore, study
quality was not used in the meta-analyses as a sensitivity analysis. The validity of the eight observational
studies was compromised by a general failure to report whether or not adverse events were assessed
independently and if blinding to the assigned treatment was performed.

Limitations

It was not possible to provide a detailed evaluation of individual RCTs in their respective contexts because
of the limited resources that were available for this research. In addition, the number of RCTs that were
identified made it impractical to conduct independent data extraction by two reviewers in the time available.

Conclusions

The effectiveness of fibrin sealants does not appear to vary according to surgical procedures, as there was
virtually no heterogeneity in the meta-analyses of primary and secondary dichotomous outcomes. Fibrin
sealants appear to reduce the risk of haematoma development when used in non-emergency surgical
procedures compared with standard care, but the reduction in risk of post-operative seroma development
remains unproven.

Randomised controlled trials and observational studies mostly reported on no or minor adverse events
that appeared to be related to the use of fibrin sealants in the view of primary study investigators and
reviewers, but poor reporting of adverse events in primary studies warrants caution when interpreting
these results. Surgeons should note the potential risk of gas embolism if spray application is not performed
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in accordance with manufacturers’ recommendations and take the necessary precautions detailed in the
updated prescribing advice for these medicines.

It is necessary for those who undertake future RCTs to capture all important outcomes in the same
population of patients. Researchers should plan RCTs that collect data for biological outcomes

(e.g. seroma, haematoma, duration of drainage) as well as more service-related outcomes (e.g. length

of hospital stays and rates of reoperations) in order to reach a balanced view of the benefits or harms
arising from these products. Future research should be carried out in surgery specialties where only limited
data were found, including neurological, gynaecological, oral and maxillofacial, urology, colorectal and
orthopaedics knee or hip surgery (for any outcome); breast and upper-Gl surgery (for development of
haematoma); and cardiothoracic heart or lung surgery (for reoperation rates). Furthermore, reporting of
methodological aspects of studies, particularly for adverse events, should improve while following existing
reporting guidelines.

Study registration

This study is registered as PROSPERO CRD42015020710.
Funding

Funding for this study was provided by the Health Technology Assessment programme of the National
Institute for Health Research.
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Chapter 1 Background

Description of the health problem

Fibrin sealants are commercial products used during surgical procedures in many sites of the body
(including the liver, breast, pancreas, thorax and nervous system) and are widely regarded as useful
adjuncts to make blood clot, seal tissues and help the body repair mechanisms that can aid haemostasis
and reduce seroma formation. However, the benefits and harms of fibrin sealants remain controversial and
seem to be dependent on the surgical procedure.

Seroma and repair

Seroma is formed by acute inflammatory exudates in response to surgical trauma and in the acute phase
of wound healing." After surgery, the body’s natural response to the removal of organs or tissues is to fill
the space with fluid and blood cells. During this process, a collection of fluid and cells can result in the
formation of a seroma (collection of a clear, yellow fluid). Some parts of the body are especially prone to
seroma, for example the breasts and parts of the digestive tract.

Avoidance of post-operative drains

Post-operative drains are intended to prevent the build-up of fluid or seroma after some types of surgery by
filling ‘dead space’. The main concerns with seroma are that they can become infected or leak fluid and,

if they remain, over time become swollen, hard and uncomfortable. Both additional surgery to remove the
seroma and fine-needle aspiration are associated with increased resource use, such as nursing time, hospital
stay and analgesic or antibiotic use. There is contradictory evidence from two small randomised controlled
trials (RCTs)*? (n = 100 and n = 75) about the use of fibrin sealants as an alternative to post-operative
drains during thyroid surgery. In one trial, patient outcomes were best in the fibrin sealant group; pain

was significantly reduced, as was the length of time spent in hospital.? However, no statistically different
effects on any outcome was observed in a second trial.? The findings from individual RCTs also suggest that
post-operative pain can be reduced when fibrin sealants are used in skin graft surgery.

Fibrin sealants are not recommended for surgical use in some sites; they were reported to be ineffective in
reducing post-operative leakage from oesophago-gastric anastomoses.*

Tissue adhesion or sealing

A systematic review summarised the evidence for fibrin glue in the repair of pilonidal disease (the invasion
of hair into the skin of the natal cleft).® The review included five RCTs in which fibrin glue was used to fill
dead space and sinus tracks during surgery. The reviewers reported equivalent or better healing times at
an average of 2—-6 weeks and low recurrence rates between 0% and 17% at follow-up periods between
4 and 28 months for all patients treated with fibrin glue than for those treated with conventional
therapies. However, no statistically significant differences between those who received fibrin glue and
those who did not were observed. Furthermore, fibrin sealants are commonly used to prevent fistula
during pancreatic surgery.5®

Hernia repair

A systematic review of randomised and non-randomised studies evaluating fibrin sealants used in the
surgical management of hernia repair concluded that fibrin sealants are an effective alternative to
mechanical approaches.’

Dural repair in neurosurgery
Fibrin sealants can be used as an adjunct to dura (the outer-most layer of the brain and spinal cord) repair to
achieve intraoperative watertight closure of the dura and to reduce post-operative cerebrospinal fluid leak.
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A RCT (n = 139) showed the fibrin sealant EVICEL® (Ethicon, Livingston, UK) to be effective as an adjunct to
dural sutures. Intra-operative watertight closure was achieved in 82 out of 89 participants (92.1%) in the
EVICEL group, compared with 19 out of 50 participants (38.0%) in the control group (p < 0.001).™

Haemorrhage (bleeding)

Perioperative or post-operative haemorrhage is a common complication of surgery. Unexpected, excessive
perioperative bleeding can be due to a pre-existing undetected bleeding disorder, or to coagulation
abnormalities arising from massive blood loss and/or various coexisting pathologies." It can be related to
the nature of the operation itself. Red blood cell transfusion is often required as a result of perioperative
bleeding, but this resource can be scarce and there has been worldwide concern regarding its safety.

Assisting the arrest of haemorrhage (haemostasis) perioperatively is an important function of fibrin sealant
preparations. In a previous systematic review'? researchers demonstrated that fibrin use during the removal
of uterine fibroids in premenopausal women reduced blood loss and, consequently, the rate of blood
transfusions. However, the quality of evidence was assessed as low. This effect was also reported in a
systematic review of surgical interventions for liver, orthopaedic, vascular, prostate, thoracic, renal,
pancreatic and cardiac conditions.”™ A RCT evaluating the use of fibrin sealants in total knee arthroplasty
procedures also demonstrated statistically significant reductions in blood loss.™

Aetiology, pathology and prognosis
Incidence and/or prevalence and impact of the health problem

Seroma and repair

The development of seroma formation depends on the site of surgery. Approximately 50% of inpatients with
a closed suction drain develop post-operative seroma,’ and the incidence after breast cancer surgery and
axillary node dissections ranges from 15% to 60%.'® The most common complication of abdominoplasty is
seroma formation, and the incidence in abdominal procedures, including abdominoplasty, panniculectomy
and transverse rectus abdominis myocutaneous flap abdominal donor sites, ranges from 1% to 38%."

In a study of incisional hernia repair involving a combined fascial and prosthetic mesh repair in 35 patients
(16 males and 19 females), the incidence of post-operative seroma formation was 17%.'® One of the most
common and serious complications of pancreatic surgery is post-operative pancreatic fistula, defined as a
drain output of any measurable volume or fluid on or after post-operative day 3, with an amylase content
greater than three times the serum amylase activity.”?' The estimated incidence of post-operative pancreatic
fistula ranges between 2% and 24% based on different studies.??

Haemorrhage (bleeding)

The incidence of perioperative or post-operative bleeding also depends on the site or type of surgery.
Severe bleeding occurs in about 7% of patients undergoing cardiac surgery.?® Excess perioperative
bleeding following surgery results in the increased use of red blood cell transfusions: between 60% and
70% of all red blood cell transfusions are used in surgical settings.?*?* Moreover, bleeding perioperatively
or post-operatively increases the risk of morbidity and mortality." The mortality rate among patients
undergoing elective vascular surgery who experience severe bleeding has been reported to be
approximately 20%.%® Uncontrolled bleeding has been reported to be the cause of 30-40% of all
trauma-related deaths.?”’

Significance for patients in terms of ill health (burden of disease)

A seroma may cause problems because it can become infected or leak fluid and, over time, may also
become swollen, hard and uncomfortable. After thoracic surgery the placement of a post-surgical drain
can increase the length of hospital stay and cause discomfort. Problems arise when the drains do not work
properly and, as a result, become blocked and infected.
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Current service provision
Management of condition

Seroma and repair

To try to stop seroma formation, surgeons sometimes leave a drain (tube) in the wound to make sure fluid
can escape and does not build up after the operation. Occasionally, the only way to cure the problem is
further surgery to remove the seroma or drainage with a fine needle, which might increase the time spent
in hospital.

To prevent post-operative pancreatic fistulas, a number of methods have been proposed, including
application of duct stents, modification of anastomotic techniques and administration of somatostatin
(a hormone that inhibits the secretion of pancreatic juice).22"282°

Haemorrhage (haemostasis)

To look for ways to minimise the need for perioperative blood transfusion, a number of systematic reviews
assessed the efficacy and safety of different interventions for the International Study of Perioperative
Transfusion.?>>* These reviews showed that techniques for reinfusing patients’ own blood provided only
relatively small reductions in the need for blood transfusion. However, interventions to reduce surgical
blood loss resulted in significant improvements in reducing the need for blood transfusion.®

Variation in services and/or uncertainty about best practice

Relevant national guidelines

In 2012, a European review of the safety of sprayable fibrin sealants was started after reports of
life-threatening events and deaths following administration of fibrin sealants using a pressure regulator.®
The European Medicines Agency (EMA)’s Committee for Medicinal Products for Human Use (CHMP)
stated that the benefits of fibrin sealants outweigh their risks, but that appropriate procedures have to be
undertaken to optimise the safe use of fibrin sealant sprays during surgery.®

In 2013, four sprayable fibrin sealants were authorised in the UK: EVICEL, Tisseel Lyo® (Baxter Healthcare,
Norfolk, UK), Tisseel Ready® to Use (Baxter Healthcare, Norfolk, UK) and Artiss® [Solutions for Sealant],
deep frozen (Baxter Healthcare, Norfolk, UK). In all cases, the surface area of the wound should be dried
with standard procedures before applying the fibrin sealants spray with a pressure regulator device.*’

Description of technology under assessment

Summary of intervention

Fibrin sealants are commercial products that usually comprise two substances that occur naturally in
mammals: (1) fibrinogen, a protein; and (2) thrombin, an enzyme that acts on fibrinogen to produce a
fibrin clot, exactly as in normal blood clotting. The components used in these products are derived from
either human or animal blood. There are different preparations of fibrin sealants: patches, sponges and
bandage formulations, which can all be impregnated with fibrinogen and thrombin. Alternatively, fibrin
glue is a mixture of the two substances in liquid form, which is dispensed via a ‘gun’ and there is also a
liguid ‘droplet’ formulation that is delivered in an aerosol spray.*®

Fibrin sealants are used during surgical procedures in many sites of the body (including the liver, breast,
pancreas, thorax and nervous system) and are widely regarded as useful adjuncts to aid haemostasis and
reduce seroma formation. They are used to seal tissues and prevent the accumulation of post-operative
fluid and blood loss. Aerosol sprays, sponges, bandages and pad preparations are available, and all contain
elements that make blood clot and help the body repair.
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Concerns about safety

Fibrin sealants have been found to stop fluid collecting in the body after operations, but it is unclear if this
‘good effect’ works for all types of operations. There is concern that some types of fibrin sealants can have
harmful effects, such as leaving pockets of air in the body, which can be dangerous.

The Food and Drug Administration (FDA) in the USA has issued warnings about life-threatening air or

gas emboli developing after the use of fibrin sealant aerosol sprays during surgery. Users of the products
have been advised about the dangers of using sprays too close to exposed tissue surfaces and at higher
pressures than those recommended by the manufacturers.®® However, despite concerns about safety, data
from RCTs about harms are scarce.®® A multicentre RCT*' conducted in three Italian hospitals compared the
rate of adverse events in a group of patients receiving fibrin sealants as an adjuvant for air leak control

in patients undergoing lung resection. Air leakage and broncopleural fistulas in the lungs are both common
complications after these procedures. With a follow-up period of 30-40 days the investigators found that
the rate of adverse events was not statistically significantly different between patients who received fibrin
sealant and those who did not.*'

A review conducted in 2010% on the risks and complications of spinal fibrin sealants, included the two
fibrin glues EVICEL and Tisseel. It concluded that Tisseel had been used in clinical studies without adverse
events. However, the review found a lack of large clinical studies on the safety of EVICEL for neurosurgery.
A more recent RCT evaluating the safety of EVICEL found that the incidence of adverse events and
cerebrospinal leakage up to 30 days post surgery was similar in the EVICEL and control groups. No deaths
or suspected unexpected serious adverse drug reactions occurred during the trial.™

The authors of a systematic review of RCTs have suggested that the beneficial patient outcomes that have
been observed when using fibrin sealants are dependent on surgeon training in their use.*

Surgical specialties

The efficacy of fibrin sealants in different surgical specialties has been reported to differ. Therefore, where
possible, after carrying out a meta-analysis combining all surgical specialties, additional subgroup analysis
was carried out according to identified surgical specialties.

Type of intervention

For assessing the efficacy of fibrin sealant in reducing operative time, subgroup analysis according to
interventions and comparators was carried out, as application times of different interventions was expected
to vary.

Fibrin sealants are believed to be widely used by surgeons from many different disciplines working in the
UK. There are no data collected at a national level about the cost of fibrin products to the NHS; costs data
are likely to be available only at the level of NHS trust (NHS England, 2015, personal communication). It is
anticipated that variations in the use of fibrin sealants are likely.
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Chapter 2 Definition of the decision problem

Decision problem

The eligibility criteria pertaining to population, intervention, comparators and outcomes are summarised in
Table 1.

Overall aims and objectives of assessment
Objectives

® To map the evidence of benefits (clinical effectiveness) of use of fibrin sealants from RCTs.
® To map the evidence of harms (adverse events) related to the use of fibrin sealants from RCTs,
observational studies and regulatory body reports.

TABLE 1 Eligibility criteria

PICOS Criteria

Population People aged > 18 years undergoing non-emergency surgery at any site in secondary care (hospital)

Intervention Any fibrin sealant product including

fibrin glue

fibrin spray

fibrin sponges, bandages
fibrin aerosol

fibrin tissue adhesive

Comparators  Standard care

Outcomes Primary outcomes

® seroma development
® haematoma development

Secondary outcomes

haemorrhage (blood loss)

infections

pain levels

complications arising from the use of drains

Resource use

e use of analgesics

® nurse or doctor time

® length of hospital stay

® use of drains

Health-related quality of life

Adverse events related to the use of fibrin sealant (attributed by the primary study authors and/or reviewers)

In addition, an important output of the review will include an overview of gaps in knowledge to inform
recommendations for future primary research, including specific outcomes for different conditions

Study design RCTs and observational studies

PICOS, population, intervention, comparators, outcomes and study design.
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Chapter 3 Assessment of clinical effectiveness

Methods for reviewing clinical effectiveness

Evidence on the clinical effectiveness of fibrin sealants was identified by conducting a systematic review of
the published research literature. The review was undertaken following the general principles published
by the Centre for Reviews and Dissemination (CRD) and the Cochrane Collaboration.** The protocol for
the systematic review is registered on PROSPERO (registration number CRD42015020710).* The protocol
and review were developed with clinical experts who had experience with using fibrin sealants (Professor
John MacFie, University of Hull, Hull, and Mr Alexander Green, John Radcliffe Hospital, Oxford). Guidance
for systematic review reporting on benefits*® and harms* was followed where possible.

Eligibility criteria

Eligibility criteria for the review of clinical effectiveness were as specified in the decision problem

(see Table 1 for a summary). The review included RCTs to assess both the benefits and harms, and
observational studies and regulatory body reports to assess adverse events related to fibrin sealants in the
view of primary study investigators and/or reviewers. Systematic reviews and other types of studies were
excluded. The interventions of interest were any type of fibrin sealant. RCTs and observational studies were
included if the treatments were evaluated in an adult population undergoing non-emergency surgery in a
secondary care setting and compared with standard care. Regulatory body reports were included if they
reported on deaths or serious adverse events related to fibrin sealants. RCTs were excluded if none of the
outcomes of interest was reported. Observational studies were excluded if they did not report on adverse
events that were thought to be related to the use of fibrin sealants.

Identification of studies

Search strategy

Two search strategies, one for RCTs and one for observational studies, were developed (see Appendix 1).
Information on benefits and harms were extracted from RCTs. The searches for RCTs combined terms

for the technology being assessed and the study design using the Cochrane Collaboration RCT filter.*
Evidence of harms was obtained from observational studies with a search strategy focused on adverse
events. For observational studies, the searches combine both controlled vocabulary terms (medical subject
heading and EMTREE) and free-text terms for general adverse events from the CRD* and Cochrane
guidance,®* including the following: safe, safety, side effect, undesirable effect, treatment emergent,
adverse effects, contraindications and complications.***' Both search strategies for RCTs and observational
studies included terms for the technology, which used both controlled vocabulary terms (medical subject
heading and EMTREE) and free-text terms including the following: fibrin sealant, fibrin adhesive, fibrin
glue, fibrin sponges, fibrin bandages or aerosol and commercial names. The search strategies were refined
by scanning key papers identified during the review, through discussion with the review team, clinical
experts and information specialists (see Appendix 7). No limits relating to inception date or language were
applied to the searches.

The following searches were conducted in May 2015. The following electronic sources were searched:
MEDLINE, EMBASE and The Cochrane Library (including the Cochrane Database of Systematic Reviews,
the Database of Abstracts of Reviews of Effects, the Health Technology Assessment database and the
Cochrane Central Register of Controlled Trials). Ongoing and unpublished RCTs were searched for in the
following websites: clinicaltrials.gov, controlled-trials.com and clinicaltrialsregister.eu. For observational
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studies websites from the following organisations were searched: Medicines and Healthcare products
Regulatory Agency (MHRA) (www.gov.uk/search?qg=fibrin+sealants), the EMA (www.ema.europa.eu/ema/
index.jsp?curl=search.jsp&g=FIBRIN+SEALANT&spell=1&site=pfoi_collection&client=pfoi_frontend&
ie=UTF-8&output=xml_no_dtd&proxystylesheet=pfoi_frontend&access=p) and the FDA (www.accessdata.
fda.gov/scripts/cdrh/cfdocs/cfmaude/detail.cfm?mdrfoi__id=4277068). Relevant reviews and guidelines
were identified through searching additional resources, including Clinical Evidence, National Institute

for Health and Care Excellence, National Institute for Health Research Health Technology Assessment
programme and the University of York Database of Abstracts for Reviews of Effectiveness. Additionally,
reference lists of included papers were assessed and the abstracts from key conference proceedings were
screened. Furthermore, clinical experts in the relevant therapy area were contacted to request details of
RCTs and observational studies (published and unpublished) of which they may be aware.

Abstract appraisal

Titles and abstracts of studies identified by the search process were assessed for inclusion independently by
two reviewers (GOA and MvV). In cases where the reviewers were unable to reach a consensus regarding
whether or not the full text should be obtained for further appraisal, the full text was obtained. When
potentially relevant data were identified, corresponding authors were contacted to obtain the full
publications. A deadline for response to the initial contact of 1 calendar month was imposed. Studies were
not screened on the basis of the presence or absence of harms-related terms in title or abstract as harms
were expected to be reported in other sections of the primary study publications.*’

Study inclusion assessment

Two teams of two reviewers (GOA and MvV, FSa and MB) independently assessed the full text of the RCTs
and observational studies identified during the abstract assessment stage for inclusion, and differences in
opinion were arbitrated by a third reviewer (FC). Studies rejected at this or subsequent stages were
recorded in a ‘characteristics of excluded studies table’ and reasons for exclusion recorded.*® Only RCTs
reporting on one of the outcomes specified in Table 1 and only observational studies or regulatory body
reports of adverse events related to the use of fibrin sealants were included.

Data were extracted by one reviewer using a standardised data extraction form (items for which data

were reported are presented in Appendix 2) and independently checked by another reviewer. Information
extracted included details of the study’s design and methodology; the intervention and comparators; baseline
characteristics of participants and outcome measures, including clinical efficacy outcomes (variables for which
data were sought are reported in Table 20 in Assessment of benefits) and any type of adverse event related
to the use of fibrin sealants as attributed by the primary study authors of studies or regulatory organisations.
No data were sought for patient-underlying risk factors or for practitioner training or qualifications. When
there was incomplete information, attempts were made to contact authors to request for further details.
Discrepancies in the data extraction were resolved by discussion with involvement of a third reviewer.

Data from intention-to-treat (ITT) analyses were extracted. When a trial did not report ITT data for
dichotomous outcomes, missing data were treated as treatment failures to allow analysis to conform to an
ITT analysis.>® For the purpose of this review, ITT analysis was defined as the analysis of patients according
to the treatment group to which they were allocated at randomisation, irrespective of whether they
received the allocated intervention, withdrew or were lost to follow-up.

The quality of included studies was assessed by one reviewer and independently checked by another.
Any disagreements were resolved by consensus and the opinion of a third reviewer was sought.**4¢
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Randomised controlled trials were assessed according to the guidance published by the CRD*® and the
Cochrane Handbook for Systematic Reviews of Interventions,** and recorded using the Cochrane
risk-of-bias tool. Seven domains were assessed for each included study:

random sequence generation
allocation concealment

blinding of participants and personnel
blinding of outcomes assessment
incomplete outcome data (study level)
selective reporting

‘other bias’.

NoukwnN =

Three bias assessment categories were used: low, high and unclear risk. Unclear risk was assigned because
of poor reporting of how the trial was conducted rather than a poorly conducted trial. RCTs that were
deemed to be at low or unclear risk of bias were included in the main analysis.

Within a study, a summary assessment of low risk of bias was given when there was a low risk of bias for
all key domains, unclear risk of bias when there was an unclear risk of bias for one or more key domains
and high risk of bias when there was a high risk of bias for one or more key domains. Across studies,

a summary assessment of the risk of bias for the primary outcome (across domains) was undertaken.

For observational studies, guidance from the CRD* was used to inform the quality assessment of adverse
event reporting in observational studies. Although criteria for quality assessment of adverse event data
from observational studies are currently being developed, most tools have not been validated and there is
currently no agreement on how these quality assessments should be used in systematic reviews.***' Tools
that have been validated for different types of observational studies seemed inadequate for the purpose
of this systematic review.>"*? Therefore, the relevant questions for quality assessment from the CRD*
guidance were used:

—_

Is there an adequate explanation of how adverse effects were identified?

Were the adverse effects assessed independently by someone other than the surgeon performing
the procedure?

Are the measurement instruments described?

Is the timing and duration of follow-up reported?

Was a standardised or validated measurement instrument used?

How was the adverse effect(s) attributed to the intervention?

Was the process was blinded to assigned treatment?

Are the terms clearly explained?

N

© Nk Ww

The following question that was deemed relevant was also added: Are all adverse events from the
population reported?

Publication bias

For each of the primary pairwise meta-analyses, a funnel plot was assessed for publication bias when at
least 10 studies were included. A regression of normalised effect versus precision was calculated as a test
for small study effects (using p < 0.10 as an indicator of a significant result), and Egger bias values are
presented in Quantity and quality of research available.>?

Methods of analysis/synthesis
For all study designs (RCTs and observational studies) data were tabulated and discussed in a narrative
analysis. In this narrative the evidence is grouped according to shared characteristics relevant to the review
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question. A meta-analysis was performed to estimate a summary measure of effect on relevant outcomes
based on ITT analyses. For dichotomous outcomes, odds ratios (ORs) were used as the summary statistic.
For continuous outcomes, mean difference (MD) was the summary statistic. Meta-analyses were conducted
when clinically homogeneous studies of similar comparisons reporting the same outcome measures were
identified. Standard pairwise meta-analysis was conducted when more than one RCT was identified.
Meta-analysis of continuous outcomes was carried out with the inverse variance method.* For dichotomous
outcomes meta-analysis was carried out using a fixed-effects model with the Mantel-Haenszel method.>*
Sensitivity analysis was conducted using a random-effects model with the DerSimonian and Laird method.*®
Subgroup analyses were performed for specific surgical indications, when possible. Studies with zero events
in both the intervention and control group were reported in a narrative.

In RCTs with more than one control group, the control that was reported as standard care was

included. However, in RCTs where standard care was unclear or variable, all control groups were included.
In cases for which standard care was unclear or variable, the different control groups were compared with
a respective proportion of patients of the intervention group; for example if there were three control
groups, the fibrin population was divided by three and compared in a pairwise meta-analysis with each
control. The same approach was undertaken in RCTs with more than one fibrin group (i.e. different
concentrations) and one control group; all the fibrin sealant groups were included and the number of
patients in the control group was divided appropriately. This procedure was followed to avoid double
counting of events.

Heterogeneity

For pairwise meta-analysis, heterogeneity was explored through consideration of the study populations,
methods and interventions, by visual inspection of results and, in statistical terms, by the chi-squared test
for homogeneity and the P statistic. Statistically significant heterogeneity was defined as p < 0.10. Levels of
inconsistency were assessed using  and were defined as follows: P of 0-25% = low level of inconsistency;
26-50% = moderate level of inconsistency; and > 50% = high level of inconsistency.*® In instances when
statistically significant heterogeneity was detected in the analyses, a hypothesis-generating subgroup
analysis was conducted.?’

Sensitivity analysis
The sensitivity analysis was conducted using a random-effects model with the DerSimonian and
Laird method.>*

Changes between protocol and systematic review

Systematic reviews were not included and, therefore, the quality of systematic reviews was not assessed
as was mentioned in the protocol. Haematoma is an additional post hoc primary outcome that was not
reported in protocol. As the mechanism of haematoma and seroma formation is similar and is reported in
some studies interchangeably, it was deemed important to include haematoma as a primary outcome.

In addition, a post hoc analysis of combined seroma and haematoma development was undertaken.
Haemorrhage, pain levels and infections were described in the protocol as adverse events, but have been
moved to secondary outcomes as these were found to be adverse events of surgery, but not adverse
events related to fibrin sealant (and fibrin sealants are used to reduce these adverse events related to
surgery). Duration of the operation was used to reflect the outcome ‘nurse or doctor time’ instead of the
previously mentioned ‘dressing or fine-needle aspirations’. Sensitivity analyses were planned for aspects
of the review that might have an impact on the results; for example, including studies where there is a
high risk of bias.>® However, most studies were assessed as having an unclear risk of bias and, therefore,
these analyses were not deemed to be appropriate. Sensitivity analysis using a random-effects model
was conducted, but because of the large number of RCTs identified in the review, it was not possible

to perform additional analyses in the time available.
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Results
Quantity and quality of research available

Quantity of randomised controlled trials

A total of 2509 records were identified by searching MEDLINE, EMBASE and The Cochrane Library (Figure 7).
After deduplication and screening records, 443 full-text papers were assessed for inclusion. After reviewing the
full text, 257 studies were excluded for various reasons, as outlined in Figure 1 (for details of excluded studies
see Appendix 3). We included 186 RCTs, which are summarised in Table 2. These RCTs were undertaken

in 14 different surgical specialties (classification based on the Royal College of Surgeons of England®®) or
included a mix of different surgical specialties (four papers combined different surgical specialties), and are
presented in Table 2.

Records identified through Records identified through
database searching other sources
(n=2509) (n=2)

: '

Records after duplicates removed

(n=1428)
Records screened Records excluded
(n=1428) (n=985)
Full-text articles Full-text articles excluded,
assessed for eligibility ————p with reasons
(n=443) (n=257)
¢ Not fibrin glue, n=14
® Abstracts, n=58
y « Not a RCT, n=33
Studies included in ¢ Included children, n=25
narrative synthesis e Control is fibrin sealant, n=14
(n=186) * Both trial arms received
fibrin sealant, n=9
¢ Control not standard
care, n=9
e Discussion papers, n=2
Studies included in ¢ Duplicate, n=23
quantitative synthesis e Letters without data, n=11
(meta-analysis) * Review article, n=10
(n=37) * Not surgery, n=9
e Commentary, n=6
e Qutcomes not of interest, n=6
¢ No translator found, n=5
e Not in humans, n=3
¢ Unobtainable, n=3
e Interim results, n=2
¢ Emergency procedures/wrong
indication, n=4
¢ Protocol, n=1
e Erratum, n=1
e Other, n=9

\ J

FIGURE 1 Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow diagram for RCTs.
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ASSESSMENT OF CLINICAL EFFECTIVENESS

TABLE 2 Overview of surgical specialties and number of RCTs

Surgical area Number of RCTs

Upper Gl tract (digestive system) 33
Stomach 1"
Liver 13
Gallbladder 3
Pancreas 6

Breast and lymph nodes 30
Breast and/or axillary lymph nodes 19
Inguinal and/or axillary lymph nodes 9
Pelvic and/or para-aortic lymph nodes 1
Thorax/oesophagus lymph nodes 1

Cardiothoracic 20
Lung 16
Heart 4

Orthopaedic (joints) 17
Shoulder 1
Hip 5
Knee 11

Eye 15

Hernia 14

Otolaryngology (ENT) 7
Nose 6
Tonsils 1

Vascular 13

Plastic or reconstructive 10
Skin (graft and ulcer) 5
Buttock (pilonidal disease) 2
Abdomen (lipoabdominoplasty) 2
Ischial region 1

Colorectal (anus) 5

Urology (urinary tract) 5
Kidney 3
Prostate 1
Urethra 1

Oral (mouth) and maxillofacial 7

Mixed 4

Gynaecological 4

Neurological 2

Total 186

ENT, ear, nose and throat; Gl, gastrointestinal.
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Sample sizes ranged from seven participants in Nativ et al.*® to 1436 participants in Tavilla et al.,*° with a
median sample size of 62 participants and most values at the lower end. RCTs were published over the
past 30 years, since 1985. The main fibrin sealants used were Tisseel (n = 37)/Tissucol® (ImmunoAG,
Vienna, Austria) (n = 16), Quixil® (Johnson & Johnson Wound Management, Somerville, NJ, USA) (n = 23),
TachosSil® (Takeda Austria GmbH, Linz, Austria) (n = 18), Beriplast® (Behringwerke, Marburg, Germany;
FSBP, Aventis Behring, Strasbourg, France) (n = 12), Vivostat® (Vivolution A/S, Birkergd, Denmark) (n = 8)
and EVICEL (n=6).

In addition, 87 RCTs from clinicaltrials.gov were identified, of which 11 relevant trials started since
January 2013 (see Appendix 4). Seven trials from controlled-trials.com were found, of which none was
recent (since January 2013). A total of 26 trials from clinicaltrialsregister.eu were found, of which 4 were
relevant, recent RCTs (see Appendix 4).

In the following subsections the quantity of RCTs and their characteristics for each of the 14 surgical
specialties are described.

Upper gastrointestinal (digestive system) surgery

A total of 33 upper gastrointestinal (Gl) tract surgery RCTs were identified:®"* 13 liver surgeries,®> 7577250
three cholecystectomies,”®® seven pancreatic surgeries, %% five gastric surgeries®54899092 and five
surgeries in other areas of the digestive tract®'52%789 (Taple 3). Fibrin sealants had a range of indications
in the RCTs reporting Gl tract surgeries: improving haemostasis, reducing leakage and wound drainage,
and preventing post-operative complications. A variety of different fibrin sealants were used. The sample
size ranged from 13%' to 3205 participants, with a mean size of 116 participants. The follow-up duration
varied from approximately 7 days in Fernandez et al.®®* to 53 months in Huang et al.,* but was
infrequently reported.

TABLE 3 Summary of included RCTs in upper Gl tract (digestive system) surgery

Bektas et al., 2014%® 31 Liver resection Tisseel spray Compression

de Boer et al., 2012%° 45 Liver resection Quixil/Crosseal (Johnson & Standard care

Johnson Wound Management,
Somerville, NJ, USA)
Chapman et al., 60 Hemihepatectomy or CoStasis Surgical Hemostat Standard care
2000% segmental liver resection (Cohesion Technologies Inc.,
Palp Alto, CA, USA)
Uetsuji et al., 1994% 96

Hepatectomy IMMUNOAG spray (IMMUNO  Liver mobilisation

AG, Vienna, Austria)

Liu and Lui, 1993% 118 Liver resection Fibrin sponge/bandage Standard care

Noun et al., 19967 137 Liver resection Biocol glue (Bio-transfusion, Standard care

Lille, France)
Figueras et al., 2007"" 143 Liver and contralateral Tissucol Standard care
resection
Fischer et al., 201172 146 Liver resection TachoSil patch Argon beam coagulation
Frilling et al., 2005* 148 Liver resection TachosSil Argon beam coagulation
Kakaei et al., 20137 166 Liver resection TachoSil patch Surgicel (Ethicon,
Somerville, NJ, USA)
Kohno et al., 1992”° 174 Liver resection Beriplast Bovine microcrystalline

collagen powder

continued
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ASSESSMENT OF CLINICAL EFFECTIVENESS

TABLE 3 Summary of included RCTs in upper Gl tract (digestive system) surgery (continued)

Moench et al., 20147

Schwartz et al.,
2004”7

Fu et al., 200978

Danielsen et al.,
20107

Dimo et al., 1989%°
Carter et al., 2013*

Suzuki et al., 1995%

Lillemoe et al., 2004%

Montorsi et al.,
2012%

Suc et al., 2003%

Martin and Au,
2013%

Hwang and Chen,
1996°'

Huang et al., 2015%

Fernandez Fernandez
etal., 1996%
Oliver et al., 2012%

Musella et al., 2014%

Silecchia et al.,
2008%

Pilone et al., 2012%

Sroka et al., 2015%°
Fekété et al., 1992%

Bulbuller et al.,
2013%

Huang and Qian,
2014%

187

207

60

51

80
101

56

124

275

182
57

13

42

86

104

100

320

30

165

100

65

95

Liver resection

Liver resection

Laparoscopic
cholecystectomy

Laparoscopic
cholecystectomy

Cholecystectomy

Pancreatectomies

Distal pancreatectomy

Pancreaticoduodenectomy

Pancreatectomy

Pancreaticoduodenectomy

Pancreaticoduodenectomy

Closure of low-output
enterocutaneous fistula

Locally advanced gastric
cancer without peritoneal
metastases

Total gastrectomy for
gastric adenocarcinoma

Anastomosis of the
digestive tract

Laparoscopic sleeve
gastrectomy

Laparoscopic Roux-en-Y
antecolic antegastric
gastric bypass

Laparoscopic sleeve
gastrectomy for bariatric
surgery

Laparoscopic sleeve
gastrectomy

Surgery requiring
oesophageal anastomosis

Gastrectomy

Radical gastrectomy

TachosSil patch

Crosseal/Quixil spray
Fibrin sealant
Vivostat

Beriplast spray

Vitagel injection (Stryker,
Kalamazoo, MI, USA)

Tisseel glue

Hemaseel glue (Baxter
Healthcare Corp, Deerfield,
MA, USA)

TachosSil patch

Tissucol spray

Tisseel adhesive

Fibrin tissue glue, infused

Fibrin sealant spray

Tissucol fibrin glue

Tissucol Duo (1 ml)

Tiseel spray

Tissucol/Tisseel

TachoSil spray

EVICEL spray

Quick-setting fibrin glue

Tisseel

Fibrin spray

Collagen hemostat
sangustop fleeces

(B. Braun Surgical S.A.,
Barcelona, Spain)
Haemostatic agents
Fibrin sealant and
ropivacaine hydrochloride

Human albumin

Standard care

Staples or sutures
Standard care

Standard care

Standard suturing or
stapling

Standard care

Standard care

Conservative treatment

Cisplatin hyperthermic
intraoperative
chemotherapy
Standard care
Standard care

Standard care

Sutures

Standard care

Sutures

Standard care

Without suture

Standard care
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Breast and lymph node surgery
A total of 30 breast and lymph nodes surgery RCTs**'# were identified: 19 in breast and/or axillary lymph
nodes,”> 2123 nine in inguinal and/or axillary lymph nodes,**''*"'2° one in pelvic and/or para-aortic lymph
nodes'' and one in thorax/oesophagus lymph nodes'® (Table 4). Fibrin sealants were used as a wound
sealant in all RCTs apart from Zhibo and Miaobo,*® when a local anaesthetic was incorporated into

the fibrin sealant. A variety of different fibrin sealants were used in different forms, such as patches
[TachoComb (Takeda Pharma, Apotekerstien, Denmark) and TachoSil] and sprays (Vivostat, Tisseel and
Beriplast). Control-group interventions included standard closure, lidocaine only, no fibrin and no drain.
The sample size ranged from 26""* to 159'"° participants, with a mean size of 66 participants. Individual
randomisation took place in all the RCTs. The follow-up duration varied from approximately 3 days in
Moore et al.'® to 46 months in Swan et al.,"”® but was infrequently reported.

TABLE 4 Summary of included RCTs in breast and lymph nodes surgery

Zhibo and Miaobo,
2009%

Ulusoy et al., 2003%

Dinsmore et al.,
2000

Nielsen et al., 1985'%
Udén et al., 1993
Jain et al., 2004*
Johnson et al., 2005

Llewellyn-Bennett
etal., 2012

Ko et al., 2009'*

Miri Bonjar et al.,
201203

Mustonen et al.,
2004

Segura-Castillo et al.,
2005'®

Moore et al., 1997

Berger et al., 2001'”
Gillly et al., 1998'%

Benevento et al.,
2014'%

Cipolla et al., 2010'"°
Moore et al., 2001™"

30

54
27

38
68
116
82
101

95

60

40

45

63

60
108

60

159
80

Breast: surgical augmentation

Breast: mastectomy

Breast: mastectomy

Breast: mastectomy

Breast and axillary lymph nodes
Breast and axillary lymph nodes
Breast and axillary lymph nodes

Breast and axillary lymph nodes

Breast and axillary lymph nodes

Breast and axillary lymph nodes

Breast and axillary lymph nodes

Breast and axillary lymph nodes

Breast and axillary lymph nodes

Axillary lymph nodes
Axillary lymph nodes

Axillary lymph nodes

Axillary lymph nodes
Axillary lymph nodes

Fibrin glue and lidocaine

Fibrin sealant, spray

Autologous fibrin glue,
spray

Tisseel, spray

Tisseel, adhesive
Tisseel spray; no drains
Hemaseel APR, spray

Tisseel, spray

Greenplast kit (Green Cross
Corp., Seoul, Korea), spray

Hemaseel, spray

Tisseel, spray

Quixil, spray

Autologous fibrin sealant,
spray

TachoComb H, patch

Tissucol, unclear
application

Fibrin sealant

Fibrin sealant, spray

Fibrin sealant VI Guard
spray (V.. Technologies,
Inc. Vitex, Watertown, MA,
USA) 4/8/16 ml

Lidocaine only

Standard closure

Standard closure

Standard care
Standard closure
No fibrin, no drain
Standard closure

Standard closure

Standard closure

Standard closure

Standard closure

Standard closure

Standard closure

Standard closure

Standard closure

Standard closure

Standard closure

Standard closure
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TABLE 4 Summary of included RCTs in breast and lymph nodes surgery (continued)

Study (author, year)

Vaxman et al., 1995'"
Swan et al., 2011'"
Siim et al., 1994
Gilly et al., 1994'"
Furrer et al., 1993'®

Di Monta et al.,
2012""7

Neuss et al., 2009'"®

Simonato et al.,
2009'"°

Carlson et al., 2008%*

Mortenson et al.,
2008

Scholz et al., 2002

Tachibana et al.,
20032

58
60

137
30

93

43

Axillary lymph nodes

Axillary or inguinal lymph nodes
Axillary or inguinal lymph nodes
Axillary or inguinal lymph nodes
Axillary or inguinal lymph nodes

Axillary or ilioinguinal lymph
nodes

Inguinal lymph nodes

Inguinal lymph nodes

Inguinal lymph nodes

Inguinofemoral lymph nodes

Pelvic or pelvic and para-aortic
lymph nodes

Thorax/oesophagus lymph nodes

Intervention

Tisseel, spray

Tisseel, spray

Tisseel, unclear application
Tissucol, spray

Tissucol, spray

TachoSil, patch

Tissucol, spray

TachoSil, patch

Tisseel, spray

Tisseel, unclear application

Tissucol, spray

Bohleal (Kaketsuken
Pharmaceutical,
Kumamoto, Japan), spray

Control

Standard closure
Standard closure
Standard closure
Standard closure
Standard closure

Standard closure

Standard closure

Standard closure

Standard closure

Standard closure

Standard closure

Standard closure

Cardiothoracic surgery

A total of 18 cardiothoracic surgery RCTs®'247%0 \were identified, of which 14 were in lung surgery'*'¥’
and four were in heart surgery® 3% (Table 5). In lung surgery, fibrin sealants were used to prevent

or reduce air leakage, whereas in heart surgery the indication for fibrin sealants was to stop bleeding.
A variety of different fibrin sealants were used, such as patches (TachoComb and TachoSil) and sprays
(Vivostat, Tisseel or Beriplast). Control-group interventions included sutures, stapling, clips, standard
patches, fleece material, electrocautery or no additional procedures. The sample size ranged from 23'®
to 346 participants, with a mean size of 115 participants.

TABLE 5 Summary of included RCTs in cardiothoracic surgery

Study (author, year)

Lung
Fabian et al., 2003'?

Droghetti et al.,
2008

Lopez et al., 2013'®
Rena et al., 2009'%’

Gonfiotti et al.,
2011

Sample
size

100
40

346
60
186

Surgery

Pulmonary resection

Pulmonary resection

Pulmonary resection
Pulmonary resection

Pulmonary resection

Intervention

Fibrin glue spray
Fibrin patch

TachoSil patch
TachoSil patch

Fibrin sealant

Stapling
Stapling

Suturing
Standard treatment

No additional
interventions
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TABLE 5 Summary of included RCTs in cardiothoracic surgery (continued)

Moser et al., 2008'% 25 Pulmonary resection Vivostat system No additional
interventions
Belcher et al., 2010™" 102 Pulmonary resection Vivostat system, spray BioGlue (Cryolife,
Kennesaw, GA,
USA)
Mouritzen et al., 114 Pulmonary resection Beriplast P spray Not specified
19933 (pneumonectomies, lobectomies,
bilobectomies, segmental
resections, subsegmental
resections or decortications)
Belboul et al., 2004 40 Pulmonary resection (lobectomy)  Vivostat system No additional
interventions
Lang et al., 2004"* 186 Pulmonary resection (lobectomy) ~ TachoComb, Sutures
fleece-bound sealant
Anegg et al., 2007'% 152 Pulmonary resection (lobectomy,  TachoSil, fleece-bound Sutures with
segmentectomy) sealant patch absorbable patches
or staples
Marta et al., 2010™* 299 Pulmonary resection (lobectomy)  TachoSil, surgical patch Resuturing, stapling
or no treatment
Filosso et al., 2013"¢ 24 Pulmonary resection TachoSil, patch Stapling/suturing
(thoracotomy, lobectomy)
Czerny et al., 2004' 80 Lobectomy and mediastinal TachoComb, bandage/ Conventional
lymph node dissection patch surgical
haemostasis
Heart
Kjaergard and 23 Primary coronary artery bypass Vivostat system Sutures, clips and
Trumbull, 1998'%® surgery/grafting electrocautery
Kjaergard and 60 Median sternotomy Vivostat system No additional
Trumbull, 2000'*° interventions
Maisano et al., 2009'* 119 Elective surgery on the heart, TachosSil, patch Standard

ascending aorta or arch
requiring a cardiopulmonary
bypass procedure

haemostatic fleece
material

Orthopaedic (joint) surgery

A total of 17 RCTs" 7158 in orthopaedic surgery were identified (Table 6). Eleven reported fibrin usage
for knee arthroplasty,'%">" whereas five reported on hip arthroplasty'"'>>7"**'5¢ and one on shoulder
surgery.’ In knee and hip arthroplasty, fibrin was used as a haemostatic agent. The most commonly
reported sealant used was Quixil spray, which was used in eight RCTs.'#14471481541% The remaining RCTs
reported using EVICEL,"" Vivostat™' and Omrixil® spray (Omrix Biopharmaceuticals, Tel Hashomer,
Israel),’* whereas two RCTs did not specify the product that was used.* "> Control groups mostly

constituted patients receiving standard care. The sample size ranged from 24'% to 198'* participants, with
a mean size of 81 participants. Within-patient randomisation took place in Kjaergard and Trumbull™? and
individual randomisation was undertaken in the remaining RCTs. Duration of follow-up ranged from 7 days
in Randelli et al.'* to 3 years in Mawatari et al."®
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TABLE 6 Summary of included RCTs in orthopaedic (joint) surgery

Knee

Aguilera et al., 2013'
Levy et al., 1999
Wang et al., 2001™

Kluba et al., 2012

McConnell et al., 2012
Molloy et al., 2007

Sabatini et al., 2012'%®

Randelli et al., 2014™°
Skovgaard et al., 2013™°
Choufani et al., 2015™'
Heyse et al., 2014'%
Hip

Mawatari et al., 2006'>

Wang et al., 2003'
Lassen et al., 2006

Falez et al., 2013™*

McConnell et al., 2011™°

Shoulder
Antufa et al., 2013"°

166

58

46

24

65

150

70

62

48

60

198

100

81

58

95

66

28

Total knee arthroplasty
Total knee arthroplasty
Knee arthroplasty

Total knee arthroplasty

Knee arthroplasty
Total knee arthroplasty

Total knee, cement-less
arthroplasty

Total knee arthroplasty
Total knee arthroplasty
Total knee arthroplasty

Total knee arthroplasty

Total hip arthroplasty

Total hip arthroplasty
Hip arthroplasty

Hip arthroplasty

Hip arthroplasty

Arthroscopic massive
rotator cuff tears repair

Fibrin glue, Tissucol
Quixil, spray
Quixil, spray
Quixil, spray

Quixil, spray
Quixil, spray
Quixil

EVICEL, spray
EVICEL, spray
EVICEL, spray

Fibrin, spray

Autologous fibrin
tissue adhesive, spray

Omrixil, spray
Vivostat, spray

Quixil, spray

Quixil, spray

Platelet-rich fibrin

None
Standard care
Standard care

Anaesthesia and fluid
regimen

Tranexamic acid
Tranexamic acid

Dideco blood recovery device
(Liva Nova, London, UK)

Electrocautery
Saline
Standard care

Standard care

Standard care

Standard care
Standard care

Bipolar sealer (Medtronic,
Minneapolis, MN, USA)

Tranexamic acid

Standard care

Eye surgery

A total of 15 eye surgery RCTs™ 7" were identified, of which 13 were on pterygium surgeries, 7716316516971
one was a cataract surgery'’® and one a corneal perforation surgery' (Table 7). In pterygium surgery, fibrin
adhesives were used to attach conjunctival autografts. For cataracts and perforation, fibrin sealants were
used for wound closure and perforation closure, respectively. The most commonly reported sealant used
within the RCTs was Tisseel (used in seven RCTs'?7/160-163167.171) " Qixi|'>9166189 and Beriplast'*®'®® were also
used, whereas the product was not specified in three RCTs.'*'%517° Control group interventions were
sutures in all the RCTs except for one in which cyanoacrylate tissue adhesive was used (Sharma et al.’®).
The sample size ranged from 22'%8 to 116 participants, with a mean size of 63 participants.
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TABLE 7 Summary of included RCTs in eye surgery

Ocular surface
Kucukerdonmez et al., 70 Pterygium surgery with autograft  Tisseel VH, glue Sutures
2010"7
Eye
Yiksel et al., 2010 58 Pterygium surgery with autograft  Beriplast P/Combi-set Sutures
(Aventis Hehring GmbH,
Marburg, Germany)
Bahar et al., 2006'* 65 Pterygium surgery Quixil Sutures
Rubin et al., 20111 42 Pterygium surgery with autograft  Quixil, glue Sutures
Conjunctiva
Hall et al., 2009 50 Pterygium surgery with autograft  Tisseel, glue Sutures
Karalezli et al., 2008’ 50 Pterygium surgery with autograft  Tisseel, glue Sutures
Koranyi et al., 2005'® 43 Pterygium surgery with autograft  Tisseel, glue Sutures
Sati et al., 2014'% 90 Pterygium surgery with autograft  Tisseel, spray Sutures
Ratnalingam et al., 2010'% 137 Pterygium surgery with autograft  Fibrin, glue Sutures
Srinivasan et al., 2009'” 40 Pterygium surgery with autograft  Tisseel Sutures
Uy et al., 2005'% 22 Pterygium surgery with autograft ~ Beriplast P, glue Sutures
Mellin and Kondler, 1989"° 100 Cataract surgery Fibrin, glue Sutures
Malik and Kumar, 2010"" 50 Pterygium surgery with autograft  Tisseel Duo Quick Sutures
Cornea
Sharma et al., 2003'%* 40 Corneal perforation Fibrin, glue Cyanoacrylate
tissue adhesive
Bahar et al., 2007'%° 81 Pterygium surgery with autograft  Quixil Sutures

Hernia surgery

A total of 14 hernia surgery RCTs'"?7'®> were identified (Table 8). Fibrin sealants were used mostly for
prosthetic mesh fixation (12 RCTs'#7176178.1817186) The most commonly reported sealant used was Tisseel/

Tissucol (10 RCTs'72176-178.180-185) " Qyixil (two RCTs'7#'7°) and Vivostat (one RCT'’3) were also used, whereas
one RCT did not report which fibrin product was used.'” Three papers reported using fibrin sealant in spray
form'6177.179 and three reported using laparoscopic applicators.'’>'7818 One paper reported using a needle
applicator,' another reported using a manual application catheter'®® and the remaining six papers did not
specify how it was applied.'”*7>18118218418> Eihrin ywas compared with a range of interventions across the
RCTs including sutures, staples, tacks and self-gripping mesh. The sample size ranged from 22'3 to 600
participants, with a mean size of 172 participants. Within-patient randomisation took place in Boldo'”® and
individual randomisation was undertaken in the remaining RCTs. The follow-up duration varied from
approximately 3 months in Cambal et al.’”® to 26 months in Olmi et al.'®

Ear, nose and throat surgery

Seven RCTs'792 were identified in ear, nose and throat (ENT) surgery: six nasal surgeries'® " and one
tonsillectomy'®? (Table 9). Fibrin adhesives were mostly used to aid haemostasis (five RCTs'®'%) and to
improve healing. The most commonly reported sealant used was Quixil (spray/glue) and was used in four
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TABLE 8 Summary of included RCTs in hernia surgery

Study (author, year)

Inguinal canal

Lau, 2005'"

Boldo, 20083
Bracale et al., 2014™*
Cambal et al., 2012"7°

Campanelli et al.,
2012"7°

Canonico et al., 1999"7

Chan etal., 20148

Lionetti et al., 2012"°
Wong et al., 2011
Damiano et al., 2014'%

Olmi et al., 2007'®

Sample
size

93

22
102
100

316

50
129

148
56

468
600

Inguinal and femoral canals

Lovisetto et al., 2007'®°
Tolver et al., 2013
Umbilicus

Eriksen et al., 2013'®

197
100

34

Surgery

Endoscopic totally
extraperitoneal inguinal
hernioplasty

Laparoscopic hernioplasty
Hernioplasty

Laparoscopic hernioplasty

Hernioplasty

Hernioplasty

Total extraperitoneal
hernioplasty

Hernioplasty
Hernioplasty
Herniorrhaphy

Laparoscopic transabdominal
pre-peritoneal hernia repair

Hernioplasty

Laparoscopic groin hernia

Laparoscopic ventral hernia
repair

Intervention

Tisseel VH

Vivostat
Quixil
Fibrin glue

Tissucol/Tisseel

Tissucol

Tisseel spray

Quixil spray
Tisseel glue
Tissucol

Tissucol/Tisseel

Tissucol/Tisseel

Tisseel spray

Tisseel Duo Quick

Staples

Staples

Sutures

Self-gripping
(or self-anchoring) mesh

Sutures

Standard care

Staples

Sutures
Sutures
Sutures

Staples

Staples
Tacks

Tacks

TABLE 9 Summary of included RCTs in ENT surgery

Study (author, year)

Nose

Prado et al., 2006'’
Pryor et al., 2008'%
Vaiman et al., 2005'®

Yu et al., 2014
Vaiman et al., 2005
Nose and septum

Vaiman et al., 2002'%

Tonsils

Vaiman et al., 2006'*

Sample

size

41
513

204

80

Surgery
Rhinoplasty

Rhinoplasty

Endoscopic sinus surgery

Rhinosinusitis refractory

Endonasal surgery

Septoplasty and conchotomy

Tonsillectomy

Intervention

Beriplast
EVICEL

Quixil/Crosseal (Johnson
& Johnson Wound
Management, Somerville,
NJ, USA) spray

Fibrin spray

Quixil glue

Quixil aerosol glue

Quixil spray

Control
Standard care

Compression

Nasal packing

Sponge packing
Nasal packing

Quixil aerosol glue and
trans-septal suturing

Electrocautery
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RCTs, 88189191192 \whereas Beriplast'® and EVICEL'®® were also used. Control-group interventions included

packing, compression, sutures and standard care. The sample size ranged from 10 to 513" participants,

with a mean size of 133 participants. Within-patient randomisation took place in two RCTs,'®%° whereas
individual randomisation was undertaken in the remaining RCTs. The follow-up duration varied from
approximately 21 days in Pryor et al."® to 1 year in Prado et al.'®

Vascular surgery

A total of 13 vascular surgery RCTs'#2% were identified (Table 70). Fibrin sealant was used in all cases to
control suture hole bleeding from placing the graft for vascular access or vascular reconstruction surgery.
In Bajardi et al.” Poly(ethyl benzene-1,4-dicarboxylate) [Dacron® (Ethicon Inc., Somerville, NJ, USA)] grafts
were used, whereas in all other RCTs'#1952% polytetrafluoroethylene grafts were used. These materials are
frequently used for vascular replacement or bypass when no autologous venae are available. All RCTs used
different fibrin sealants apart from the Joseph et a/.>® and Czerny et a/.?®® RCTs that used TachoComb
patches. Control group interventions were manual compression'9#41967198.200.204.205 o se of thrombin,'#
thrombin-soaked materials,’®'% Surgicel'®>'% or Kalkostat.?®* The sample size ranged from 242 to 199'%°
participants, with a mean size of 66 participants. Individual randomisation was undertaken in all RCTs.
Follow-up duration varied from approximately 30 days in Sintler et al.?®* to 6 months in Schenk et al.,'*®
but was infrequently reported.

TABLE 10 Summary of included RCTs in vascular surgery

Schenk et al,, 48
2003™

Schenk et al., 28
2002'%

Saha et al., 140
2012

Chalmers 147
etal., 2010

Taylor et al., 199
2003'*

Joseph et al., 24
2004

Upper extremity; artery
and vein in the upper
arm or forearm

Upper extremity; artery
and vein in the upper
arm or forearm

Upper and lower
extremity:
axillofemoral,
iliofemoral,
femorofemoral,
iliopopliteal, proximal
femoropopliteal, distal
femoropopliteal and
femorotibial vessel
bypass

Femoral or upper
extremity arteries

Femoral artery

Femoral or carotid
artery

Vascular access
surgery using PTFE Bioplasma AG,
graft placement Bern, Switzerland)
(dialysis required for glue

end-stage renal

failure)

Bioplasma (ZLB,

Vascular access
surgery using PTFE
graft placement

Hemaseel spray
(Haemacure Corp.,
Sarasota, FL, USA)

Arterio-arterial Fibrin sealant
bypasses and

arteriovenous

shunting for dialysis

access with expanded

PTFE graft placement

PTFE grafts EVICEL

PTFE grafts Beriplast P gel

Femoral anastomosis
and femoral or
carotid patch
angioplasty with PTFE
grafts

TachoComb patch

Surgicel (Johnson &
Johnson, Somerville,
NJ, USA)

Thrombin (n = 8);
pressure (n = 6);
thrombin-soaked
Gelfoam (Pfizer Inc.,
New York City, NY,
USA) (n =2); Surgicel
(n=2)

Compression

Compression

Thrombin-soaked
gelatin sponge

Compression

continued
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TABLE 10 Summary of included RCTs in vascular surgery (continued)

Jackson et al.,
1999'%3

Milne et al.,
19952

Sintler et al.,
20052

Milne et al.,
1996%%

Saha et al.,
2011%%

Czerny et al.,
2000

Bajardi et al.,
2009'*

47

20

39

73

60

20

Carotid artery

Carotid artery

Carotid artery

Artery or aorta

Anastomoses (junction)
of arterio-arterial
bypasses and
arteriovenous shunts

Aortofemoral,
femoropopliteal and
crossover bypasses,
femoral artery, arteria
carotis interna

Infrarenal abdominal
aorta

Elective carotid
endarterectomy with
expanded PTFE patch
angioplasty
(atherosclerotic
occlusive diseases)

Endarterectomy with
a PTFE patch

Endarterectomy with
an expanded PTFE
patch

Arterial bypass
surgery with a PTFE
bypass graft and
aortic aneurysm
repair with a woven
Dacron graft

Bypass vessel PTFE
grafts

Vascular
reconstruction;
anastomoses or patch
angioplasties with
PTFE prostheses

Elective infrarenal
abdominal aortic
aneurysm
replacement with a
Dacron graft

Investigational new
drug number 4353,
human fibrin
sealant

Fibrin spray

Quixil

Fibrin injection

Tisseel

TachoComb H
patch

TachoSil patch

Gelfoam

No treatment

Kaltostat (ConvaTec,
Flintshire, UK)

No treatment

Compression

Compression

Compression

PTFE, poly(1,1,2,2-tetrafluoroethylene).

Plastic or reconstructive surgery
Ten RCTs*®72'* in plastic/reconstructive surgery in various body sites were found (Table 77). Fibrin sealant
had different indications within plastic/reconstructive surgery: haemostasis (four RCTs?%72%8211212) ‘reduction
of seroma formation (two RCTs?'*'%), reduction of drainage (two RCTs*'*?"®) and wound healing (two
RCTs?%%2%%) Various types of fibrin sealants were used across the RCTs: sprays (Tisseel, 2" Cryoseal,?%62"?
Quixil*'* and autologous sealant using a spraypen®”) and a Bioseed fibrin net.2%® Control-group interventions

included standard care,2%6210212214215 nrassyre,2%2% thrombogen kit,?”” fabric dressing?'" and suction drains.?'?

The sample size ranged from 10%'° to 225%%® participants, with a mean size of 58 participants. Individual
randomisation was undertaken in all RCTs except Drake and Wong,*” which reported within-patient
randomisation. The follow-up duration varied from 1 week?” to 12 months?'® and was not reported in

Oliver et al.?"

Colorectal surgery

Five RCTs were found in colorectal surgery?'®2?° (Table 12). Fibrin sealant was used mainly to minimise
recurrence and prevent incontinence after anal fistula surgery. Three RCTs?'8%'72' reported the use of
Tisseel/Tissucol in the fibrin group, whereas Beriplast was used in one RCT?'® and the remaining RCT*°
did not specify the product used. The sample size ranged from 28%"° to 622" participants and the mean
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TABLE 11 Summary of included RCTs in plastic or reconstructive surgery

Study Sample

(author, year) size Surgical area Surgery Intervention Control

Drake and 34 Skin Skin graft Vivolution spraypen Thrombogen Kit (Johnson

Wong, 20032 (Vivolution A/S, & Johnson Wound
Birkerad, Denmark) Management, Somerville,

NJ, USA)
Vanscheidt 225 Lower legs Treatment of recalcitrant BioSeed fibrin net  Pressure dressing pad
et al., 2007%%® venous leg ulcers (BioTissue

Technologies
GmbH, Freiburg,

Germany)
Danielsen et al.,, 39/40 Legs Treatment of leg ulcers  Vivolution Gauze and pressure
2008°*
Erba et al., 10 Ischial region Seal fasciocutaneous Tisseel spray Standard care
2010%° flaps to cover ischial
pressure sore
Healy et al., 40 Thigh Treat split skin graft Tisseel spray Mefix self-adhesive fabric
2013%" donor sites dressing (Molnlycke
Healthcare, Lancashire,
UK)
Altinli et al., 32 Buttock Limberg flap procedure  CryoSeal spray Standard care
2007%% in pilonidal disease (Thermogenesis,
Rancho Cordova,
CA, USA)
Sozen et al., 50 Buttock Karydakis flap operation  CryoSeal spray Standard care
201177 for pilonidal sinus
Bercial et al., 43 Abdomen Abdominoplasty Quixil spray Suction drains
2012%"
Mabrouk et al,, 60 Abdomen Lipoabdominoplasty Fibrin glue Standard care
2013
Oliver et al., 44 Axilla, groin, back Axillary dissection, groin  Beriplast spray Standard care
20027 and abdomen dissection, latissimus
dorsi flaps and
abdominoplasty
TABLE 12 Summary of included RCTs in colorectal surgery (anal fistula)
Sample
Study (author, year) size Surgery Intervention Control
Ellis and Clark, 2006°' 57 Mucosal or anodermal advancement Tisseel injection Flap repair
flap for surgical management of anal
fistulas
Altomare et al., 2011%" 62 Treatment of trans-sphincteric anal Tissucol Seton treatment
fistulas
Lindsey et al., 2002%'® 42 Treatment of anal fistulas Beriplast glue Fistulotomy or loose
seton insertion
Hammond et al., 2011°" 28 Treatment of idiopathic anal fistula Tisseel glue Permacol (Covidien,
Dublin, Ireland)
van der Hagen et al., 30 Treatment of complex perianal fistulas ~ Fibrin sealant glue  Seton drainage

20112
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number of patients was 44. Individual randomisation was undertaken in all RCTs. The follow-up duration
varied from approximately 1 year?’” to 60 months.?*

Urology (urinary tract)

Five RCTs*??%224 were found in urological surgery (Table 13). Fibrin sealant was used for haemostasis in all the
RCTs except for Schultz and Christiansen®* in which it was used to reduce the post-operative drainage period.
Various fibrin sealants were used across the RCTs: Siemer et al.??' and Cormio et al.??? used a TachoSil patch,
Nativ et al.>® used an Ethicon pad, Luke et a/.?? used Beriplast and Schultz and Christiansen®* used Tisseel.
Control groups received standard care in all the RCTs. The sample size ranged from 7°° to 185%*! participants,
and the mean number of patients was 67. Individual randomisation was undertaken in all RCTs. The follow-up
duration varied from 1°#' to 3 months®*® but was not reported for Cormio et al.*> and Schultz and
Christiansen.??* Randomisation was carried out at an individual level in all RCTs.

Oral and maxillofacial surgery

Seven RCTs?2>23" were found in oral and maxillofacial surgery (Table 14). Fibrin sealant was used mostly to
reduce post-operative wound drainage in different types of procedures. A variety of fibrin sealants were
used across RCTs: Tisseel,?*>?2623% Crosseal,?*’ Beriplast spray,?®® autologous fibrin glue**® and Artiss.?*’
Control-group interventions included 'no sealant’,??>2?%23" tranexamic acid®®® and sutures.”° The sample
size ranged from 9%’ to 75% participants, with a mean size of 41 participants. Within-patient
randomisation was carried out in four RCTs,?262221 \whereas the remaining three reported individual-level
randomisation.??>%2%23% The follow-up duration varied from 24 hours in Oliver et al.??® to 3 weeks in
Maharaj et al.**°

Gynaecological surgery

Four RCTs?*22% were found in gynaecological surgery (Table 15). Fibrin sealant was indicated for the
following: the prevention of post-operative adhesions,?*??** haemostasis around myomectomy suture
sites?® and prevention of a vesicovaginal fistula.?*®> A variety of fibrin sealants were used across RCTs
and control group patients received ‘no sealant’ procedures. The sample size ranged from 162*? to

91 participants,?** with a mean size of 54 participants. Follow-up duration was 3 months®* to 1 year,**
but not reported in Diamond et al.**? and Takeuchi et al.?**

Summary of included RCTs in urology (urinary tract) surgery

Kidney
Nativ et al., 2012 7 Open partial nephrectomy Ethicon pad (Johnson & Standard care
Johnson Wound
Management, Somerville,
NJ, USA)
Siemer et al., 2007*' 185 Resection of small, superficial TachoSil patch Standard suturing
kidney tumours not extending
into the collecting duct system;
nephron-sparing surgery
Cormio et al., 2012?% 96 Percutaneous nephrolithotomy TachoSil patch Nephrostomy tube
Prostate
Luke et al., 1986°* 30 Transurethral resection of the Beriplast glue Standard care
prostate
Urethra
Schultz and 16 Closure of the ureterotomy after  Tisseel adhesive Dexon sutures
Christiansen, 19852 ureteral stone surgery (Syneture,
Mansfield, MA,
USA)
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TABLE 14 Summary of included RCTs in oral and maxillofacial surgery

Study Sample

(author, year) size Surgery Intervention

Face

Marchac and 29 Rhytidectomy Tisseel spray Rhytidectomy using the vertical U
Greensmith, incision technique without glue
2005%¢

Oliver et al., 20 Rhytidectomy Beriplast spray No sealant

2001%%

Face and neck

Lee et al., 2009°7 9 Rhytidectomy Crosseal No Crosseal treatment

Hester et al., 75 Rhytidectomy Artiss No application of fibrin sealant
2013%"

Thyroid gland

Uwiera et al., 56 Hemithyroidectomy and  Tisseel No sealant

20057 total thyroidectomy

Tooth socket

Carter et al., 49 Dental extraction Autologous fibrin glue  Active 4.8% tranexamic acid solution
2003**

Parotid glands

Maharaj et al., 50 Superficial and total Tisseel fibrin glue Vicryl and Monocryl sutures (Johnson
2006%° parotidectomy & Johnson Wound Management,

Somerville, NJ, USA)

TABLE 15 Summary of included RCTs in gynaecological surgery

Study
(author, year) Surgical area Intervention Control
Diamond et al., 16 Ovaries Bilateral ovarian Adhexil spray/drip  Standard care
20117 surgery (Johnson &

Johnson Wound

Management,

Somerville, NJ,

USA)
Maggiore et al., 70 Uterus/endometrium  Laparoscopic removal TachoSil sponge Standard care
20117 of myomas (neoplasm)
Takeuchi et al., 91 Uterus/abdomen Laparoscopic Beriplast spray TachoComb sheet
200544 myomectomy
Safan et al., 38 Vesicovaginal region  Treatment of Fibrin adhesive Standard care
2009%% vesicovaginal fistula

Neurosurgery

Two RCTs?*¢2% reporting on fibrin sealant for prevention of cerebrospinal fluid leakage were found in
neurosurgery (Table 16). Beriplast adhesive was compared with autologous fibrin sealant in Nakamura

et al.,*® whereas collagen sponge was compared with standard care in Hutter et al.?>” Nakamura et a/.?*
reported a sample size of 30 participants, whereas the sample size in Hutter et al.?*” was 229 participants,
giving a mean sample size of 134 participants. Individual randomisation was undertaken in both RCTs.
The follow-up duration was 32 days in Hutter et a/.?*” and 8 weeks in Nakamura et al.?*®
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Summary of included RCTs in neurosurgery

Nakamura et al.,

20057

Hutter et al.,
2014%7

Mixed surgery

39

229

Dura layer of spinal
cord

Dura mater of the
brain

Spinal cord tumours and
related illnesses

Elective cranial surgery
involving a dural incision

Beriplast adhesive

Collagen sponge

Autologous
fibrin sealant

Standard care

Four RCTs## 24 across more than one surgical area were found (Table 17): Bochicchio et al.?*° and Verhoef
et al.**® were in spinal and vascular surgery, hepatic resection and soft tissue dissection; Hanks et al.*®

was cardiothoracic, general, obstetric and gynaecological and vascular surgery; and Fischer et al.**'

was in abdominal, retroperitoneal, pelvic and non-cardiac thoracic surgeries. Fibrin sealant was used for
haemostasis in all the RCTs and different products were used across them. Raplixa fibrocaps powder was
used in Bochiccio et al.?** and Verhoef et al.?*® In Hanks et al.?*® autologous fibrin sealant derived from
patients’ blood was used, whereas in Fischer et al.?*' fibrin pads were used. The sample size ranged from
69%% to 719°% participants, with a mean size of 263 participants. Individual randomisation was undertaken
in all RCTs. The follow-up duration was around 1 month in Bochicchio et al.?** and Fischer et al.,**' but
was not reported in the other two RCTs.

Quality of randomised controlled trials

A risk-of-bias table for RCTs can be found in Appendix 5. Overall, 154 studies were assessed as having an
‘unclear risk of bias’, eight RCTs as having a 'high risk of bias’ and 24 RCTs as having a ‘low risk of bias’

(see Table 37). The risk-of-bias table (see Table 37) shows a high level of uncertainty about the validity of data
collected across all parameters, especially regarding the blind collection of patient outcomes. Owing to the
nature of the intervention, surgeons could not be blinded to the intervention, as they had to apply the fibrin
sealant; however, patients and outcome assessors who could be blinded to the intervention were frequently
not blinded either.

Summary of included RCTs in mixed surgery

Bochicchio
etal., 2015%°

Verhoef et al.,
2015%0

Hanks et al.,
2003

Fischer et al.,
2013

NIHR Journals Library

719

122

69

90/141

Spine, liver, arteries,
soft tissues

Spine, liver, arteries,
soft tissues

Cardiothoracic,
general, obstetric
and gynaecological,
and vascular

Abdomen,
retroperitoneum,
pelvis and
non-cardiothoracic

surgery

Spinal procedures;
vascular procedures with
suture hole bleeding;
hepatic resection; soft
tissue dissection

Hepatic resections (46%),
spinal procedures (30%),
vascular procedures
(24%) and soft tissue
dissection (1%)

Not reported

Surgical operations

in the abdomen,
retroperitoneum, pelvis
and non-cardiothoracics

Raplixa fibrocaps
powder (ProFibrix
BV — The Medicines
Company, Leiden,
The Netherlands)

Raplixa fibrocaps
powder

Vivostat system

Fibrin pad

Gelatin sponge

Pressure
dressing pad

Dry surgical
sponge

Surgicel
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Most of the funnel plots did not show publication bias (see Appendix 6); however, the funnel plot for
development of haematoma meta-analysis [Egger bias —0.63, 95% confidence interval (Cl) —1.20 to —0.06;
p =0.03] (see Figure 43) and duration of drainage for breast surgery meta-analysis (Egger bias —3.34,
95% CI -6.75 to —0.05; p = 0.05) (see Figure 47) showed a skewed figure of publications, which indicated

the presence of small study effects.

HEALTH TECHNOLOGY ASSESSMENT 2016 VOL. 20 NO. 94

Quantity of observational studies and regulatory body reports

The search of electronic databases identified 4714 potentially relevant articles about harms related to the
use of fibrin sealants, of which 3709 references were excluded and 1005 full-text papers assessed (Figure 2
and Appendix 7). There were an additional 93 reports, reviews or notifications about harms from the use

of these products from the MHRA, EMA and FDA websites.

Records identified through
FDA and MHRA websites

(n=93)

Records identified
through database searching

(n=6511)

(ﬂ: 1 797)

Duplicates removed

v

v

Records after duplicates removed

Databases
(n=4714)
MHRA/EMA/FDA
(n=93)

A

Records screened
Databases
(n=4714)

MHRA/EMA/FDA

(n=93)

A

4,[

Records excluded
(n=3709)

FIGURE 2 Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow diagram of observational

Full-text articles/reports
assessed for eligibility
Databases
(n=1005)
MHRA/EMA/FDA
(n=93)

A

Studies/reports included
in narrative synthesis
Databases
(n=8)
MHRA/EMA/FDA
(n=5)

A

Studies included in
quantitative synthesis
(meta-analysis)
(n=0)

studies and regulatory body reports.
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Database full-text articles
excluded, with reasons
(n=995)

* No comparison group, n=471

e RCT, n=248

¢ No adverse events related
to fibrin, n=76

e Letters/commentary without
data, n=52

¢ Not a relevant/valid
comparison, n=33

* Not a comparative
observational study, n=24

* Not fibrin glue, n=21

¢ Included children, n=19

e Abstracts, n=12

¢ Duplicate, n=10

e Control is fibrin sealant, n=8

* Emergency procedures, n=8

¢ Unobtainable, n=5

* Review article, n=2

e Technical note, n=1

e Not surgery, n=3

e Not in humans, n=1

e Fibrin data not shown
separately from control, n=1

J
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After screening and applying the eligibility criteria, eight observational studies were included*?2% (Table 18).
Three observational studies were in eye surgery,?*** three in upper Gl tract surgery,?*2% one in plastic/
reconstructive surgery?*® and one in vascular surgery.?*® There were three cohort studies,?**24% three
comparative studies*?2**24” and two reviews of patient records.?*¢?%® The following fibrin sealants were
used: unspecified fibrin glue in eye surgery,?**?* Tiseel,2** Beriplast,** aerosolised fibrin glue**® and
platelet-enriched fibrin glue sealant.?*® Comparator interventions were standard care?*2% or sutures in eye
surgery.?22% Sample sizes ranged from 40** to 529 participants.

Five reports from the regulatory body websites that reported on harms related to the use of fibrin sealants
were included (see Table 43).

Quality of observational studies

The validity of the eight observational studies was compromised owing to a general failure to report
whether or not adverse events were assessed independently and whether or not blinding to the assigned
was performed (Table 19). Cagatay et al.?*? reported that harms were assessed independently. Five studies
described measurement instruments,?43:245246248.249 |yt only three studies reported timing and duration of
follow-up.2432%6249 Only Sakic et al.?*® appeared to have used objective measures. All eight studies, except
that by lJiang et al.,*** attributed the harms to the use of fibrin sealants and seven studies explained terms
used to identify harms.2427246248.249 No studies reported to have blinded the collection of outcomes to the
treatment assignment.

Overview of observational studies

Eye surgery
Cagatay et al., 103 Comparative study Conjunctival autografting Fibrin glue Sutures
2014** (consecutive sample) for pterygium surgery
Jiang et al., 40 Cohort study Conjunctival autografting Fibrin glue Sutures
2008** for pterygium surgery
Choi et al., 126 Comparative study Pars plana vitrectomy (eye)  Fibrin glue Sutures
2010%
Upper Gl tract surgery
Efthimiou etal., 474 Cohort (consecutive sample  Laparoscopic Roux-en-Y Tisseel Standard care
2010% supplemented with clinical  gastric bypass

observations and chart

reviews)
lbele et al., 529 Review of patient records Laparoscopic Roux-en-Y Autologous Standard care
2014%% (consecutive sample) gastric bypass fibrin sealant
Nanashima 341 Comparative study Hepatobiliary pancreas Beriplast fibrin Standard care
etal., 2012* (consecutive sample) surgery; hepatectomy and  glue spray

pancreatectomy

Plastic/reconstructive surgery
Marchac and 200 Review of patient records Rhytidectomy Aerosolised Standard care
Sandor, 19944 (consecutive sample) fibrin glue
Vascular surgery
Sakic et al., 418 Cohort study (consecutive Bilateral internal thoracic Platelet-enriched  Standard care
2013%° sample) artery grafting fibrin glue

sealant
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ASSESSMENT OF CLINICAL EFFECTIVENESS

Assessment of benefits

The following sections present the analyses of benefits for the primary and secondary outcomes (Table 20).
Fixed-effects model results are presented in the text and random-effects model results in Appendix 8. Data
on primary and secondary outcomes used in the meta-analysis for all RCTs are presented in Appendix 9.

Primary outcomes

Seroma development

Development of seroma was reported in 37 RCTs, of which 33 (n = 3472) were included in the meta-
analysis (Figure 3). The remaining four RCTs were excluded for the following reasons: Cipolla et a/.'"® as all
participants in the fibrin and control groups developed seroma; Erba et al.?’® and Uwiera et al.?** because
no patients developed seroma; and Siim et al."'* because seroma development was not reported separately
but combined with other complications reported as ‘post-operative complications’. The included RCTs were
across different surgical specialties: breast and axillary/inguinal (19 RCTs?#967105107-109.111.113,115.118.120) ‘harnijg
(8 RCTs!727174178.181.182.184.185) p|astic, hepatic and otoIayrngology.2°2'2°4'227

Patients receiving fibrin sealants rather than the control had a statistically non-significant reduced risk

of developing seroma (OR 0.84, 95% CI1 0.68 to 1.04; p=0.13; 2=12.7%, fixed-effects model). The
random-effects model showed a similar result (see Appendix 8). Two of the 32 RCTs with an unclear risk
of bias showed a statistically significant difference in seroma development: Mabrouk et al.?'* reported a
significant benefit of fibrin sealant, whereas Lau'’? reported more seroma development in patients
receiving fibrin sealants.

TABLE 20 Overview of outcomes and analysis

Primary outcomes (dichotomous)

Seroma development Number of patients who developed seroma

Haematoma development Number of patients who developed haematoma and a post hoc analysis in which the
development of seroma and haematoma are combined

Secondary outcomes (dichotomous)

Haemorrhage (blood loss) Number of patients with bleeding

Reoperation Number of patients with reoperation

Infections Number of patients with wound infection

Use of analgesics Number of patients (no meta-analysis as the data from RCTs were too heterogeneous)
Complications arising from the Number of patients with complications (no data in RCTs reported)

use of drains

Secondary outcomes (continuous)

Duration of operation Mean duration in minutes

Length of hospital stay Mean duration in days

Use of drains Mean duration of drainage in days

Pain levels Mean level of pain (no meta-analysis as the data from RCTs were too heterogeneous)
Health-related quality of life Mean health-related quality-of-life value (no data in RCTs reported)

NIHR Journals Library www. journalslibrary.nihr.ac.uk
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Altinli 2007206

Benevento 2014109
Berger 2001197
Boldo 2008'73
Bracale 2014174
Carlson 2008%*
Chan 201478
Damiano 2014184
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Gilly 1998108
Hester 2013231
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Johnson 2005100
Ko 2009102
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Mabrouk 201324
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Miri Bonjar 2012103
Moench 2010230
Moore 200111
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Mortenson 2008120
Mustonen 2004104
Neuss 200918
Olmi 200718>

Olmi 2007'8>
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Segura-Castillo 2005'0°
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FIGURE 3 Seroma development in all surgical specialties: fibrin sealant vs. standard care.
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ASSESSMENT OF CLINICAL EFFECTIVENESS

There were some differences in how seroma was defined and at which time point it was reported;

the data used in the meta-analysis were the first point at which seroma was reported for the hernia
RCTs,44172-174.178181183185 J3in et a/.%° had two control groups: (1) no drain and no fibrin, and (2) drain

and no fibrin. The first was deemed to be most appropriate for analysis as the only difference from the
intervention group was the addition of fibrin. In Moore et al.'" three intervention groups were reported

in which different amounts of fibrin were used; therefore, the control group was divided into three and
compared accordingly. Olmi et al.'® reported one intervention group and three control groups which were
different types of fixation, and so the fibrin group was divided into three and compared with each control
group. In cases where seroma development was reported at different time points, only the development at

the first time point was included in the analysis.

Subgroup analysis was conducted for two surgical specialties that were deemed comparable: breast
surgery RCTs (Figure 4) and hernia RCTs (Figure 5). In breast RCTs, patients (n = 1277) receiving fibrin
sealants had a statistically non-significantly reduced risk of developing seroma than control group patients
(OR0.84,95% Cl10.64 to 1.11; p=0.26; = 0.0%, fixed-effects model). In hernia RCTs, patients

OR meta-analysis plot (fixed effects)
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FIGURE 4 Seroma development in breast surgery: fibrin sealant vs. standard care.
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OR meta-analysis plot (fixed effects)
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FIGURE 5 Seroma development in hernia surgery: fibrin sealant vs. standard care.

(n = 1592) receiving fibrin sealants had no difference in risk of developing seroma than control group
patients (OR 0.98, 95% Cl 0.66 to 1.46; p=1.00; 2 =0.0%, fixed-effects model). The random-effects
models showed similar results for these subgroups (see Appendix 8). These results are broadly consistent
with the primary analysis that showed an apparent trend of a decrease in the risk of seroma development
in patients receiving fibrin sealants.

Haematoma development

Development of haematoma was reported in 26 RCTs, of which 24 were included in the meta-analysis
(Figure 6). Two RCTs were excluded from the primary analysis for following reasons: Prado et al.'®’
reported only median, quartiles and ranges across a 12-month period and Lovisetto et al."® reported
haematoma and seroma combined and not separately. The 24 included RCTs®70:90.100.101.103.110.111,113,118,1417,143,
144.148,173,177.181,185.188,221,222,227.228.231 (n = 2665) were within the following surgical specialties: breast and
axillary/inguinal lymph nodes, hernia, plastic, orthopaedic, upper Gl tract, oral and otolaryngology. Patients
receiving fibrin sealant had a statistically significant lower risk of developing haematomas than control
patients (n = 2403, OR 0.62, 95% Cl 0.44 to 0.86; p =0.01; 2= 0%, fixed-effects model). The
random-effects model showed a similar result (see Appendix 8).

Overall haematoma development was calculated by combining groin and axillary haematomas in Swan
et al.,"” and by combining hepatic and post procedural haematomas in Bektas et al.%° Reviewers checked
that different haematomas did not occur in the same person and, therefore, that data were not
double-counted. Data from multiple intervention and control groups in Olmi et al.’® and Moore et al.""
were dealt with in the same manner as in the seroma analysis. As two different fibrin groups and two
controls were reported in Aguilera et al.'* it was decided for analysis purposes to compare fibrin glue to
control and Tissucol to tranexamic acid.
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OR meta-analysis plot (fixed effects)
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FIGURE 6 Haematoma development in all surgical specialties: fibrin sealant vs. standard care.
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Subgroup analyses were conducted for the following areas: breast (Figure 7), hernia (Figure 8), orthopaedics
(Figure 9) and upper Gl tract (Figure 10). A statistically significant reduction in the risk of haematoma
formation due to fibrin use occurred only in a meta-analysis of four hernia surgery RCTs'/3177:18118> (n = 794,
OR 0.22,95% Cl 0.06 t0 0.74; p=0.01; 2= 0%, fixed-effects model). There was a trend of a decreased
risk of haematoma when using fibrin sealants within the remaining surgical specialties, but these reductions
were not statistically significant: p = 0.87 (seven breast RCTs,'00.101103110.111.113.118 n — 588) 'h = (.20

(four orthopaedic RCTs,'#"143144.198 n = 347) and p = 0.88 (three upper Gl tract RCTs,%7%%% n = 243). The
random-effects models showed similar results (see Appendix 8).

A post hOC analysis including 48 RCTS65,70,90,94,96*105,107*111,113,115,118,120,141,143,144,148,172*174,177,178,180*182,184,185,188,206,212,
214.221,222,227.228,230231230 (n = A876) was carried out to explore impact of combining seroma and haematoma
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FIGURE 7 Haematoma development in hernia surgery: fibrin sealant vs. standard care.
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FIGURE 8 Haematoma development in breast surgery: fibrin sealant vs. standard care.
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OR meta-analysis plot (fixed effects)
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FIGURE 9 Haematoma development in orthopaedic surgery: fibrin sealant vs. standard care.
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FIGURE 10 Haematoma development in upper Gl tract surgery: fibrin sealant vs. standard care.

as an outcome (Figure 11). The study by Lovisetto et al.,'® who reported only combined haematoma and
seroma rates (and, therefore, was excluded from the haematoma analysis), was included in the combined
analysis. This meta-analysis demonstrated a statistically significant reduction in the risk of developing
seroma or haematoma with fibrin sealant compared with control (OR 0.77, 95% Cl 0.64 to 0.92; p =0.01;
2 =6.7%, fixed-effects model). The random-effects model showed a similar result (see Appendix 8).
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FIGURE 11 Seroma and haematoma development combined in all surgical specialties: fibrin sealant vs.

standard care.

© Queen'’s Printer and Controller of HMSO 2016. This work was produced by Edwards et al. under the terms of a commissioning contract issued by the Secretary of State for

Health. This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals
provided that suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be

addressed to: NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science

Park, Southampton SO16 7NS, UK.



ASSESSMENT OF CLINICAL EFFECTIVENESS

Secondary dichotomous outcomes
The following sections present the five dichotomous outcomes: haemorrhage (bleeding), reoperation,
infections, use of analgesics and complications arising from the use of drains.

Haemorrhage (bleeding)

Haemorrhage was reported in 19 RCTS, Of Wh|Ch 'I759,62,74,75,84,85,99,102,134,135,158,168,177,197,199,205,250 (n — 21 25)
were included in the meta-analysis (Figure 12). Two RCTs (Neuss et al."'® and Jackson et al.'*®) were
excluded because they reported that none of the participants experienced post-operative bleeding. The
included RCTs were within several surgical specialties: cardiothoracic,’*'*>2% breast and axillary/inguinal
lymph nodes,?*'%? hernia,"”” vascular,’”'%° eye,'*®%® upper Gl tract®>747>8485230 gnd urology.*® There was
statistically non-significant reduction in risk of post-operative bleeding between patients receiving fibrin
sealants versus standard care (OR 0.64, 95% Cl 0.40 to 1.02; p =0.08; = 0%, fixed-effects model).
The random-effects model showed a similar result (see Appendix 8).

Randomised controlled trials that did not report the number of patients and only reported bleeding as total
number of blood units were also excluded. In Jain et al.*® two control groups (no drain and no fibrin; drain
and no fibrin) were reported and the first group was deemed to be most appropriate for analysis as the
only difference between the intervention and control group was the addition of fibrin.

Subgroup analyses were conducted for the following surgical specialties: upper Gl tract (Figure 13),
cardiothoracic lung (Figure 14), breast (Figure 15), vascular (Figure 16) and eye (Figure 17). There was a

OR meta-analysis plot (fixed effects)
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FIGURE 12 Haemorrhage (bleeding) in all surgical specialties: fibrin sealant vs. standard.
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OR meta-analysis plot (fixed effects)
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FIGURE 13 Haemorrhage (bleeding) in upper Gl tract surgery: fibrin sealant vs. standard.
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FIGURE 14 Haemorrhage (bleeding) in cardiothoracic lung surgery: fibrin sealant vs. standard care.

statistically significant reduction in risk of haemorrhage when using fibrin sealants compared with standard
care within upper Gl tract surgery (six RCTs,274758485250 n = 995 QR 0.39, 95% Cl 0.19 to 0.80; p=0.01;

2=0%, fixed-effects model) and no significant difference in the remaining surgical specialties: p =0.84
(three cardiothoracic lung RCTs,"*#13>2% n = 501), p = 0.69 (two breast RCTs,*'% n=153), p=0.76
(two vascular RCTs,'#'** n=339) and p =0.61 (two eye RCTs,'*®'%® n = 80). The random-effects models
showed similar results (see Appendix 8).
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OR meta-analysis plot (fixed effects)
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FIGURE 15 Haemorrhage (bleeding) in breast surgery: fibrin sealant vs. standard care.
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FIGURE 16 Haemorrhage (bleeding) in vascular surgery: fibrin sealant vs. standard care.

Reoperation

A total of 20 RCTs reported reoperation as an outcome, of which 1580778586:93.101,107,116,125:135,138,140,143,237,239
were included in the meta-analysis (Figure 18). Five RCTs were excluded for the following reasons:
Droghetti et al.,”* Milne et al.?°" and Dimo et al.®° reported that none of the trial patients had a
reoperation; Bulbuller et al.** reported that the only patients who had a reoperation were in an additional
intervention arm and not in the fibrin or standard care arms; and Moser et al.’*® did not report any data
for the fibrin group.
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FIGURE 17 Haemorrhage (bleeding) in eye surgery: fibrin sealant vs. standard care.
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FIGURE 18 Reoperation in all surgical specialties: fibrin sealant vs. standard care.
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The RCTs included in the meta-analysis reported fibrin use within four surgical specialties: cardiothoracic
lung and heart, breast and axillary/inguinal lymph nodes, orthopaedics and neurosurgery. Patients receiving
fibrin sealants had a statistically significant lower risk of reoperation than those in the control group

(1 5 RCTS 60,77,85,86,93,101,107,116,125,135,138,140,143,237,239 n= 3789 OR 065 95% Cl 048 tO 087 p S 001 /2 — 00/0
fixed-effects model). The random-effects model showed a similar result (see Appendix 8).

A subgroup analysis was conducted for the following surgical specialties: upper Gl tract (Figure 79),
cardiothoracic lung (Figure 20), cardiothoracic heart (Figure 21) and breast (Figure 22). The decrease

in reoperations associated with using fibrin sealants was only statistically significant in upper Gl tract
(four RCTs,”7858693 n = 455, OR 0.43, 95% Cl 0.27 to 0.70; p = 0.0009; 2 = 51.4%, fixed-effects model).
There was a statistically non-significant decrease in the risk of reoperation in cardiothoracic heart surgery
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FIGURE 19 Reoperation in upper Gl tract surgery: fibrin sealant vs. standard care.
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FIGURE 20 Reoperation in cardiothoracic lung surgery: fibrin sealant vs. standard care.
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OR meta-analysis plot (fixed effects)
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FIGURE 21 Reoperation in cardiothoracic heart surgery: fibrin sealant vs. standard care.
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FIGURE 22 Reoperation in breast surgery: fibrin sealant vs. standard care.

(three RCTs,501%814% n = 1578; OR 0.71, 95% Cl 0.43 t0 1.19; p =0.24; = 0%, fixed-effects model),
whereas in cardiothoracic lung surgery (two RCTs,'**'¥* n=451; OR 1.38, 95% Cl 0.47 to 4.04; p=0.76;
no P, fixed-effects model) and breast surgery (three RCTs,'®"'%7""® n =191; OR 1.21, 95% Cl 0.51 to 2.90;
p=0.83; 2=0%, fixed-effects model) there was a non-significant increase in risk of reoperation for fibrin
sealant compared with standard care.

Infection

Wound infections were reported by 30 RCTS Of Wh|Ch 2514,59,60464,72,73,75,83484,86,96,99,102,111,118,120,122,130,135,143,170,178,

198.230.250 \were included in meta-analysis (Figure 23). The RCTs included in the meta-analysis reported fibrin
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OR meta-analysis plot (fixed effects)
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FIGURE 23 Infections in all surgeries: fibrin sealant vs. standard care.

use within four surgical specialties: upper Gl tract (eight RCTs),647%7375838486.250 hragst (seven RCTs),%69%102
N1I18120122 cardiothoracic lung (two RCTs)®%'3% and heart (one RCT),% orthopaedic knee (two RCTs),'*143
vascular (one RCT),"® eye (one RCT),"” urology (one RCT),* oral (one RCT)*° and hernia (one RCT)."”® The
following five RCTs were excluded because they reported no wound infections in the fibrin sealant and
standard care group: Udén et al.,*® Sabatini et al.,"*® Danielsen et al.,”® Lovisetto et al.’® and Lau."”?
Patients receiving fibrin sealants did not have a statistically significant lower risk of wound infection than
control patients (25 RCTs, n=3902, OR 0.76, 95% Cl 0.54 to 1.06; p=0.12; 2= 0%, fixed-effects
model). The random-effects model showed a similar result (see Appendix 8).
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A subgroup analysis was conducted for the following surgical specialties: upper Gl tract (Figure 24), breast
(Fiqure 25), cardiothoracic lung (Figure 26) and orthopaedic knee (Figure 27). The risk of wound infection
appeared not to be statistically significantly different in upper Gl tract surgery (n=917, OR 1.15, 95% Cl
0.59 t0 2.27;, p=0.81; »=0%, fixed-effects model), cardiothoracic lung surgery (n =484, OR 0.34,

95% Cl 0.05t0 2.16; p=0.43; 2= 0%, fixed-effects model), breast surgery (n =418, OR 0.95, 95% Cl|

OR meta-analysis plot (fixed effects)

Fischer 201172 B 0.483 (0.008 to 9.574)
Frilling 200573 B 2.327 (0.315 to 26.561)
Kohno 199275 ] 0.483 (0.008 to 9.868)
Moench 2010230 = 2.903 (0.224 to 154.905)
Lillemoe 200483 —.— 1.145 (0.147 to 8.898)
Montorsi 201284 . 0.177 (0.000 to 4.766)
Martin 201386 [ 2.417 (0.409 to 17.082)
Huang 201564 B 0.318 (0.000 to 39.000)
Combined (fixed) 4 1.153 (0.585 to 2.273)
7’
I T T T T T T T T 1
0.001 0.01 0.102 051 2 5 10 100 1000

OR (95% CI)

FIGURE 24 Infections in upper Gl tract surgery: fibrin sealant vs. standard care.

OR meta-analysis plot (fixed effects)
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FIGURE 25 Infections in breast surgery: fibrin sealant vs. standard care.
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OR meta-analysis plot (fixed effects)

Gonfiotti 2011730 . 0.14 (0.00 to 2.48)

Marta 201035 N 1.02 (0.01 to 80.63)
Combined (fixed) 0.34 (0.05 to 2.16)
0.01 0.102 05 1 2 5 10 100

OR (95% ClI)

FIGURE 26 Infections in cardiothoracic lung surgery: fibrin sealant vs. standard care.
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FIGURE 27 Infections in orthopaedic knee surgery: fibrin sealant vs. standard care.

0.50 to 1.81; p=0.99; = 0%, fixed-effects model) or orthopaedic surgery (n =224, OR 1.00, 95% Cl
0.22 t0 4.51; p=0.70; 2= 0%, fixed-effects model).

Use of analgesics

Three RCTs'¥3217:222 reported on use of analgesics, but the data were too heterogeneously reported for
meta-analysis. Belboul et al.'** (cardiothoracic lung) reported on the number of days of post-operative
thoracic epidural analgesia, which was 2 days in the fibrin group and 3 days in the standard care group.
Altomare et al.?"” (colorectal) reported that no patients were on analgesics in the fibrin group and almost
all patients in the standard care group received analgesics. Cormio et al.??? (kidney) reported on the
number of doses of analgesic required during the first 24 hours post operation, which was 1.2 [standard
deviation (SD) 1.69] in the fibrin group and 1.17 (SD 1.56) in the control group.
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Complications arising from the use of drains
No RCTs reported on complications arising from the use of drains.

Continuous secondary outcomes

Continuous outcomes were analysed separately for each surgical area for RCTs with similar interventions
and comparators as the type of intervention (e.g. staples vs. stitches). The following continuous outcomes
are reported below: duration of operation, length of hospital stay, duration of drainage, pain levels and
health-related quality of life.

Duration of operation (minutes)
Duration of operation was reported in the following surgical specialties: upper Gl tract (gastric and liver),
eye and hernia.

Upper gastrointestinal surgery

Gastric surgery Mean duration of operation was reported in five gastric surgery RCTs,®*89%9 of which
two were included in the meta-analysis®®° (Figure 28). As operation time was expected to be dictated by
the type of surgery and interventions, only Sroka et al.*® and Musella et al.,® who reported on use of fibrin
in laparoscopic sleeve gastrectomies, were comparable. Sroka et al.*® compared sealant application with
both sutures and not applying sealant and Musella et al.®8 compared fibrin sealant with no sealant. A
non-significantly shorter mean time of —2.03 minutes (95% Cl -4.12 to 0.14 minutes; p = 0.07) was found
for fibrin sealant versus no sealant (n = 198).

Three RCTs were excluded from the meta-analysis: Pilone et al.2? compared fibrin sealant with no sealant,
Silecchia et al.% compared sealant application with sutures and Bulbuller et a/.*> compared sealant application
with both sutures and not applying sealant. SDs were reported only by Silecchia et al.,%? who investigated
the use of fibrin in laparoscopic gastric bypass and reported no statistically significant difference in operative
time. Challenges faced in interpreting these data are that duration of operation was not explicitly defined in
the papers and the type of sealant applied may have an effect on the time taken.

Liver surgery Mean duration of surgery was reported by four RCTs®*7" using fibrin in hepatic resection
surgery: Liu and Liu®® and Noun et al.”® seemed comparable as hepatic resection was carried out without

Effect size meta-analysis plot (fixed effects)
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FIGURE 28 Mean duration of gastric surgery in minutes: fibrin sealant vs. no sealant.
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liver mobilisation (Figure 29). Without liver mobilisation, the MD of the duration of surgery for fibrin
sealant compared with standard care is a decrease of 14 minutes (two RCTs,%*7° n =117, 95% Cl -54.2
to 24.3 minutes; p = 0.46), but this is not statistically significant.

In Figueras et al.,”" liver mobilisation was carried out in both intervention and comparator groups.

Uetsuiji et al.®® had three groups: (1) liver mobilisation and no sealant, (2) liver mobilisation with sealant

and (3) no liver mobilisation or sealant. Figueras et al.”' and the ‘liver mobilisation” groups were combined

in a separate meta-analysis. In liver with mobilisation, the MD increased by 19.07 minutes (two RCTs,%”"

n =364, 95% Cl 2.75 to 35.38 minutes; p = 0.02) for fibrin sealant compared with standard care (Figure 30).

Effect size meta-analysis plot (fixed effects)
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FIGURE 29 Mean duration of hepatic resection without liver mobilisation in minutes: fibrin sealant vs. standard care.

Effect size meta-analysis plot (fixed effects)
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FIGURE 30 Mean duration of hepatic resection with liver mobilisation in minutes: fibrin sealant vs. standard care.
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This result indicates a statistically significant increase in surgery time associated with the use of fibrin sealants
compared with standard care in hepatic resection with liver mobilisation.

Eye surgery Duration of surgery was reported in 12 RCTs'?7""63163166.168.169.171 that all compared fibrin
sealant with sutures and eight RCTs were included in the meta-analysis (Figure 37). Three RCTs™'%%1% did
not report variability around the means and, thus, were excluded from the analysis.

The mean duration was statistically significant shorter in the fibrin group than the sutures group, with a
MD of —12.13 minutes (95% Cl —12.59 to —=11.67 minutes; p < 0.01, #=99.1%, fixed-effects model, eight
RCTs, 7 158161.163.165166.168.171 n = 519)_The high level of heterogeneity was explored by sequentially excluding
individual RCTs to identify if the potential cause of the heterogeneity was caused by any individual RCT. This
was found not to be the case as 2 always remained > 90%. The random-effects model showed a MD of
—17.19 minutes (95% Cl —-23.35 to —12.50 minutes; p < 0.0001; # =99.1%, see Appendix 8). Furthermore,
the RCTs excluded from the meta-analysis also reported a shorter mean duration of surgery in the fibrin
group than the sutures group: Hall et al."® (12.04 vs. 26.04 minutes, respectively), Bahar et al.”™ (16 vs.

20 minutes, respectively) and Bahar et al.'® (16 vs. 28 minutes, respectively).

Hernia surgery Five RCTs'7>176178180.184 ranorted mean duration of surgery, of which four'76178180184
reported means and SDs and were included in two separate meta-analyses. Campanelli et a/.’”® and Damiano
et al.'® compared fibrin sealant with sutures (Figure 32). Surgery time was statistically significantly shorter for
fibrin sealant than sutures in the meta-analysis (n = 784), with a MD of —2.56 minutes (95% Cl-3.57 to
-1.56 minutes; p < 0.01). Lovisetto et al.’® and Chan et al."”® compared fibrin with staples (Figure 33).
Surgery time was statistically significantly longer with fibrin than with staples (n = 326), with a MD in surgery
time of 13.22 minutes (95% CI 11.59 to 15.26 minutes; p < 0.01). The excluded RCT'”® reported on a using
self-gripping mesh instead of fibrin and, therefore, could not be compared with either intervention.

Effect size meta-analysis plot (fixed effects)
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FIGURE 31 Duration of eye surgery in minutes: fibrin sealant vs. sutures.
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Effect size meta-analysis plot (fixed effects)
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FIGURE 32 Duration of hernia surgery in minutes: fibrin sealant vs. sutures.

Effect size meta-analysis plot (fixed effects)
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FIGURE 33 Duration of hernia surgery in minutes: fibrin sealant vs. staples.

Length of hospital stay (days)
Length of hospital stay was reported in the following surgical specialties: upper Gl tract (pancreas, gastric
and bowel), cardiothoracic (lung and heart), breast and joint (knee).

Upper gastrointestinal surgery

Pancreatic surgery Three RCTs®"#% reported mean length of hospital stay for pancreatic surgery when
using fibrin sealant and two®#¢ were included in the meta-analysis (Figure 34). The study by Carter et al.®'
was excluded because the authors did not report variability around the mean. Fibrin sealants statistically
significantly decreased hospital stay for fibrin sealant compared with standard care in a meta-analysis
(n=181), with a MD of —1.40 days (95% CI —1.72 to —1.09 days; p < 0.01). Carter et al.®' reported that
mean hospital stay was shorter in the fibrin sealant group (6.4 days) than in the control group (7.3 days),
which is consistent with the results of the meta-analysis.
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Effect size meta-analysis plot (fixed effects)

Lillemoe 200483 .

Martin 201386 .

T T T 1
-15 -10 -5 0 5
MD -1.4031 (95% CI —-1.720005 to —1.086196)

FIGURE 34 Length of hospital stay in days in pancreatic surgery: fibrin sealant vs. standard care.

Gastric and bowel surgery Three RCTs®*## reported mean length of hospital stay: two for surgery
around the gastric region®® and one for stay after bowel surgery,5 utilising fibrin sealant. The three RCTs
were considered sufficiently similar to be analysed together; however, Pilone et al.® did not report
variability around the mean and was therefore excluded. Silecchia et al.% and Musella et al.®® were
combined in meta-analysis (Figure 35). There was not a statistically significant increase in hospital stay for
fibrin sealant compared with standard care in the meta-analysis (n = 420), which had a MD of 0.04 days
(95% CI -0.34 to 0.42 days; p =0.82). Pilone et al.®® reported a mean hospital stay of 6.5 days and 7 days
for the fibrin sealant and control groups, respectively.

Cardiothoracic surgery
Lung surgery Six RCTs'24125127.128130136 ranorted mean hospital stay for lung surgery and were considered

similar enough to be included in a meta-analysis. However, only three RCTs'?"3%"3¢ reported variability
around the mean and were analysed (Figure 36). Mean length of hospital stay was statistically significantly

Effect size meta-analysis plot (fixed effects)
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FIGURE 35 Length of hospital stay in days in pancreatic surgery: fibrin sealant vs. standard care.
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Effect size meta-analysis plot (fixed effects)
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FIGURE 36 Length of hospital stay in days in cardiothoracic lung surgery: fibrin sealant vs. standard care.

reduced for fibrin sealant compared with standard care in the meta-analysis (n = 269), with a MD of

-1.37 days (95% Cl -1.93 to -0.81 days; p < 0.01; 2=91.9%). However, there is a high level of heterogeneity
between the RCTs, and the significant result becomes non-significant in a random-effects meta-analysis

(MD —1.20 days, 95% Cl-3.22 to 0.81 days; p = 0.24). The studies excluded from the meta-analysis reported
a lower mean hospital stay for the fibrin group than the control group: Fabian et al.'?® reported 4.6 versus

4.9 days, respectively; Droghetti et al."* reported 11 versus 14.3 days, respectively; and Anegg et al.'*
reported 6.2 versus 7.7 days, respectively.

Heart surgery Tavilla et al.®® (n = 1436) reported a mean length of hospital stay of 5.99 days (SD 3.95 days)
and 6.07 days (SD 4.21 days) between fibrin and control groups, respectively, and p-value of 0.71 indicating
no statistically significant difference.

Breast surgery Ten RCTs reported mean hospital stay following breast surgery using fibrin sealants, of
which eight'041067109.112115116 \yere included in the meta-analysis (Figure 37). Two RCTs were excluded for
the following reasons: Udén et al.*® did not report variability around the mean and Jain et al.*° did not
report mean duration separately for two of the groups. Mean length of hospital stay was statistically
significantly reduced in the meta-analysis (n = 440), with a MD of —0.73 days (95% Cl -0.95 to —-0.50
days; p <0.01; #=88.7%). The high level of heterogeneity was explored by sequentially excluding
individual RCTs to identify if the potential cause of the heterogeneity was caused by any individual RCT.
This was found not to be the case as 2 always remained > 80%. However, the statistically significant
result became non-significant in a random-effects meta-analysis (MD —-0.87 days, 95% Cl -1.75 to

0.01 days; p=0.05).

Joint surgery (knee) Four RCTs reported mean hospital stay following knee surgery using fibrin sealants,
of which three'1%51%% were included in the meta-analysis (Figure 38). Molloy et al.' was excluded from
the meta-analysis because they did not report variability around the mean. There was no significant effect
on the mean duration of hospitalisation for knee surgery for fibrin sealant compared with standard care in
the meta-analysis (n = 251), giving a MD of 0.07 days (95% Cl —0.74 to 0.88 days; p=0.87; 2=0%,
fixed-effects model).

Duration of drainage Duration of drainage was reported in the following surgical specialties: breast and
axillary lymph nodes, liver and lung surgery.
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Effect size meta-analysis plot (fixed effects)
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FIGURE 37 Length of hospital stay in days in breast surgery: fibrin sealant vs. standard care.
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FIGURE 38 Length of hospital stay in days for knee surgery: fibrin sealant vs. standard care.

Breast and axillary lymph nodes A total of 15 RCTs reported mean duration of drainage, of which
1396102,104107.109,110.112.115-117.251 \were included in the meta-analysis (Figure 39). Two RCTs did not report
variability around the means®+'?* and were excluded from the meta-analysis. In the meta-analysis (n = 953),
there was a statistically significantly lower mean number of days of drainage of —-0.50 days (95% CI —-0.68
to —0.33 days; p < 0.01; 2 =90.6%, fixed-effects model) when fibrin sealant was used than standard care.
The high level of heterogeneity was explored by sequentially excluding individual RCTs to identify if the
potential cause of the heterogeneity was caused by any individual RCT. This was found not to be the case
as P always remained > 90%. However, the random-effects model showed an increased MD of —1.06 days
(95% Cl -1.69 to —0.42 days; p=0.01; see Appendix 8).
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Effect size meta-analysis plot (fixed effects)
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FIGURE 39 Duration of drainage in days in breast and axillary lymph nodes surgery: fibrin sealant vs. standard care.

Liver surgery Mean duration of drainage after liver surgery was reported by four RCTs®>%%747> and
combined in a meta-analysis (Figure 40). In the meta-analysis (n =202) there was a not a statistically
significant difference in the number of drainage days for fibrin sealant compared with standard care, with
a MD of -0.27 days (95% Cl -0.82 to 0.27 days; p = 0.33; # = 0%, fixed-effects model).

Effect size meta-analysis plot (fixed effects)
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FIGURE 40 Duration of drainage in days for liver surgery: fibrin sealant vs. standard care.
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Lung surgery Mean duration of drainage after lung surgery was reported by five RCTs'26.127:130136.137 that
were combined in a meta-analysis (Figure 41). In the meta-analysis (n = 399) there was a statistically
significant lower number of drainage days for fibrin sealant than standard care, with a MD of —0.46 days
(95% Cl -0.53 to -0.39 days; p < 0.01; P =91%, fixed-effects model). The high level of heterogeneity
was explored by sequentially excluding individual RCTs to identify if the potential cause of the heterogeneity
was caused by any individual RCT. This was found not to be the case as ? always remained > 80%. The
random-effects model also showed a statistically significant MD of —2.10 days (95% CI -3.65 to —0.56 days;
p=0.01; see Appendix 8).

Pain levels

Pain was reported by 20 RCTs in six surgical specialties: breast,>>**'%" joint, 42147150 ENT,87:190.192 p|astic
and reconstructive,?92'! gyg!37139.161.165,166:168.169.171 and yrology.??? The large differences in the different
scales used, time points at which assessments took place and lack of variability data did not permit a
meta-analysis. When RCTs measured pain at different time intervals, pain is reported for the first
mentioned measurement point after surgery (Table 217).

No data on pain assessments could be reported for five RCTs for the following reasons: Antufa et al.’>
reported values only for the entire group; Mabrouk et al.*'* reported only that ‘all of the patients suffered
from pain, ecchymosis, and oedema postoperatively, but to varying degrees’; Diamond et al.?*? reported
only that ‘the most common adverse event reported was abdominal pain’; Hall et al.’®® did not report
values; and Pryor et al.'®® reported only ‘no significance difference for overall rate of pain or recovery

(o =0.06)". Furthermore, eight RCTs’8107:108151.133.221.239.230 o]y reported the number of patients with pain.

Health-related quality of life
No RCTs reported on health-related quality of life.

Effect size meta-analysis plot (fixed effects)
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FIGURE 41 Duration of drainage in days for lung surgery: fibrin sealant vs. standard care.
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TABLE 21 Pain levels in included RCTs

Study
(author, year)

Breast

Jainetal.,
2004%

Llewellyn-
Bennett et al.,
2012

Zhibo and
Miaobo, 2009%

Joint (knee)

Skovgaard
etal, 2013™

Molloy et al.,
2007

Heyse et al.,
2014'%

ENT (nose)

Vaiman et al.,
2006'

Prado et al.,
2006'¥

Yu et al.,
2014

Fibrin sealant
and standard
care group
description

Fibrin sealant
(Tisseel), no drain

No glue, no drain
No glue, drain

Fibrin sealant
(Tisseel)

Standard closure

Fibrin sealant and
lidocaine

Standard care
(lidocaine only)

Fibrin sealant only

Fibrin sealant
(EVICEL), spray

Standard care
(saline)

Fibrin sealant
(Quixil)

Tranexamic acid
Standard care
Fibrin sealant spray

Standard care

Fibrin sealant
(Quixil)

Standard care
(electrocautery)

Fibrin sealant
(Beriplast)

Standard care

Fibrin sealant spray

Standard care
(sponge packing)

Number of Pain score and variability

patients

29

29
58
48

53
10

10

10

24

24

50

50
50
98
100

40

40

1
I
41

Within
patient®

description

Mean post-operative pain at
24 hours (not reported
separately for Tisseel, no
drain and no glue, no drain
groups)

Donor-site pain visual
analogue scale score over
15 days

Post-operative pain during
first week post operation
(day 1); self-reported pain
recorded on a scale of 0-3,
where 0 =no pain, 1=light
pain, 3 =worst pain

Visual analogue scale score
for rest and flexion at day 1
post surgery

Pain scores at 6 hours using
a 100-mm visual analogue
scale, in which 0
represented no pain and
100 the most severe pain

Pain (on visual analogue
scale) at 6 weeks

Visual analogue scale pain
scores at peak for saliva
swallow, normal swallow,
drinking and dysphagia
severity score

Pain (10-cm visual analogue
scale)

Pain during packing; pain on
removal of packing

Pain score

3.2

3.2
4.5
27

34

10

Rest: 22;
flexion: 45

Rest: 26;
flexion: 44

17.6

19.4
20.03
43
3.9

Approximately
6.5-7.0

Approximately
6.8-7.6

4

42,45
3.1, 83

Variability
around score

SD 0.9

SD 0.9
SD 1.5
Range: 0-89

Range: 7-79
NR

NR

NR

Rest: range
8.5-58; flexion:
range 22-71

Rest: range
12-51; flexion:
range 29-67

15.9

17.9
20.4
NR
NR

NR

NR

25% quartile: 3;
75% quartile: 4

25% quartile: 3;
75% quartile: 5

1.4,1.0
0.9; 1.1
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TABLE 21 Pain levels in included RCTs (continued)

Study
(author, year)

Fibrin sealant
and standard
care group
description

Plastic and reconstructive

HEALTH TECHNOLOGY ASSESSMENT 2016 VOL. 20 NO. 94

Number of Pain score and variability

patients

description

Pain score

Variability
around score

Danielsen et al.,  Fibrin sealant 20/19 Pain score on day 5 post 3 Range: 2.0-5.0
20087 (Vivolution) surgery
Standard care 20 4 Range: 3.0-5.0
(gauze and
pressure)
Healy et al., Fibrin sealant 20 Mean daily pain score at 0.42 95% Cl 0.19 to
2013%" (Tisseel) 14 days post surgery 0.65
Mefix self-adhesive 20 1.6 95% CI 1.11 to
fabric dressing 2.08
Eye
Rubin et al., Fibrin sealant 21 Overall mean post-operative 5.1 SD 1.26
2011'% pain as recorded on visual
Standard care 26 analogue scale 4.77 SD 1.21
(sutures)
Uy et al., Fibrin sealant 11 Pain on day 1; using a ~2.2 NR
2005'® (Beriplast) five-point scale adapted
from Lim-Bon-Siong et al.:***
Standard care 11 0=none, no pain; 1 =very ~3.1 NR
(sutures) mild, presence of pain but
easily tolerated; 2 = mild,
pain causing some
discomfort; 3 = moderate,
pain that partially interferes
with usual activity or sleep;
4 = severe, pain that
completely interferes with
usual activity or sleep”
Bahar et al., Fibrin sealant 42 Mean pain score on day 1 ~37 NR
2007 (Quixil) post surgery; grading
symptoms and signs on a
Standard care 39 scale of 0—4° ~66 NR
(sutures)
Malik and Fibrin sealant 25 Pain score, based on Wong 0.44 SD 0.583
Kumar, 2010""  (Tisseel duo-quick) Baker FACES® Pain Rating
Scale®?
Standard care 25 3.32 SD 0.802
(sutures)
Kucukerdonmez  Fibrin sealant 32 Five-point scale assessment ~2.4 ~1
etal, 2010" of degree of pain®
Standard care 38 ~3.6 ~1
(Vicryl sutures)
Bahar et al., Fibrin sealant 39 Mean pain score on day 2 ~48 NR
2006'° (Quixil) post surgery; grading
symptoms and signs on a
Standard care 26 scale of 0-4° ~22 NR
(sutures)
continued
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TABLE 21 Pain levels in included RCTs (continued)

Karalezli et al., Fibrin sealant 25 Pain on day 1 post surgery ~2.5 NR
2008 (Tisseel) using a five-point scale,
adapted from Lim-Bon-Siong
Standard care 25 et al % 0= none, no pain; ~3.1 NR
(sutures) 1 = very mild, presence of

pain but easily tolerated;

2 =mild, pain causing some
discomfort; 3 = moderate,
pain that partially interferes
with usual activity or sleep;
4 = severe, pain that
completely interferes with
usual activity or sleep®

Ratnalingam Fibrin sealant 68 Median pain score day 1 1 NR
etal., 2010'® post surgery
Standard care 69 2 NR
(sutures)
Urology
Cormio et al., Fibrin sealant 49 Visual analogue scale pain 4.24 SD 2.32
2012 (TachosSil patch) score at day 1 post
operation
Standard care 47 4.77 SD 2.28
(nephrostomy
tube)

NR, not reported.

a The patient received the intervention and control on different body areas. Therefore, different body parts were
randomised to receive either the intervention or control.

b Absolute values not reported.

Assessment of harms

Randomised controlled trials

Ten RCTs in various surgical specialties (liver, two RCTs;”’” kidney, two RCTs;**??' mixed, one RCT;**" oral
and maxillofacial, one RCT;*' hernia, one RCT;"® plastic and reconstructive, one RCT;**® vascular, one
RCT;** and orthopaedic, one RCT'3) reported adverse events that were thought to be related to the use
of fibrin sealants (Table 22). Sample sizes varied from 7°° to 316'"® participants. Only Fischer et al.**'
reported a death as possibly related to fibrin sealant application in upper Gl tract surgery caused by a large
bleed, but bleeding did not occur at the target bleeding site and no further information was provided.
Other RCTs reported on various non-severe adverse events: mild cellulitis and mild seroma,?*' anaemia,”
extravasation of urine,?" incision site complications®®* and mild generalised skin rash.’ Severity was
unclear for the following: excessive pain, scar pain and testicular pain hydrocele in Campanelli et al.,"”®
post-procedural haemorrhage in Nativ et al.>® and antibodies to hepatitis B in Schwartz et al.”’ It was not
reported how adverse events were related to the application of fibrin sealant or how severity was
determined. The time when adverse events occurred after surgery was immediately in Aguilera et al.,"®

2 hours later in Nativ et al.,>® 1 and 14 days later in Hester et al.*" and 32 days later in Saha et al.,** but
was not reported in Fischer et al.,**' Campanelli et al.,"’® Schwartz et al.,”” Frilling et al.”® and Siemer

et al.?*' Furthermore, another 21 RCTs explicitly reported that there were no complications or adverse
eVentS related ’[O flbrln 14,62,65,67,88,94,124-127,141,142,193-195,206,207,225,227,232,238
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TABLE 22 Fibrin-related adverse events reported in RCTs

Fischer et al.,
2013%4

Hester et al.,
2013%

Campanelli
etal., 2012

Schwartz et al.,

2004"

Frilling et al.,
20057

Siemer et al.,
2007

Nativ et al.,
2012

Vanscheidt
etal., 2007%%®

Saha et al.,
2011%4

Aguilera et al.,
2013

90/141

75

316

207

148

185

225

73

166

Mixed

Oral and
maxillofacial

Hernia

Liver

Liver

Kidney

Kidney

Plastic or
reconstructive

Vascular

Orthopaedic
(joint)

Of the patients who received fibrin pads, 2.7% (3/11) experienced a related
or possibly related AE, compared with 6.7% (2/30) of patients who received
absorbable haemostat. These events include operative haemorrhage, ascites
and suspected pulmonary embolism. There was no confirmation to rule out
relatedness, therefore these AEs were attributed as related to the assigned
treatment

Seven serious AEs resulted in death: six (5.4%) in the fibrin group and one
(3.3%) in the absorbable haemostat group. One of the deaths in the fibrin
pad group was considered possibly related to treatment (massive intraluminal
Gl bleed, although bleeding did not occur at the target bleeding site)

Two of the non-SAE were considered related to treatment: 1 patient
had mild cellulitis on the side of the face treated with FS VVH S/D 4
s-apr (14 days postoperatively), and 1 patient had mild seroma on
postoperative day 1

Adverse events were attributed to study product in three patients in the
fibrin sealant group (1.9%: one excessive pain, one scar pain, one
testicular pain hydrocele)

One patient developed antibodies to hepatitis B after being treated with
Crosseal. The patient had also received 16 units of allogeneic blood and, in
view of the recognised effectiveness against hepatitis B virus of the viral
inactivation techniques used in the manufacture of Crosseal, this event
was considered unlikely to be related to the fibrin sealant. No further
information was available regarding blood donors

Four adverse events were considered to be possibly related to the test
treatment. Three of them were considered to be serious: postoperative
haemorrhage (TachoSil), abscess and pleural effusion (argon beamer),
while one was considered not to be serious: anaemia (TachoSil)

Two severe adverse events were related to treatments in the trial. In a
subject who received TachoSil extravasation of urine, a non-serious
event was reported. One patient who received standard treatment
reported subileus, a serious event. The patient was treated successfully
with analgesics, laxatives, and diet. Both patients recovered fully

One case was haemodynamically instable and post-procedural haemorrhage
was observed in the drain 2 hours after surgery. This required the patient to
be reoperated, and the source of bleeding was the resection area beneath
the fibrin pad. The fibrin pad was removed and haemostasis was achieved
using a standard surgical technique. A total of 10 units of blood were
administered in the post-operative period and the patient was discharged
from the hospital without sequelae

One patient was found to have a ‘certain’ adverse event (application site
disorders) related to the study treatment; this was in the Bio Seed-Ss group.
Two AEs (general disorders, n=1; skin and appendages, n= 1) reported in
the BioSeeds treatment group were ‘probably’ related to treatment. Six AEs
(general disorders, n =2; skin and appendages, n = 2; secondary terms,
n=2) were 'possibly’ related

One non-serious AE that was considered possibly related to FS was incision
site complications. The complication occurred 32 days after application of FS
and raised concerns of possible graft occlusion. An angiogram indicated
venous stenosis in the area of the anastomosis. The investigator stated that a
causal relationship to FS was unlikely but could not be completely ruled out

A 67-year-old man who received Tissucol developed a mild generalized
skin rash in the immediate postoperative period. This rash resolved
after the administration of an oral antihistamine and topical
corticosteroid treatment

AE, adverse event; FS, fibrin sealant; SAE, serious adverse event; VH S/D 4 s-apr, ARTISS sealant.
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ASSESSMENT OF CLINICAL EFFECTIVENESS

Observational studies

Eight included observational studies reported adverse events that appear to be fibrin related (Table 23).
There were no reports of death or serious adverse events from the observational studies included in the
systematic review. Cagatay et al.**? and Choi et al.*** thought that the application of too much fibrin
sealant caused discomfort for patients undergoing eye surgery, but this was expected to be solved by
surgeons gaining more expertise with fibrin sealant application. Jiang et al.?*® reported a slighter higher
proportion of patients with graft oedema in eyes treated with fibrin sealant. In upper Gl tract surgery
statistically significantly more events were seen in patients treated with fibrin sealants (i.e. inflammation,?*

TABLE 23 Fibrin-related adverse events reported in observational studies

Cagatay et al.,
2014%*

Jiang et al.,
2008%*

Choi et al.,
2010%*

Efthimiou
etal, 2010**

Ibele et al.,
2014%¢

Nanashima
etal, 2012*

Marchac et al.,
199424

Sakic et al.,
2013*°

103

40

126

474

529

341

200

418

Conjunctival
autografting for
pterygium surgery
(eye)

Conjunctival
autografting for
pterygium surgery
(eye)

Pars plana
vitrectomy (eye)

Laparoscopic
Roux-en-Y gastric
bypass (upper Gl
tract)

Laparoscopic
Roux-en-Y gastric
bypass (upper Gl
tract)

Hepatobiliary
pancreas surgery;
hepatectomy and
pancreatectomy
(upper Gl tract)

Rhytidectomy
(plastic)

Bilateral internal
thoracic artery
grafting (vascular)

One patient experienced serious discomfort post operatively as a
result of excess glue. The excess was removed from the ocular
surface using scissors to trim it under slit lamp biomicroscopy

The development of Tenon's cyst was not higher in patients
in the fibrin group (5/53) than in the control group (3/53) in a
statistically significant manner (p=0.71)

A yellowish graft edema was observed in some eyes in the first few
days post operatively, which resolved gradually and spontaneously.
There were more cases of edema in the fibrin sealant group than
in the sutures group (8/20 vs. 3/20, respectively). However, the
difference between the two groups in graft edema development
was not statistically significant (p = 0.077)

Three patients reported discomfort, possibly caused by the
application of too much glue, and two cases showed wound
dehiscence, probably caused by too little solution. However,
such problems can be overcome with further experience

Patients had an increased inflammatory response with the
application of fibrin sealant, indicated by statistically significant
higher temperature, white blood count and heart rate in the fibrin
group compared to the two control groups (p =0.001). There was
an increased rate of fever (six patients in fibrin group vs. none in
the control group) and abdominal collection (two patients in fibrin
group vs. none in the control groups)

The rate of stricture requiring dilation was a significantly increased
in the sealant group (11.3%, compared with 4.8% stricture rate
in patients who did not receive sealant; p =0.04)

Patients in the fibrin sealant group showed a notable stricture
delay with strictures occurring an average of 4.1 weeks following
surgery without sealant and 9.2 weeks after surgery (p =0.3),
suggesting that the mechanism of stricture formation may have
differed between the two groups

In the hepatectomy group, uncontrolled ascites were more
frequent in the fibrin glue group (145/228) than in the
non-fibrin glue group (6/94) (o < 0.05)

One complication unique to the fibrin glue treated group was
the postoperative finding of trapped pockets of air. These had
the appearance of small haematomas and yielded 3-5 cc of
air on aspiration

The use of platelet-enriched-fibrin glue (PRF) sealant, however,
was associated with more superficial sternal infections (OR: 3.7,
95% ClI: 1.3 to 10.5, p=0.02)

NIHR Journals Library www. journalslibrary.nihr.ac.uk



DOI: 10.3310/hta20940

HEALTH TECHNOLOGY ASSESSMENT 2016 VOL. 20 NO. 94

strictures requiring dilatation®*® and uncontrolled ascites**’). In Marchac et al.?*® trapped pockets of air
were only found in the fibrin group and Sakic et al.?*° reported more superficial sternal infections in
patients treated with fibrin sealant.

Regulatory body reports
Five reports from the MHRA (one report), EMA (one report) and FDA (three reports) websites reported on
deaths associated with the use of fibrin sealants, as either case series or single case reports (Table 24).

Medicines and Healthcare products Regulatory Agency

The MHRA notes the findings from the EMA, namely the number of life-threatening or fatal air embolisms.

A total of six reports of such events have been reported worldwide according to the EMA — EVICEL

(five reports), Tisseel (four reports), Quixil (four reports)*** — although Quixil is no longer available in the UK.

In 2013, the MHRA provided updated guidance for the use of sprayable fibrin sealants. Four sprayable
fibrin sealants are authorised for use in the UK:?**

1. EVICEL
2. Tisseel Lyo

3. Tisseel Ready to use
4. Artiss solution for sealant, deep frozen.

TABLE 24 Serious adverse events (deaths) reported by the MHRA, EMA and FDA

MHRA?*

EMA255

FDA®®

FDA®’

FDA®

EVICEL, Tisseel
and Artiss

Artiss,
Beriplast P,
EVICEL, Tisseel,
Tissucol spray
applications

Artiss and
Tisseel

Tisseel

Tisseel

February
2013

15 March
2013

5 October
2009

2014

February
2015

Drug safety
update

Questions and
answers

Important drug
warning:
fatality reported

Fatalities
reported

Medical device
report analysis

The MHRA notes the
findings from the EMA

Risk of air or gas
embolism;
recommendations for
surgeons

Risk of life-threatening
air or gas embolism
with the use of spray
devices employing
pressure regulator to
administer fibrin
sealants

Three deaths thought
to have occurred as a
result of the use of
Tisseel fibrin sealant

An analysis of nine
reports of adverse
events involving one
death

www.gov.uk/drug-safety-
update/sprayable-fibrin-
sealants-evicel-tisseel-and-artiss-
updated-guidance (accessed

11 November 2015)

WWWw.ema.europa.eu/ema/
index.jsp?curl=pages/
medicines/human/referrals/
Fibrinogen-containing_
solutions_for_sealant_
authorised_for_administration_
by_spray_application/human_
referral_000332.jsp&mid=
WC0b01ac05805c516f
(accessed 11 November 2015)

www.fda.gov/
biologicsbloodvaccines/
safetyavailability/ucm209778.
htm (accessed 11 November
2015)

www.fda.gov/downloads/
advisorycommittees/
committeesmeetingmaterials/
pediatricadvisorycommittee/
ucm386895.doc (accessed

11 November 2015)

www.fda.gov/downloads/
advisorycommittees/
committeesmeetingmaterials/
pediatricadvisorycommittee/
ucm388149.pdf (accessed

11 November 2015)
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European Medicines Agency

In 2012, the EMA completed a review of the safety and effectiveness of four fibrin sealants (Tisseel,
Tissucol, Artiss and Beriplast P) used in spray formation.?** The agency’s CHMP considered the evidence
for the development of gas embolisms and concluded that the benefits outweigh the risks. The CHMP
recommended that the wording on product information be strengthened; the manufacturers of the
products should ensure that they are used with pressure regulators that do not exceed the maximum
pressure necessary for the delivery of the fibrin sealant; and labelling with the recommended pressure and
distance. Furthermore, the EMA report suggests that the product information should include a warning
that the risk of gas embolism appears to be higher when sprayed with air than with carbon dioxide (CO,)
The report also recommends patients to be closely monitored for signs of possible gas embolism (heart
rate, blood pressure, oxygen and CO, levels in blood) during procedures using sprayable fibrin sealants.

Food and Drug Administration
The FDA website contained reports of five fatalities arising from the use of fibrin sealants.

The FDA reported:

Air or gas embolism has occurred with the use of spray devices employing pressure requlator to
administer fibrin sealants. This event appears to be related to the use of the spray device at higher
than recommended pressures and in close proximity to the tissue surface. When applying fibrin
sealants using a spray device, be sure to use the pressure within the pressure range recommended by
the spray device manufacturer. In the absence of a specific recommendation avoid using pressure
above 20-25 psi. Do not spray closer than the distance recommended by the spray device
manufacturer. In the absence of a specific recommendation avoid spraying closer than 1015 cm from
the surface of the tissue. When spraying the fibrin sealant, changes in blood pressure, pulse, oxygen
saturation and end tidal CO, should be monitored because of the possibility of occurrence of air or
gas embolism.

Recommendations for surgeons are similar those previously mentioned for the EMA:

Specifically, the safety update includes the following instructions for sealant application using a spray
device to help prevent air or gas embolism:

utilize spray pressure that is within the recommended quidelines by the device manufacturer
ensure that distance between the spray head and the application bed is within the recommended
quidelines of the device manufacturer;

monitor patients for air or gas embolism.

The FDA reported a fatal air embolism after the use of an EVICEL spray device. EVICEL
was being used to arrest a haemorrhage using a spray device (wall unit) at a higher than recommended
pressure. Additionally, the spray head was held at a distance from the bleeding area that was closer than
the recommended guidelines suggest. The website also advises the use of fibrin sealant spray at pressures
of <20-25 pounds/inch2.

A safety review for Tiseel/Tissucol by the Centre for Biologics Evaluation and Research of
the FDA identified three adult deaths considered likely to be associated with the use of the fibrin sealant.
In one case (reference 9283933) from Columbia, a fatal thrombosis and colon necrosis was observed in
a male aged 60 years. Tissucol was sprayed after a right hepatectomy. After the operation the patient
underwent a repeat laparotomy and a mesenteric thrombosis was found; after a hepatectomy the patient
died. Underlying liver disease is a risk factor for development of mesenteric thrombosis. In a second case
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(reference 9540751), from Germany (in 1990), a male experienced a fatal air embolism after gastropic
sealing for the closure of a fistula. It is reported that:

... seconds after the Tissucol immune gas flow, the patient lost consciousness and had a cardiac
arrest. Autopsy showed the right ventricle filled with air and death was assumed to be due to
air embolism.

The third death associated with Tissucol (case 8815161) was of a male aged 37 years from the UK who
suffered a fatal cardiac arrest during revision laminectomy. The device was held closer than the
recommended distance to the tissue, with the tip of the applicator being located within the wound.

Furthermore, the FDA Manufacturer and User Safety Device Experience database reports one death of a
patient who lost consciousness and experienced a cardiac arrest:

Autopsy showed the right ventricle was filled with air, and death was assumed to be due to an
air embolism.

However, the source is reported to be published literature from 1990 and, as the wording is similar to that
of case reference 9540751 from the safety review, the researchers of this report consider it highly likely to
be a duplicate report.
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Chapter 4 Discussion

Statement of principal findings

This review included 186 RCTs to assess the benefits of fibrin sealants during non-emergency surgery in
adults. The RCTs, eight observational studies and five reports from regulatory bodies were used to inform
a review of harms caused by the use of fibrin sealants. Studies were found in the following 15 surgical
specialties: upper Gl tract (digestive system), breast and lymph nodes, orthopaedic (joints), eye, hernia,
otolaryngology (ENT), vascular, plastic or reconstructive, colorectal (anus), oral (mouth) and maxillofacial,
mixed, gynaecological, urology, neurology and cardiothoracic.

Evidence of effectiveness

A series of meta-analyses carried out over different populations and different formulations of fibrin sealant

to assess the effectiveness of fibrin sealants on improving various post-operative outcomes shows that the
effectiveness of fibrin sealants does not appear to vary according to surgical procedures, as there was
virtually no heterogeneity in the meta-analyses of primary and secondary dichotomous outcomes. The results
from the fixed-effects analyses are presented below. However, the results of secondary continuous outcomes
should be interpreted with caution because of the uncertain quality of included studies and the large amount
of statistical heterogeneity identified in the meta-analyses. Where high levels of heterogeneity were
identified, the results from the random-effects analyses are reported (i.e. duration of eye surgery, length of
hospital stay for breast surgery and duration of post-operative drainage for breast and lungs surgery).

The primary outcomes of this review were seroma and haematoma development. The most frequently
reported indication for fibrin sealant use was the prevention of post-operative seroma (37 RCTs) in surgical
procedures for breast and axillary/inguinal, hernia, plastic, liver and otolaryngology. A meta-analysis of data
from 3472 patients (32 RCTs) did not identify a significant benefit for fibrin sealant over standard procedures
(OR 0.84,95% Cl1 0.681t0 1.04; p=0.13; 2= 12.7%). Development of haematoma was reported by

26 RCTs in breast and axillary/inguinal lymph nodes, hernia, plastic, orthopaedic, upper Gl tract, oral and
otolaryngology. A meta-analysis of 24 RCTs (n = 2403) demonstrated a statistically significant effect for fibrin
sealant compared with standard care (OR 0.62, 95% Cl 0.44 to 0.86; p =0.01; 2= 0%) that was driven by
the results for hernia surgery in four RCTs (OR 0.22 95% C1 0.06 to 0.74; p =0.01; = 0%). Furthermore,
there was a trend of haematoma risk reduction in the remaining surgical specialties that was not statistically
significant (o = 0.87 for breast, p = 0.20 for orthopaedic and p = 0.88 for upper Gl tract). A post hoc analysis
was conducted that combined both seroma and haematoma as it was plausible that these events were
broadly similar, and in some studies they were combined in a single outcome. This meta-analysis of 48 RCTs
to explore the impact of combining seroma and haematoma showed a statistically significant benefit for
fibrin sealant use compared with control (OR 0.77, 95% C1 0.64 t0 0.92; p=0.01; P=6.7%).

Secondary dichotomous outcomes included in this review were haemorrhage (bleeding), reoperation,
infections, use of analgesics and complications arising from the use of drains. There was no statistically
significant difference in the risk of post-operative bleeding between patients receiving fibrin sealants and
standard care (18 RCTs, OR 0.64, 95% Cl 0.40 to 1.02; p=0.08; 2 =0%) and the risk of developing
infections (25 RCTs, OR 0.76, 95% Cl 0.54 to 1.06; p =0.12; 2= 0%). However, there was a statistically
significant reduction in risk of haemorrhage when using fibrin sealants within upper Gl tract surgery

(six RCTs, OR 0.39, 95% C1 0.19 to 0.80; p =0.01). The risk of reoperation was significantly lower among
patients receiving fibrin sealants than among control patients (17 RCTs, OR 0.65, 95% Cl 0.48 to 0.87;
p=0.00; 2=0%). However, a non-statistically significant higher risk of reoperation was found in breast
surgery (three RCTs, OR 1.21, 95% CI 0.51 to 2.90; p =0.83; =0%) and lung surgery (two RCTs,

OR 1.38, 95% Cl 0.47 to 4.04; p=0.76). Use of analgesics was reported by only four RCTs. No RCTs
reported on complications arising from the use of drains.
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Secondary continuous outcomes included duration of operation, length of hospital stay, use of drains,
pain levels and health-related quality of life. There was evidence of statistically significant benefit of fibrin
sealants compared with standard care in the mean duration of operation for eye surgery in eight RCTs
(fixed-effects model: MD —12.13 minutes, 95% Cl -12.59 to —11.67 minutes; p < 0.01; 2=99.1%;
random-effects model: MD —17.19 minutes, 95% Cl -23.35 to —12.50 minutes; p < 0.0001; 2 =99.1%)
and hernia surgery in two RCTs (MD —2.56 minutes, 95% Cl -3.57 to —1.56 minutes; p < 0.01; no P).
However, in surgery with liver mobilisation, a meta-analysis of two RCTs showed a statistically significant
longer duration of operation when fibrin sealants were used (MD 19.07 minutes, 95% Cl 2.75 to 35.38
minutes; p =0.02; no ). Fibrin sealants were shown to reduce the length of hospital stay for people
undergoing upper Gl tract surgery involving the pancreas in two RCTs (MD —1.40 days, 95% Cl -1.72 to
-1.09 days; p < 0.01; no P), cardiothoracic lung surgery in two RCTs (MD —1.37 days, 95% Cl -1.93 to
-0.81 days; p < 0.01; no P) and breast surgery in eight RCTs (fixed-effects model: MD —-0.73 days, 95% Cl
—0.95 to -0.50 days; p < 0.01; 2 =88.7%; random-effects model: MD —-0.87 days, 95% Cl -1.75 to 0.01
days; p=0.05). The duration of post-operative drainage for breast and axillary lymph nodes was slightly
reduced (12 RCTs, fixed-effects model: MD —-0.50 days, 95% Cl -0.68 to —0.33 days; p < 0.01; #=90.6%;
random-effects model: MD —1.06 days, 95% Cl —-1.69 to —0.42 days; p =0.01), as well as the duration of
drainage for lung surgery (five RCTs, fixed-effects model: MD —0.46 days, 95% Cl -0.53 to —0.39 days;

p <0.01; 2=91.0%; random-effects model: MD -2.10 days, 95% Cl -3.65 to —0.56 days; p =0.01), for
fibrin sealants than standard care. These results were not consistent across surgical specialties, with fibrin
sealants showing no beneficial effect when compared to standard care in the following surgical specialties:
duration of operation in surgery without liver mobilisation (four RCTs; p = 0.46), gastric surgery (two RCTs;
p =0.07); length of hospital stay in gastric and bowel surgery (two RCTs; p = 0.82), joint surgery (four
RCTs; p=10.871) and duration of drainage in liver surgery (four RCTs; p = 0.33). However, the high level
of heterogeneity warrants caution with interpreting the results of these analyses. This might be expected
when the likely duration of different operations conducted is being considered (e.g. a longer duration of
upper Gl tract surgery than eye surgery). Pain levels were reported in 20 RCTs, but the large differences in
the various scales used and time points at which assessments took place, as well as lack of variability data,
did not permit a meta-analysis. No RCT reported on health-related quality of life.

Overall, 154 studies were assessed as having an ‘unclear risk of bias’, eight RCTs as having a ‘high risk of
bias’ and 24 RCTs as having a ‘low risk of bias’. The risk-of-bias table (see Table 37) shows a high level
of uncertainty about the validity of data collected across all parameters, especially regarding the blind
collection of patient outcomes.

This review considered the evidence that fibrin sealants cause serious adverse events from data contained
in reports from the RCTs, observational studies and the regulatory bodies (MHRA, EMA and FDA).

Ten RCTs in various surgical specialties (liver, kidney, mixed, oral and maxillofacial, hernia, plastic and
reconstructive, vascular, orthopaedic) reported adverse events that were thought to be related to the use
of fibrin sealants by primary study investigators or reviewers. Only one RCT reported a death as possibly
related to fibrin sealant application in upper Gl tract surgery caused by a large bleed, but bleeding did not
occur at the target bleeding site and no further information was provided. Other RCTs reported on various
non-severe adverse events including mild cellulitis and mild seroma, anaemia, extravasation of urine,
incision site complications and mild generalised skin rash. Severity was unclear for excessive pain, scar pain,
testicular pain hydrocele and post-procedural haemorrhage antibodies to hepatitis B. It was not reported
how adverse events were related to the application of fibrin sealant or how severity was determined.

The time at which adverse events occurred after surgery was immediate,™ 2 hours,* 1 and 14 days*'

or 32 days,** but not reported in five RCTs.739195110187 Another 22 RCTs explicitly reported that there were
no complications or adverse events related to fibrin.

Eight observational studies reported adverse events that appear to be fibrin related by primary study
investigators or reviewers, but there were no reports of death or serious adverse events. In eye surgery,
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the application of too much fibrin sealant was thought to cause discomfort for patients, but this was
expected to be solved by surgeons gaining more expertise with fibrin sealant application. It was reported
that the proportion of eyes that developed graft oedema was higher in the fibrin sealant group (8/20) that
in the. in the standard care group (3/20). In upper Gl tract surgery more of the following events were seen
in patients treated with fibrin sealants: inflammation, strictures requiring dilatation and uncontrolled
ascites. In plastic or reconstructive surgery trapped pockets of air were only found in the fibrin group.
Furthermore, in vascular surgery more superficial sternal infections were found in patients treated with
fibrin sealant. The evidence from observational studies did not produce evidence of causality about fibrin
sealants resulting in potentially serious adverse events. The validity of the eight observational studies was
compromised by a general failure to report whether or not adverse events were assessed independently,
whether or not blinding to the assigned allocation was performed and at which time point the adverse
event occurred.

Five MHRA, EMA and FDA reports warned about deaths from air emboli as a result of fibrin sealants,
in aerosol form, being held too close to tissues and used at higher than recommended pressures.

Strengths and limitations of the assessment

This research reviewed the evidence on the benefits and harms from the use of fibrin sealants compared
with standard care for adults undergoing non-emergency surgery. The large number of RCTs allowed
analysis of results for the most common and consistently measured outcomes, and the strength of this
systematic review is that the findings are based on increased statistical power from these meta-analyses.

It was not possible to provide a detailed evaluation of individual RCTs in their respective contexts because
of the limited resources that were available for this research. In addition, the number of RCTs that were
identified made it impractical to conduct independent data extraction by two reviewers in the time
available. Another consequence of the resource constraints imposed by the identification of such a large
number of RCTs was our limited ability to perform a thorough evaluation of the source of heterogeneity

in meta-analyses where this was identified at high levels of inconsistency. However, the high level of
heterogeneity in continuous secondary outcomes was explored by sequentially excluding individual RCTs to
identify if the potential cause of the heterogeneity was caused by any individual RCT. This was often found
not to be the case as /2 remained >80% or >90%. Had additional time been available, analyses to assess
the impact of different fibrin glues and delivery mechanisms would have been evaluated. However, all
RCTs that met the eligibility criteria were included in order to create a repository for future researchers.

A second strength of the review is the inclusion of evidence regarding harms arising from the use of fibrin
sealants, a methodologically challenging approach for those engaged in evidence-based research.
However, poor reporting of adverse events in RCTs and observational studies limited our ability to provide
a comprehensive overview of harms. The review cites only reported outcomes that are likely to be
considered important in clinical practice but were not part of the scope of the review; one example is that
the data for the use of fibrin sealant to prevent cerebrospinal fluid leakage in neurology RCTs could not be
included in meta-analyses. Although individual RCTs are referenced, their findings are not discussed
because of the three RCTs evaluating the effect of fibrin sealants for the prevention of cerebrospinal fluid
leakage after neurosurgery,’®*%23” one measured cerebrospinal fluid in ml,?*® one categorised data into
minor, moderate or major cerebrospinal fluid leakage and presented absolute numbers?*” and another
RCT presented outcome data as the absolute number of patients with watertight closure of the dura.™
The findings of these RCTs did not converge and the inconsistencies make any interpretation difficult.
Furthermore, cost-effectiveness was not assessed and would be a relevant outcome for policy-makers and
budget-holders.

As mentioned in Chapter 3, Methods of analysis/synthesis, there were changes between the protocol and
this review. Systematic reviews were not included and, therefore, the quality of systematic reviews was
not assessed, as was mentioned in the protocol.*® Haematoma is an additional post hoc primary outcome
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that was not included in the protocol. As the mechanism of haematoma and seroma formation is similar,
and is reported in some studies interchangeably, it was deemed important to include haematoma as a
primary outcome. In addition, a post hoc analysis of combined seroma and haematoma development was
undertaken. Haemorrhage, pain levels and infections were described in the protocol as adverse events —
but have been moved to secondary outcomes as these were found to be adverse events of surgery and not
related to fibrin sealant (and fibrin sealants are used to reduce these adverse events related to surgery).
The duration of operation was used to reflect the outcome ‘nurse or doctor time’ instead of the previously
mentioned ‘dressing or fine-needle aspirations’. Sensitivity analyses were planned to be carried out for
aspects of the review that might have an impact on the results, for example, including studies in which
there is a high risk of bias.*®* However, most studies were assessed as having an unclear risk of bias and,
therefore, these analyses were not deemed to be appropriate. Sensitivity analysis using a random-effects
model was conducted, but as a result of the large number of RCTs identified in the review it was not
possible to perform additional analyses in the time available. Furthermore, overall risk of bias in included
RCTs was deemed to be ‘unclear’, which may reflect poor reporting of primary studies in published papers
rather than potentially flawed methods employed.

The overall results for haematoma development show a significant benefit for using fibrin sealants over
standard care, and are supported by the trends in all of the subgroup analyses. However, despite the large
number of RCTs included in this systematic review, there remains uncertainty with regard to reducing the
risk of post-operative seroma for most of the secondary outcomes considered. In some cases the direction
of the non-statistically significant trend suggested that fibrin sealants might be harmful; for example, data
from the meta-analyses of RCTs showed a non-statistically significant effect in breast and lung surgery
suggestive of an increase in the risk of reoperation.

Clinical opinion noted that most patients are now managed within enhanced recovery programmes and
may not stay in hospital with drains, as they did previously. Therefore, data on length-of-stay reduction
may not reflect current practice (Mr Kurinchi Gurusamy, UCL and Royal Free NHS Trust, 2016,

personal communication).

The researchers were unable to obtain information about the use and costs of fibrin sealants to the NHS in
England. NHS England replied to our request indicating that it does not hold this information but that
individual hospital trusts may be able to provide these data. It was beyond the scope of the current
research to perform a survey of NHS trusts to provide results that would be representative for the NHS

in England.
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Chapter 5 Conclusions

Implications for service provision

Fibrin sealants statistically significantly reduce the risk of development of haematoma when used in
non-emergency surgical procedures compared with standard care, but the reduction in risk of
post-operative seroma remains unproven.

We found reports®** stating that the spraying of fibrin sealants caused the formation of air emboli which
resulted in perioperative deaths during elective surgical procedures. Surgeons should follow the detailed
safely recommendations when using fibrin sealants and they are advised by regulatory bodies that prior to
applying fibrin sealants by spray application, a pressure regulator device should be used and the surface
area of the wound should be dried. The patient’s blood pressure, heart rate, oxygen saturation and
end-tidal CO, should be closely monitored when spraying fibrin sealants because of the potential to create
an air embolism. The use of air in the spray device is considered more dangerous than CO,, and warnings
to this effect are issued by the regulatory bodies.

Recommendations about how and for which procedures certain products should be used are available.
EVICEL spray should be used with CO, gas (not pressurised air) and in laparoscopic procedures should be
used only when the spray distance is at least 4 cm; it is not recommended for use in any other endoscopic
procedures.? The recommended spray distance for Tisseel is even shorter, at 2 cm from the tissue.®” Artiss
is recommended for use only in open-wound surgery and not during laparoscopic or any other endoscopic
procedures, and there is no risk of gas embolism with Beriplast P when used in accordance with the
prescribing advice and with the recommended device, although this product is not used in the UK.
Surgeons are advised to utilise spray pressure that is within the recommended guidelines by the device
manufacturer; to ensure that the distance between the spray head and the application bed is within the
recommended guidelines of the device manufacturer; and to monitor patients for air or gas embolism.

Suggested research priorities

The search carried out for this review (May 2015) identified only a small number of RCTs (< 10) that
showed statistically significant differences between fibrin and comparators. No evidence of a statistically
significant effect of fibrin sealants compared with standard care was found for the outcomes listed for the
following surgical indications:

all surgical specialties (seroma development)

neurological, gynaecological, oral and maxillofacial, urology, colorectal and orthopaedics knees or hips
(for any outcome)

breast surgery (haematoma development)

upper Gl tract (haematoma development)

cardiothoracic heart or lung surgery (reoperation rates).

The most appropriate study type to assess outcomes would be a RCT in which outcome assessors and,
potentially, patients, but not surgeons, are blind to intervention. In general, RCTs of fibrin sealants in
non-emergency surgery are small and involve fewer than 100 people; an a priori sample size that is
adequate to ensure that a statistically significant effect can be detected should be used.

The findings of this review are based on data that show inconsistent effects as a result of the large number
of small RCTs that evaluated different outcomes, sometimes for the same surgical area. It is necessary that
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CONCLUSIONS

those who undertake future RCTs capture all important outcomes in the same population of patients.
Researchers should plan RCTs that collect data for biological outcomes, such as seroma, haematoma,
duration of drainage and more service-related outcomes, such as length of hospital stay and rates of
reoperations, in order to reach a balanced view of the benefits and harms arising from fibrin sealants.
A variety of units of analysis were used within the same surgical specialties and this limited the number
of studies included in each meta-analysis. The work of other researchers should be evaluated using, for
example, this review to inform the design of new RCTs and employ units of analysis that are consistent
with those used in previous RCTs to enable the conduct of meta-analyses.

Furthermore, adverse events of the use of fibrin sealants were poorly and infrequently reported in both
RCTs and observational studies. Only Fischer et al.?*' reported a death as possibly related to fibrin sealant
application in upper Gl tract surgery caused by a large bleed, but bleeding did not occur at the target
bleeding site and no further information was provided. Researchers need to test a biologically plausible
hypothesis when testing whether or not adverse events are related to the use of fibrin sealants. Both RCTs
and observational studies on the use of fibrin sealants in all surgical specialties need to assess harms
relevant to the specific surgical area.
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Appendix 1 Literature search strategies
Randomised controlled trial search MEDLINE In-Process & Other
Non-Indexed Citations and Ovid MEDLINE search strategy

Date searched: 19 May 2015.

Date range searched: inception to 2015.

Search strategy

1. exp Fibrin tissue adhesive/ (3992)
2. Fibrin Foam/ (155)

3. (fibrin adj2 glu$).tw. (3415)

4. (fibrin adj2 seal$).tw. (1546)

5. (fibrin adj2 adhesi$).tw. (676)

6. fibrin spong$.tw. (38)

7. fibrin bandag$.tw. (7)

8. fibrin aerosol$.tw. (1)

9. (biological adj2 glu$).tw. (541)

—
o

. (biological adj2 seal$).tw. (76)

. Beriplast.tw. (87)

. Bolheal.tw. (10)

. Collaseal.tw. (1)

. Tissucol.tw. (302)

. Tisseel.tw. (281)

. Quixil.tw. (36)

. Biocol.tw. (6)

. Omrixil.tw. (1)

. Vivostat.tw. (36)

. Hemaseel.tw. (10)

. Crosseal.tw. (8)

. Tachocomb.tw. (112)

. Tachosil.tw. (137)

. Tissel.tw. (5)

. Transglutine.tw. (4)

. or/1-25 (6775)

. Randomized Controlled Trials as Topic/ (96,124)
. randomized controlled trial/ (387,346)
. Random Allocation/ (82,288)

. Double Blind Method/ (128,148)

. Single Blind Method/ (19,993)

. clinical trial/ (490,948)

. clinical trial, phase i.pt. (14,761)

. clinical trial, phase ii.pt. (23,777)

. clinical trial, phase iii.pt. (9622)

. clinical trial, phase iv.pt. (994)

. controlled clinical trial.pt. (88,856)
. randomized controlled trial.pt. (387,346)
. multicenter study.pt. (181,269)

. clinical trial.pt. (490,948)
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APPENDIX 1

41. exp Clinical Trials as topic/ (285,725)
42. or/27-41 (1,059,020)

43. (clinical adj trial$).tw. (229,125)

44. ((singl$ or doubl$ or treb$ or tripl$) adj (blind$3 or mask$3)).tw. (133,359)
45. PLACEBOS/ (32,653)

46. placebo$.tw. (164,245)

47. randomly allocated.tw. (18,131)

48. (allocated adj2 random$).tw. (20,780)
49. or/43-48 (440,148)

50. 42 or 49 (1,217,384)

51. case report.tw. (215,419)

52. letter/ (867,687)

53. historical article/ (311,107)

54. or/51-53 (1,382,196)

55. 50 not 54 (1,186,930)

56. 26 and 55 (788)

Observational study search MEDLINE In-Process & Other
Non-Indexed Citations and Ovid MEDLINE search strategy

Date searched: 19 May 2015.
Date range searched: inception to 2015.
Search strategy

exp Fibrin tissue adhesive/ (3992)
Fibrin Foam/ (155)

(fibrin adj2 glu$).tw. (3415)
(fibrin adj2 seal$).tw. (1546)
(fibrin adj2 adhesi$).tw. (676)
fibrin spong$.tw. (38)

fibrin bandag$.tw. (7)

fibrin aerosol$.tw. (1)
(biological adj2 glu$).tw. (541)
(biological adj2 seal$).tw. (76)
. Beriplast.tw. (87)

. Bolheal.tw. (10)

. Collaseal.tw. (1)

. Tissucol.tw. (302)

. Tisseel.tw. (281)

. Quixil.tw. (36)

. Biocol.tw. (6)

. Omrixil.tw. (1)

. Vivostat.tw. (36)

. Hemaseel.tw. (10)

. Crosseal.tw. (8)

. Tachocomb.tw. (112)

. Tachosil.tw. (137)

. Tisseel.tw. (5)

. Transglutine.tw. (4)

. or/1-25 (6775)
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27. adverse effects.mp. (88,922)

28. contraindications.mp. (15,525)

29. Intraoperative Complications/ or Postoperative Complications/ (312,034)

30. ae.fs. (1,395,438)

31. co.fs. (1,642,251)

32. safe.ti,ab. (235,639)

33. safety.ti,ab. (304,730)

34. side effect$.ti,ab. (184,400)

35. treatment emergent.ti,ab. (2294)

36. undesirable effect$.ti,ab. (2173)

37. adrs.ti,ab. (2252)

38. (adverse adj2 (effect or effects or reaction or reactions or event or events or outcome or outcomes)).ti,ab.
(267,285)

39. or/27-38 (359,9151)

40. 26 and 39 (2592)

Footnote
‘ae’ denotes the subheading ‘adverse effects’.

‘co’ denotes the subheading ‘complications’.
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Appendix 2 Tables of study characteristics and

data tables

TABLE 25 Randomised controlled trial characteristics: liver surgery

Liver

Bektas et al.,
2014%

de Boer et al.,
2012°¢

Chapman
et al., 2000

Uetsuji et al.,
19948

Liu and Liu,
1993%

Noun et al.,
19967

Figueras et al.,
2007"

70

310

67

87

40

82

300

Aged > 18 years
scheduled for elective
resection of at least one
anatomical liver segment

Aged > 18 years

who underwent
resection of at least

one liver segment or a
non-anatomical resection

Male or non-pregnant
female patients
scheduled for
hemihepatectomy or
segmental resection of
the liver by tangential
excision

Not reported

Patients with diagnoses
of benign or malignant
disease of the liver
scheduled for liver
resection

Patients undergoing

elective hepatic resection.

Patients with associated
biliary reconstruction/Gl
procedure were excluded

Patients undergoing
hepatic resection and
patients who required
contralateral hepatic
resection, concomitant
bowel resection or
bilioenteric anastomosis

Tisseel Spray
(applied from a
distance of
10-15cm)

Quixil (Crosseal
in the USA)

CoStasis Surgical

Hemostat
(Cohesion
Technologies
Inc., Palo Alto,
CA, USA)

‘Spray’

manufactured by

IMMUNOAG

(Vienna, Austria)

Fibrin adhesive

Glue (Biocol;
Bio-transfusion,
Lille, France)

5 ml of Tissucol

Manual
compression

Conventional
technique such as
suture, clip or
coagulation

Collagen sponge
applied with
pressure

Liver mobilisation
without fibrin
sealant

No fibrin adhesive

No fibrin sealant

No fibrin sealant or
collagen

Proportion of subjects
with intraoperative
haemostasis; failure to
achieve haemostasis
within 4 minutes;
intraoperative
rebleeding after

4 minutes

Occurrence of a
resection surface-related
complication; bleeding
or evidence of a
haematoma in proximity
to the resection surface

Primary end point:
haemostatic success;
secondary end point:
time to bleeding

Presence or absence of
liver cirrhosis; operative
procedure; time
required for operation;
duration of anaesthesia;
amount of bleeding;
amount of blood
transfused

Operation time; blood
loss; post-operative
bloody discharge;
removal of drain tube;
blood transfusion

Fluid drainage;
haemoglobin
concentration; bilirubin
concentration;
complications

Patients with
intraoperative
transfusion (%); blood
transfusion units;
post-operative
transfusion; hospital
mortality; duration of
operation (minutes)

continued
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TABLE 25 Randomised controlled trial characteristics: liver surgery (continued)

Frilling et al., 121
20057

Fischer et al., 119
20117

Kakaei et al., 45
20137

Kohno et al., 62
19927

Moench etal.,, 128
20147

Schwartz 121
et al., 2004”7

Patients undergoing
elective hepatic resection.
All patients gave their
written informed consent
before any trial-specific
procedures

Aged > 18 years, elective
liver resection, at least
segmental resection of
the liver and only minor
(0ozing) or moderate
haemorrhage persisting
after primary procedures

All patients with
resectable liver lesions of
any size during this
period were included in
this study

Not reported

Patients aged > 18 years
scheduled for an elective,
open liver resection
(segmental or
non-segmental)

Adult patients (aged

> 18 years) were
candidates for entry if
they required liver
resection for any reason
except trauma and
underwent no major
surgical intervention
beyond the liver

Tachosil

TachoSil

TachoSil is an
absorbable
surgical patch

Beriplast solution

Patch (Tachosil)

Spray (Crosseal/
Quixil)

Argon beamer
(argon beam
coagulator)

Argon beam
coagulation

Glubran 2 (GEM
Srl, Viareggio, Italy)
is a synthetic
surgical glue

Microcrystalline
collagen powder
from bovine

Collagen hemostat
Sangustop fleeces
(Aesculap AG,
Tuttlingen,
Germany)

Actifoam (Davol Inc.,
Cranston, RI, USA),
Avitene (CR Bard,
Murray Hill, NJ,
USA), Gelfoam
(Pfizer Inc., New
York City, NY, USA),
Oxycel (Parke-Davis,
Detroit, MI, USA),
Surgicel and Surgicel
Nu-Knit Johnson &
Johnson, Somerville,
NJ, USA), and
Thrombinar (King
Pharmaceuticals,
Bristol, TN, USA)

Time to haemostasis
was the primary
outcome measure

Primary end point:
haemostasis; secondary
end points: total
drainage volume,
post-operative duration
of drainage, content of
haemoglobin and
bilirubin in the drainage

The primary objective
was to compare time to
haemostasis between
groups. Secondary
outcomes were blood
loss calculated; amount
of blood substitute
administered; sponges
used; and total amount
of blood in the suction

Primary end point:
(efficacy of the fibrin
tissue adhesive). The
primary efficacy end
point was haemostatic
efficacy during surgery,
post-operative
rebleeding, bile leakage
and other complications

Haemostasis within

3 minutes after
application of
haemostat; haemostasis
after 5 and 10 minutes
of application of
haemostat; time to
haemostasis; blood
transfusions

Time to haemostasis;
percentage achieving
haemostasis within

10 seconds; volume of
blood loss; duration of
post-operative bilious
drainage; occurrence of
abdominal fluid
collection
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TABLE 25 Randomised controlled trial characteristics: liver surgery (continued)

Pancreas

Carter et al., 109
2013%

Suzuki et al., 56
19958

Lillemoe et al.,, 124
2004%

Montorsi 275
etal., 2012%

Suc et al., 182
2003%

Martin and 57
Au, 2013%

Gall bladder

Fu etal., 60
200978

Danielsen 51

etal., 20107

Dimo et al., 80
1989%°

Not reported

Patients undergoing
distal pancreatectomy

Patients with pancreatic-
enteric anastomosis
considered to be at high
risk for the development
of pancreatic leak

Adults aged > 18 years
undergoing elective
distal pancreatectomy,
with or without spleen
preservation, for
pancreatic disease other
than chronic pancreatitis

Patients undergoing
pancreatic resection

Patients undergoing
pancreaticoduodenectomy

All patients whose
American Society of
Anaesthetists physical
status was | or I

Patients aged > 18 years
subjected to elective
laparoscopic
cholecystectomy

Patients admitted to the
surgical department

for elective simple
cholecystectomy

Fibrin glue was
injected

Tisseel, glue
(applied over
suture)

Hemaseel (glue)

Absorbable fibrin
sealant patch
(TachoSil)

Tissucol

Tisseel

Fibrin sealant

Autologous
platelet-rich
fibrin (Vivostat)

Beriplast, spray

The remnant could
be stapled or
mattress sutured

No application of
fibrin glue

No such fibrin
application

Standard suturing
or stapling

Resection without
ductal occlusion

No application of
Tisseel

Laparoscopic
cholecystectomy

Human albumin

No application of
Beriplast

Post-operative
complications;
development of a
pancreatic fistula;
percutaneous drain
placement; drain
amylase values

Occurrence of
post-operative
pancreatic fistula

Pancreatic fistula;
complications; length
of stay; reoperation;
death; cost savings

Primary end point:
occurrence of post-
operative pancreatic
fistula; number of days
until drain removal,
volume of fluid drained;
and length of hospital
stay. Adverse events
and post-operative
complications were also
reported

Post-operative abdominal
complications;
post-operative mortality;
reoperation

Drain lipase levels;
anastomotic leak; all
complications; length of
hospital stay; death

Post-operative pain.
Secondary efficacy
parameters: amount of
pethidine hydrochloride
used per capita

Wound infection

Secretion volume and
total at day 1 post
surgery; number of days
until drain removal

continued
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APPENDIX 2

TABLE 25 Randomised controlled trial characteristics: liver surgery (continued)

Mixed Gl

Hwang and
Chen, 1996°

Huang et al.,
2015%

Oliver et al.,
2012%

Bulbuller et al.,
2013*

Fernandez
Fernandez
etal., 1996%

Musella et al.,
2014%

Silecchia et al.,
2008%

Pilone et al.,
2012%

Sroka et al.,
2015%

42

61

65

86

100

320

30

165

Patients with low output
(< 20 ml/day)
enterocutaneous fistulas
that had been present for
2-4 weeks

Aged 16-70 years with
locally advanced gastric
cancer confirmed by
pathological testing
and confined to the
abdominal cavity

Patients undergoing
high-risk anastomosis of
the digestive tract with
or without Gl surgery,
intestinal anastomosis

Adult patients aged
18-60 years undergoing
classical laparoscopic
sleeve gastrectomy

Patients undergoing total
gastrectomy for gastric
adenocarcinoma

Men and women aged
18-65 years with a BMI
ranging from 40 to

55 kg/m?

Aged 21-65 years,
morbidly obese

(BMI 40-59 kg/m?),
undergoing laparoscopic
gastric bypass

Candidates for sleeve
gastrectomy

Aged > 18 years and
had clear indication for
bariatric surgery

Fibrin tissue
glue, infused

Cisplatin loaded
into a syringe
and sprayed

Tissucol Duo

4 ml of Tisseel
fibrin sealant

Tissucol

Spray (Tisseel)

Tissucol/Tisseel
fibrin sealant

Tachosil

EVICEL

Conservative
treatment with
total parenteral
nutrition

Standard care

No fibrin adhesive
in the suture line

Without suture or
with suture

Curative resection
without fibrin glue

No fibrin sealant

Closure of the
mesentery defects
and the Petersen
space was carried
out using stitches

Spray (Tachosil)

Suture

Fistula closure time;
time to discharge;
recurrence; adverse
reactions

Disease-specific overall
survival; local and/or
systemic infections;
abdominal leakage;
death as a result of the
procedure; biochemical
differences over time

Incidence of
anastomotic leakage;
incidence of further
surgical intervention
and mortality

Post-operative
complications: bleeding;
anastomosis leakage;
wound site infection;
abscess formation;
duration of hospital
stay; reoperation

Number of fistulas;
post-operative
complications; length of
hospital stay; death

Occurrence of
complications; operative
time; length of hospital
stay; time to oral diet
initiation

Proportion of
complication-free
patients; length of
hospital stay;
occurrence of
anastomotic stenosis;
weight loss; occurrence
of early complications;
adverse effects directly
related to fibrin sealant

Operation time; length
of hospital stay (time of
discharge); complications;
change in haemoglobin
and red blood cells

Operating time; change
in haemoglobin level;
drain amount; patients
receiving packed cells;
late, infected
haematoma
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TABLE 25 Randomised controlled trial characteristics: liver surgery (continued)

Sample Population

size (n) (inclusion criteria) Intervention Comparator Outcomes

Fékété et al., 100 Patients undergoing Quick-setting No application of Operative mortality

1992° surgery and requiring fibrin glue fibrin glue rate; fistulas incidence
oesophageal anastomosis rate and severity;

anastomotic stenosis

Huang and 95 Patients diagnosed with Fibrin glue Standard surgery Operative time;

Qian, 2014% gastric carcinoma by procedure intraoperative blood
preoperative gastric loss; post-operative
endoscopy and drainage volume;
pathological examination complications; wound

healing conditions

BMI, body mass index.

TABLE 26 Randomised controlled trial characteristics: mixed orthopaedic surgery

Study Sample Population

(author, year) size (n) (inclusion criteria) Intervention Comparator Outcomes

Antufa etal, 28 Patients with a diagnosis ~ Platelet-rich No additional Primary end point:

2013' of a massive rotator cuff ~ fibrin treatment was shoulder function;
tear of the posterosuperior applied secondary end points:
rotator cuff (two tendons, self-report scale to
> 5cm) made by clinical evaluate the upper-
examination and magnetic extremity of disability,
resonance imaging pain and degree of

satisfaction

Aguilera etal., 172 Adult patients (aged Tissucol Tranexamic acid or  Post-operative drain

2013 > 18 years) scheduled for routine haemostasis  blood; total blood loss;
elective primary total rate of perioperative
knee arthroplasty blood transfusion;

haemoglobin; rate of
surgical infections; length
of hospital stay; rate of
venous thrombosis;

mortality

Wang et al., 71 Aged > 18 years with Omrixil, spray Standard Intraoperative blood loss;

2003'3 diagnosis of osteoarthritis haemostatic blood loss for the post-
of the hip, scheduled for techniques operative period; volume
primary unilateral total of blood in the drains
hip replacement

Lassen et al., 69 Patients (aged Vivostat (spray) ~ No topical Intraoperative blood

2006™" > 18 years) undergoing haemostatic loss; drain volume;
elective primary hip treatment auto-transfusion;
arthroplasty surgery in hospitalisation times;
one Danish hospital oozing; haematoma

Levy et al., 46 Patients who had Octacol F15 No fibrin adhesive ~ Reduction in blood loss;

1999 osteoarthritis of the knee  (Quixil); spray reduction in haemoglobin
scheduled to have levels; reduction in blood
unilateral total knee transfusion; development
arthroplasty with cement of haematoma; functional
(cruciate-sparing recovery; range of motion
implants)

Skovgaard 24 Adults aged > 18 years EVICEL, spray Saline as placebo Blood loss; pain; range

etal., 2013™ with symptomatic and of movement; swelling;
radiographic bilateral readmission within
knee osteoarthritis 90 days from the

operation

continued
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APPENDIX 2

TABLE 26 Randomised controlled trial characteristics: mixed orthopaedic surgery (continued)

Falez et al.,
2013™*

Kluba et al.,
2012

McConnell
etal, 2011™®

Molloy et al.,
2007

Sabatini et al.,
2012

Randelli et al.,
2014

Wang et al.,
2001™

Choufani
etal., 2015™'

Heyse et al.,
2014

57

24

66

100

70

114

53

60

198

Aged between 45 and
75 years; pre-operative
haemoglobin levels equal
to 11 g/dl and fibrinogen
levels within normal
range

Patients diagnosed with
primary osteoarthritis of
the knee and scheduled
for primary bicondylar
knee arthroplasty with
cement

Patients were eligible if
they were scheduled to
undergo elective primary
unilateral cemented hip
arthroplasty

Pre-operative
haemoglobin level
<13.0 g/dl prior to total
knee replacement

Patients treated for
osteoarthritis of the
knee with total knee
cement-less arthroplasty

Patients with a diagnosis
of osteoarthritis of the
knee scheduled for
primary total knee
arthroplasty

Patients with
osteoarthritis and a
baseline haemoglobin
level of <1109/l and
evidence of a bleeding
or metabolic-based
haemolytic disorder were
excluded from the study

Patients undergoing
elective total knee
replacement

Patients aged > 18 years
who were able and
willing to give informed
consent

Fibrin spray

Quixil (topical
spraying)

Fibrin spray

Quixil spray

Quixil

EVICEL

Spray

EVICEL, spray

Spray applicator

Standard care:
electrocautery to
seal the vessels

Standardised
general anaesthesia
and fluid regiment
control

Tranexamic acid

Tranexamic acid
intravenously

Blood recovery
device

Electrocautery after
the release of the
tourniquet

No placebo was
used in the control

group

No fibrin sealant

Standard care — no
fibrin sealant

Blood loss (ml) at 6, 24,
48 and 72 hours;
measured using
autologous blood
transfusion device
(Bellovac™, Astra Tech
Ltd, Gloucestershire, UK)

Post-operative fluid loss;
maximum flexion; length
of stay; complications

Median intraoperative
blood loss

Post-operative pain
scores; total blood loss;
post-operative
haemoglobin level; length
of hospital stay;
complications

Blood loss; haemoglobin
decrease; surgical time;
transfusions;
complications

Total blood loss; time to
drain removal; changes in
haemoglobin levels;
mean haemoglobin level
and haemoglobin loss;
drained blood loss; length
of hospital stay

Amount of post-operative
drainage in 12 hours;
haemoglobin level on the
first post-operative day;
transfusion requirements;
adverse events; hematoma;
Seroconversion

Post-operative blood
transfusion, difference in
haemoglobin levels
between pre and post
operation; total

blood loss at third
post-operative day;
adverse events

Drain output 24 hours
after surgery;
transfusions;
haemoglobin levels;
haematocrit levels; range
of motion; pain scores
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TABLE 26 Randomised controlled trial characteristics: mixed orthopaedic surgery (continued)

(inclusion criteria) Intervention Outcomes

(author, year) size (n)

Comparator

Mawatari 100
etal., 2006

Total hip arthroplasty
patients

Autologous
fibrin tissue

No application of
fibrin sealant

Intra- and post-operative
blood loss; complications

adhesive, spray

such as infection,
deep-vein thrombosis,
pulmonary embolism

TABLE 27 Randomised controlled trial characteristics: vascular surgery

Study

(author, year)

Sample Population

size (n)

(inclusion criteria)

Intervention

Comparator

Outcomes

Bajardi et al., 20 Patients with intact TachosSil Compression Primary outcome: time
2009'* infrarenal abdominal haemostatic to achieve haemostasis;
aortic aneurysm surgical patch secondary outcomes:
blood loss, duration of
the operation, drain
volume, requirement for
blood transfusion
Schenk et al., 38 Patients who were Glue (Bioplasma)  Cellulose (surgical)  Time to haemostasis;
2003' undergoing PTFE graft occurrence of
placement for dialysis haemostasis; time of
access application plus time to
haemostasis; duration of
graft implant procedure
Jackson etal.,, 47 Patients undergoing Human fibrin Thrombin-soaked Haemostasis within
1999'% elective carotid sealant, applied  gelatine sponge 15 minutes; amount of
endarterectomy with as a liquid blood loss; time to
expanded PTFE patch haemostasis
closure
Milne et al., 16 Patients undergoing a Spray Nothing was Operative blood loss;
19952 carotid endocardectomy applied to the time to achieve
suture line haemostasis; total
operative time; drop in
haemoglobin level;
post-operative
cerebrovascular accident
Milne et al., 39 Patients undergoing Injection (applied  Nothing was Time to achieve
19962 either arterial bypass using a syringe)  applied to the haemostasis; operation
surgery with a PTFE suture line time; intraoperative
bypass graft or aortic blood loss; proportion
aneurysm repair with a achieving haemostasis;
woven Dacron graft post-operative virology/
infection
Saha et al., 140 Patients scheduled for A soluble Continuous manual  Proportion of patients
2012 arterio-arterial bypasses mixture that compression with who achieved

with expanded PTFE
grafts. Patients with
moderate or severe
anastomotic suture-hole
bleeding that could not
be controlled with
additional suturing

transforms to
form a matrix

surgical gauze pads

haemostasis at the
study suture line of the
graft; incidence of
intraoperative
rebleeding; incidence
of post-operative
rebleeding

continued
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TABLE 27 Randomised controlled trial characteristics: vascular surgery (continued)

Joseph et al.,
2004%°

Sintler et al.,

2005

Taylor et al.,

2003'°

Chalmers
etal, 2010

Czerny et al.,
2000%%

Saha et al.,
2011%4

Schenk et al.,
2002'%

24

20

128

70

60

73

28

Patients undergoing
femoral anastomosis and
femoral or carotid patch
angioplasty with PTFE
grafts

Primary procedure,
normal clotting profile
and on aspirin (75 mg)
for at least 2 weeks prior
to surgery

Male or non-pregnant,
non-lactating females,
aged > 18 years,
scheduled for elective
extruded PTFE grafting

Aged > 18 years,
scheduled for vascular
procedure using
uncoated or heparin-
coated PTFE prosthetic
graft material with at
least one end-to-side
anastomosis to a femoral
or upper-extremity artery

Vascular reconstruction
surgery with PTFE
prosthesis, aged

> 18 years

Patients undergoing PTFE
graft placement surgery,
including arterio-arterial
bypasses and
arteriovenous dialysis
access shunts

Aged > 18 years who
required placement of a
PTFE graft with arterial
and venous anastomoses
using non-filament
non-absorbable suture to
obtain an arteriovenous
fistula for renal dialysis
access

TachoComb,
moistened
patches

Quixil

Beriplast P gel

EVICEL

TachoComb H
patch

Fibrin sealant
(Tisseel)

Hemaseel

Compression with
10 x 10 cm?
surgical swabs

Kaltostat

Thrombin-soaked
gelatin sponge

Manual
compression

Surgical compresses
only to control
suture hole
bleedings

Manual
compression

Commercial topical
bovine thrombin
(thrombogen),
oxidised cellulose
(Surgicel)

Time to haemostasis;
blood loss during the
operation; duration
of operation; drain
volume; requirement
for blood transfusion;
surgeons rating of
efficacy; coagulation
parameters

Time to achieve
haemostasis; blood loss;
adverse events

Haemostasis at

4 minutes post
randomisation; volume
of blood loss at the
anastomosis; incidence
of repeat bleeding;
duration of intensive
care unit stay; length of
hospital stay; mortality

Primary end point:
absence of bleeding
at the anastomosis

at 4 minutes after
randomisation;
secondary end point:
absence of bleeding at
the anastomosis

Time to haemostasis;
intraoperative blood
loss; intraoperative
blood substitutes;
duration of the
operation

Proportion of patients
achieving haemostasis;
incidence of
intraoperative rebleeding
after achievement of
haemostasis; incidence
of post-operative
rebleeding that required
surgical exploration;
transfusion requirements

Time to haemostasis

PTFE, poly(1,1,2,2-tetrafluoroethylene).
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TABLE 28 Randomised controlled trial characteristics: breast

Berger et al.,
20017

Udén et al.,
1993%

Benevento
etal., 2014

Jain et al.,
2004%

Johnson et al,,
2005'°

Llewellyn-
Bennett et al.,
2012™

Nielsen et al.,
1985'3

Ko et al.,
2009'?

61

68

60

116

82

101

38

95

Primary breast cancer, no
previous breast surgery
or neo-adjuvant
chemotherapy or prior

locoregional radiotherapy

Women undergoing
modified radical
mastectomy with axillary
clearance for breast
cancer

Female sex, aged

> 25 years, absences of
anticoagulopathy,
and/or liver disease,
BMI < 35 kg/m?,
indication to axillary
lymph node dissection

Patients presenting with
newly diagnosed
carcinoma of the breast
who required primary
excision and axillary
lymphadenectomy

Females aged > 18 years
scheduled for elective
breast procedure

Women with newly
diagnosed invasive or
non-invasive breast
cancer who required
mastectomy and axillary
staging

NR

Newly diagnosed breast
cancer, female sex,
scheduled for elective
breast lumpectomy and
axillary dissection

TachoComb

Tisseel

Artiss

Tisseel spray

Hemaseel

Tisseel

2 ml of Tisseel

vs. 4 ml of Tisseel

Greenplast kit
(Green Cross
Corp., Seoul,
Korea) (spray)

Standard closure
(not described)

Control group had
no glue applied

All patients
received a
percutaneous
vacuum drain

Suction drain, and
no drain and no
fibrin

Placement of
one or two
Jackson—Pratt
drains in their
wound and/or
axilla

Standard closure
of the back skin
wound

Standard/control
group not defined

Control group
(non-fibrin glue)

Duration of axillary
drainage; length of post-
operative hospital stay;
drainage volume;
presence of local
infection; use of
antibiotics; use of local
wound treatments;
seroma formation at
discharge

Seroma formation;
wound infection; necrosis
of skin flaps

Volume of serous fluid;
time to remove drain
(days); length of post-
operative hospital stay
(hours); seroma; number
of patients with
lymphoedema

Frequency and volume of
seroma; post-operative
length of hospital stay;
post-operative pain and
wound infection; bleeding
complication

Incidence of seroma
formation and volume;
blood loss; length of
hospital stay; complications;
interval to seroma
resolution; number of
post-operative visits

Total seroma volume; total
back seroma volumes
aspirated after drain
removal over 3 months;
volume of donor-site
seromas; number of
seroma aspirations

after drain removal;
post-operative
complications

Wound secretion

Duration of drainage;
overall drain output;
incidence of seroma
formation; wound-related
complications

continued

© Queen'’s Printer and Controller of HMSO 2016. This work was produced by Edwards et al. under the terms of a commissioning contract issued by the Secretary of State for
Health. This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals
provided that suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be
addressed to: NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science

Park, Southampton SO16 7NS, UK.

103



APPENDIX 2

TABLE 28 Randomised controlled trial characteristics: breast (continued)

Di Monta 70
etal, 2012"
Miri Bonjar 60

etal., 2012'®

Moore et al., 80
2001™

Mortenson 30
etal.,, 2008

Mustonen 40
etal., 2004™

Segura-Castillo 45
etal., 2005'%

Vaxman etal., 20
1995'?

Zhibo and 30
Miaobo,

2009%

Swan et al., 74
2011'3

Candidates for surgical Tachosil
treatment of metastatic

melanoma stage Il by

axillary or ilioinguinal

radical lymph node

dissection

Female aged > 18 years ~ Hemaseel
scheduled for elective

breast procedure, had

platelet counts

> 100,000/ml, no

diabetes or advanced

liver disease, not

severely obese, not had

axillary lymph surgery

Patients who were
about to undergo fibrin
axillary node dissection

with either a

lumpectomy or a

modified radical

mastectomy procedure

Patients scheduled to Tisseel
undergo a superficial
inguinofemoral lymph

node dissection

Patients undergoing Tisseel
modified radical

mastectomy (including

axillary evacuation) for

breast cancer

Women diagnosed with  Quixil
breast cancer who

underwent modified

radical mastectomy

Patients with breast Tisseel
cancer requiring axillary

lymph node dissection

with lumpectomy or a

modified radical

mastectomy

Women undergoing
surgical breast
augmentation
procedures

Patients aged > 18 years  Tisseel
or who required elective
lymph node dissection

4, 8 or 16 ml of

Fibrin glue only

Standard
treatment alone

Conventional drain
placement
(Jackson—Pratt
drain)

Use of no
therapeutic agent

One or two closed
suction drains are
inserted

Non-fibrin sealant
group

Standard
mastectomy using
electrocauterisation
and sutures

Standard
mastectomy
technique
(cutaneous suture)

Fibrin glue and
lidocaine, or
lidocaine only

No fibrin sealant

Post-operative duration of
drainage; incidence of
drainage removal; daily
drainage volume

Estimated blood loss;
length of hospital stay;
post-operative day drain
removal; complications;
incidence of seroma;
interval to seroma
resolution; seroma
aspirate volume; number
of post-operative visits

Time of wound drainage;
volume of drainage after
treatment; adverse
events; serological
presence of hepatitis A, B
or C virus

Time to drain removal
(days); estimated blood
loss; operative time
(minutes); complications

Axillary drain volume and
time; breast drain volume
and time; length of
hospital stay; seroma
incidence; number of
aspirations

Time to drain removal;
volume of lymphatic fluid
days 1-6 post surgery;
seroma formation

Total drainage fluid
volume and duration of
axillary drainage fluid;
mastectomy drainage
fluid and duration;
hospital stays;
complications

Self-reported pain

Total volume of wound
drainage before drain
removal; duration of
drainage; seroma
formation; total number
of aspirations and
volume; wound cellulitis;
locoregional recurrence;
survival
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TABLE 28 Randomised controlled trial characteristics: breast (continued)

Ulusoy et al., 54
2003%

Cipolla et al., 160
2010™°

Dinsmore 27
et al., 2000

Gilly et al., 40
1994

Gilly et al., 108
1998'%®

Moore et al., 21
1997'%

Patients who underwent
modified radical
mastectomy because of
breast cancer

Diagnosis of N1 breast
carcinoma, and aged
> 18 years

Women diagnosed with
breast cancer who had
selected radical
mastectomy for
treatment

Patients undergoing
inguinal or axillary
lymphadenectomy

Patients scheduled for
axillary lymphadenectomy
for breast cancer, with no
previous irradiation or
chemotherapy

Women who elected
modified radical
mastectomy for
carcinoma, with level |
and Il axillary node
dissections for an
infiltrating ductal or
lobular breast carcinoma

Fibrin glue

Fibrin sealant

Fibrin glue

Tissucol

Tissucol

Autologous
fibrin sealant

Siliconised suction
drain

Placement of a
Jackson—Pratt
suction drain only

Standard closure
of wound

Same surgical
procedure without
the application of
fibrin glue

Same intervention
without application
of fibrin glue

No fibrin sealant

Drainage volumes; drain
removal times; seroma
formation frequency;
seroma formation volume

Post-operative day of
drainage removal; total
volume of drained serum;
total volume of evacuated
seroma; number of
seroma aspirations
needed

Drain output

Drainage volume; number
of drainage days; number
of hospitalisation days;
occurrence of parietal
suppuration; occurrence
of post-operative seroma;
post-operative comfort

of the patient; skin state

1 month after the
operation

Daily and cumulative
drainage volume over
the first 6 post-operative
days; time to hospital
discharge

Cumulative drainage;
number of days to the
first drainage reading of
<40 ml (length of time
the patient needed to
retain a wound drain)

BMI, body mass index; NR, not reported.
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TABLE 29 Randomised controlled trial characteristics: hernia surgery

Lau, 2005'?

Boldo, 2008'"

Bracale et al.,
20144

Cambal et al.,
2012

Campanelli
etal., 2012"¢

Canonico
etal., 1999

Eriksen et al.,
20112

Lionetti et al.,
2012"7°

Lovisetto et al.,
2007

Chan et al.,
2014

Tolver et al.,
2013

Wong et al.,
20118

Damiano
etal., 2014

Olmi et al.,
2007%*°

93

27

102

100

315

50

40

148

197

130

112

56

468

600

People aged > 18 years
with bilateral inguinal
hernia

Patients with bilateral
hernia

Adult aged > 18 years
primary uncomplicated
inguinal hernia

Patients with unilateral
inguinal hernia

Men aged 18-60 years

Patients with
coagulation disorders

Patients with umbilical
hernia defects aged
18-85 years

Aged > 18 years, male
and with groin hernia

Aged > 18 years with a
diagnosis of inguinal or
femoral hernia

Male patients aged
18-70 years

Mean aged 18-80 years
with unilateral inguinal
or femoral hernia

Primary inguinal hernia,
aged > 20 years

Patients with primary
unilateral inguinal hernia

Patients undergoing
laparoscopic hernia
repair

Tisseel

Autologous
fibrin sealant,
Vivostat

Quixil

Fibrin glue

Tissucol/Tisseel
drops and spray

Tissucol

Tisseel

Quixil

Tissucol/Tisseel

Tisseel spray

Tisseel spray

Glue (Tissucol,
Tisseel)

Tisscol fibrin
glue

Tissucol/Tisseel

Endoscopic stapler

Staples

Conventional
Lichtenstein
technique

Self-gripping mesh

Lichtenstein
technique

Lichtenstein
technique

Tack fixation

Lichtenstein
technique

Endopath
multifeed stapler

Staples

Protacks fixation
devices

Sutures

Sutures

Endopath
multifeed stapler

Post-operative pain;
analgesic requirement;
incidence of seroma;
operative time; length of
hospital stay; number of
days required to resume
normal activities;
recurrence rate; pain

Post-operative seroma;
post-operative
haematoma; hernia
recurrence

Operative time; inguinal
pain recurrence;
numbness

Operative time; local
complications; recurrence;
ease of product use

Prevalence of moderate
to severe pain or
numbness and groin
discomfort

Haemorrhagic
complications

Acute post-operative pain

Post-operative pain score;
recurrences; proportion of
patients with chronic pain

Post-operative neuralgia

Incidence of chronic pain

Pain, discomfort, fatigue,
nausea or vomiting;
seroma formation;
haematoma formation;
hernia recurrence

Post-operative pain;
seroma or haematoma
formation; infection;
mortality

Operating time; intra-
and post-operative
complications

Operating time; time to
return to work; rates of
conversion; morbidity;
mortality; recurrence
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TABLE 30 Randomised controlled trial characteristics: lymph node surgery

Carlson et al.,
2008%

Furrer et al.,
1993

Siim et al.,
1994

Neuss et al.,
2009''®

Simonato
etal, 2009'"?

Tachibana
et al.,, 2003'%

Scholz et al.,
2002™

137

30

30

58

60

43

93

Female patients with a
vulvar malignancy
undergoing a radical
vulvectomy or
hemivulvectomy

Patients undergoing
inguinal or axillary
radical lymph node
dissection.
Lymphadenectomy-
relapsed interventions,
however, were excluded

Patients with malignant
melanoma lymph node
metastases

Patients with malignant
melanoma with stage Il
or IV disease with lymph
node metastases of the
groin

The only exclusion
criterion was any
evidence of coagulation
disorders and such cases
were, in fact, excluded
from study

Patients with primary
carcinoma of the
thoracic oesophagus
undergoing one-stage
transthoracic
oesophagectomy

Patients with
gynaecological
malignancies
undergoing surgery
including pelvic or pelvic
and para-aortic
lymphadenectomy

Tisseel, spray

Tissucol spray

Fibrin adhesive
glue

Tissomat spray

TachosSil patch

Bohleal
(Kaketsuken

Pharmaceuticals,

Kumamoto,
Japan), spray

Tissucol spray

No fibrin sealant

Radical lymph
node dissection

Standard
lymphadenectomy

Low-molecular-
weight heparin

Standard
technique only

Same surgical
procedure without
the application of
the fibrin sealant

Sutures

Incidence of grade 2 and
3; incidence of wound
complications; infections;
number of days of
drainage; discontinuation;
incidence of wound
separation

Drainage volume and
time; lymphocele volume;
hospitalisation; wound
healing (clinical follow-up)

Daily amount of wound
secretion; total amount of
wound secretion; number
of days with drains;
duration of hospital stay;
post-operative,
complications (i.e.
hematomas, seromas,
infections and flap
necrosis)

Amount and quality of
the drained fluids were
recorded every 24 hours;
duration of drain
placement

Development of
symptomatic or
asymptomatic
lymphoceles; drainage
volume and duration; all
complications; need for
further surgical
intervention

Reduction in the interval
until the thoracic drain
can be removed;
incidence of post-
operative complications
and viral infectious
diseases

Incidence of lymphocysts;
incidence of lymphoedema;
incidence of deep-vein
thrombosis; time to
diagnosis of lymphocysts;
time to regression of
lymphocysts; time to
diagnosis of lymphoedema;
time to thrombosis
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APPENDIX 2

TABLE 31 Randomised controlled trial characteristics: mixed surgery

Nose

Prado et al.,
2006'

Pryor et al.,
2008

Vaiman et al.,
2002

Vaiman et al.,
2005"

Yu et al.,
2014

Tonsils

Vaiman et al.,
2005""

Vaiman et al.,
2006

Skin

Drake and
Wong, 2003°”

Vanscheidt
etal., 2007*®

Danielson
et al., 2008%®

Erba et al.,
2010%°

Healy et al.,
2013

Colorectal

Ellis and Clark,
20062

Altomare
etal., 2011

22

204

64

82

513

102

46

215

40

50

58

101

Patients undergoing
primary open rhinoplasty

Patients undergoing
rhinoplasty involving
lateral osteotomy

Patients undergoing
septoplasty

Patients with excessive
intraoperative or
immediate bleeding

Patients aged > 18 years
undergoing bilateral
functional endoscopic
sinus surgery

Patients undergoing
endonasal surgeries

Patients undergoing
tonsillectomy

Patients requiring
harvest of a split
thickness skin graft

Patients aged 18-90
years with a history of
leg ulceration of at least
3 months

Patients aged > 18 years
and scheduled for
surgical debridement of
ulcer

Patients with paraplegia
and decubitus ulcers
stage IV (Daniel’s
classification)

Patients aged > 18 years
undergoing split skin
grafting from a lateral
thigh donor site

Patients with trans-
sphincteric anal fistulas

Patients with trans-
sphincteric anal fistulas

Fibrin sealant
glue (Beriplast)

EVICEL

Fibrin aerosol
glue (Quixil)

Aerosol spray

(Quixil/Crosseal)

Fibrin sealant
aerosol spray

Fibrin glue (Quixil)

Spray (Quixil)

Spray pen

Bioseed

Autologous
platelet-rich fibrin

Fibrin glue

Fibrin sealant
(spray)

Tisseel

Tissucol

No fibrin sealant
glue

Gentle manual
compression

Merocel foam
packing (Medtronic
Inc., Minneapolis,
MN, USA)

Nasal packing

Polyvinyl acetyl
sponge packing

Merocel nasal
packing

Electrocautery

Thrombin solution
and manual
pressure

Compression
bandage

Epithelial
resurfacing; pain
scores

No fibrin glue

Self adhesive fabric
dressing (Mefix)

Sutures

No fibrin sealant

Post-operative pain;
oedema; ecchymosis;
skin adherence; average
operating time; patient
satisfaction

Swelling, bruising and
pain

Number of post-
operative bleeds

Bleeding

Severity of symptoms

Unclear

Pain; dysphagia

Time to haemostasis;
differences of rates;
safety of Vivostat sealant

Time to complete
healing; number of
patients achieving
healing

Venous insufficiency

Drainage volume; time
of drain removal

Pain; incapacity

Fistula recurrence

Healing rate; hospital
stay; healing time; faecal
incontinence
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TABLE 31 Randomised controlled trial characteristics: mixed surgery (continued)

Lindsey etal.,, 42
20022%

Hammond 29
etal., 2011%"°

van der Hagen 30
etal., 2011%%°

Prostate

Luke et al., 30
1986°%

Schultz and 16
Christiansen,
1985

Facelift

Marchac and 29
Greensmith,
2005%%

Lee et al., 9
2009%

Oliver et al., 40
2001%%

Thyroid

Uweria et al., 56
2005%%

Carter et al., 49
2003%*°

Maharaj et al., 60
2006%°

Hester et al., 75
2013%!

Patients aged > 18 years
with cryptoglandular or
Crohn’s anal fistulas

Patients with anal
fistulas

Patients with perianal
fistulas

Patients undergoing
transurethral
prostatectomy

Patients with obstruction
caused by a ureteral
stone

Patients undergoing
rhytidectomy

Patients undergoing
rhytidectomy

Rhytidectomy
procedures

Patients with anterior
neck dissection in
conjunction with thyroid

surgery

Patients undergoing
dental extractions who
were therapeutically
anticoagulated for
comorbidities

Patients aged > 18 years
planned to receive
superficial or total
parotidectomy

Healthy patients aged
18-75 years undergoing
full rhytidectomy

Beriplast

Tisseel glue

Fibrin glue

Beriplast fibrin
glue

Tisseel adhesive

Tisseel aerosol
spray

Crosseal

Beriplast fibrin
spray

Tisseel

Autologous fibrin

glue

Tisseel fibrin glue

Artiss sealant

Current standard
fistula practice

Permacol, collagen
sheet

No fibrin

No fibrin glue

Interrupted sutures

No fibrin glue

No Crosseal
treatment

No fibrin glue

No Tisseel
treatment

Tranexamic acid

solution

Sutures

No fibrin glue

Pain score; time to
return to work;
satisfaction

Wound healing time;
return to work; patient
satisfaction; continence
disturbance; recurrence;
proportion of symptoms

Treatment failure;
recurrent fistulas; soiling
after treatment; quality
of life; incontinence
score

Blood loss; urine
volume; concentration
of haemoglobin

Median drainage of
urine postoperatively

Post-operative drainage;
haematoma; degree of
ecchymosis; degree of
oedema

Seroma formation;
ecchymosis score

Median drainage; post-
operative haematoma

Drainage from surgical
site; wound drainage;
drain removal

Pain; discomfort
haematoma; oedema

Wound drainage;
duration of
percutaneous drainage;
length of hospital stay;
frequency of
complications

Total drainage volume;
incidence of adverse
events

continued
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TABLE 31 Randomised controlled trial characteristics: mixed surgery (continued)

Mixed

Bochicchio 721
etal, 2015%°

Fischer et al., 90
20134

Verhoef etal., 126
2015%°

Hanks et al., 73
2003%%

Oliver et al., 50
2002°"

Gynaecology (uterus)
Diamond 34

etal, 2011%

Maggiore 70
etal., 2011%3

Takeuchi etal., 83
200554

Safan et al., 40
2009°*
Neurosurgery
Nakamura 39

et al., 2005

Hutter et al., 229
2014%%

Green et al., 139
2015"

Patients undergoing
spinal vascular, hepatic
and soft tissue
procedures

Patients aged

> 18 years requiring
non-emergency surgical
procedures

Patients with mild or
moderate bleeding
during a surgical
procedure

Patients aged
18-75 years undergoing
elective surgery

Patients undergoing
mixed surgical
procedures

Patients with bilaterally
documented ovarian
disease scheduled for
laparoscopy

Patients with intraurine
uterine fibroma

Women with
symptomatic uterine
myomas

Patients with
vesicovaginal fistulas

Patients with spinal cord
tumours

Patients scheduled for
elective cranial surgery,
aged > 18 years

Patients undergoing
elective craniotomy in
the supraentorial region
or the processes in the
posterior fossa, aged

> 18 years

Fibrocaps
(Raplixa, The
Medicines
Company,
Leiden, the
Netherlands)

Fibrin pad

Fibrocaps

Spray pen

Beriplast

Adhexil (Johnson
& Johnson,
Somerville, NJ,
USA) sprayed or
dipped

Tachosil fibrin-
coated sponge

Beriplast spray

Autologous fibrin
preparation

Beripast-P
autologous fibrin
sealant

Collagen sponge
coated with a dry
layer of fibrinogen
and thrombin

EVICEL

No fibrin glue

Surgical original
absorbable
hemostat

Gelatin sponge

Dry surgical
sponge

No fibrin sealant

No fibrin sealant

No haemostatic
agent used

No application of
fibrin sealant

No fibrin
preparation

No fibrin sealant

Standard care

Closure with
sutures

Gelatin sponge

Haemostasis

Haemostasis

Time to haemostasis;
success of treatment

Average drainage

Incidence of adhesions;
serious adverse events

Surgery duration;
intraoperative blood
loss; post-operative
drainage; length of
hospital stay

Occurrence of post-
operative adhesions

Fistula size and location;
fibrosis; dryness

Volume of drainage;
coagulation; mean post-
operative cerebrospinal
fluid leakage

Incidence of
cerebrospinal fluid
leakage; incidence of
meningitis

Watertight closure of
the dura
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TABLE 32 Randomised controlled trial characteristics: cardiothoracic surgery

Heart

Kjaergard and 24
Trumbull,
1998'%#

Kjaergard and 30
Trumbull,
2000™

Maisano et al.,, 119
2009

Shiono et al., 32
1998%'

Tavilla et al., 1445
2015%°

Lung

Fabian et al., 100
2003'%®

Droghetti 40
et al., 2008

Aged 18-80 years with
coronary artery disease
demonstrated by

arteriogram and suitable

candidate for coronary
artery bypass grafting

Aged > 18 years
admitted for elective
cardiac operation
requiring median
sternotomy

Aged > 18 years with
planned elective heart

surgery, ascending aorta

or arch requiring a
cardiopulmonary bypass
procedure

Adult patients
undergoing elective
cardiac surgery

Patients undergoing
elective isolated
coronary artery bypass

graft (either on pump or

off pump)

Patients undergoing
planned open anatomic
pulmonary resection or
wedge resection

Early stage non-small-
cell lung cancer patients
scheduled for elective
pulmonary lobectomy

Vivostat

Vivostat

TachosSil

Fibrin glue

CryoSeal

HemaMyst
system
(Haemacure
Corp., Sarasota,
FL, USA)

TachosSil

Traditional
methods of
haemostasis alone
(sutures, clips and
electrocautery)

No application of
fibrin sealant

Standard
haemostatic fleece
material

Cryoprecipitate
from patients’ own
fresh-frozen
plasma

No CryoSeal
treatment

Stapling
techniques

Routine surgical
procedure with
staplers

Survival (death); atrial
fibrillation; anaemia; pleural
effusion; pneumothoraxes;
post-operative transfusions;
chest tube drainage;
reoperations

Time to haemostasis

Haemostasis; duration

of surgery; need for
intraoperative transfusions;
duration of drainage;
post-operative drainage
volume; incidence of
reoperation; post-operative
transfusion and other
post-operative
complications

Post-operative haemoglobin
concentration; platelet
levels; cardiac index; rate of
homologous transfusion;
homologous transfusion
volume

Number of transfused
blood products; duration
of stay in intensive care
unit; amount of blood loss
within 48 hours post
surgery; reoperations;
30-day mortality; duration
of hospital stay

Mean duration of AAL;
mean time to chest tube
removal; incidence of
prolonged AAL; mean
first 24-hour drainage;
percentage of patients
discharged with valve;
mean post-operative
length of stay

Intraoperative alveolar air
leaks; percentage of
patients free of air leaks
throughout hospitalisation;
last post-operative day
when an air leak was
observed; costs of
procedure and
hospitalisation

continued
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TABLE 32 Randomised controlled trial characteristics: cardiothoracic surgery (continued)

Lang et al.,
2004

Anegg et al.,
2007'*

Belboul et al.,
2004

Belcher et al.,
2010™

Lopez et al.,
2013™

Filosso et al.,
2013

Gonfiotti et al.,
2011™°

Moser et al.,
2008'*

Mouritzen
etal., 1993

186

152

40

113

346

24

185

25

114

Lung cancer patients
undergoing elective
standard lobectomy with
or without mediastinal
lymphadenectomy

Patients undergoing
lobectomy or
segmentectomy for
non-small-cell lung
cancer

Adult patients with lung
tumour limited to one
lobe, undergoing
elective lobectomy

Patients undergoing
elective open thoracic
procedures likely to
result in a post-operative
air leak

Aged > 18 years;
patients undergoing
pulmonary resection
(anatomical segmental
resection for lung
cancer)

Aged > 18 years who
had previously
undergone pulmonary
resection for a thoracic
malignancy

Aged 18-75 years; lung
resection; primitive/
secondary neoplastic
pulmonary pathology

Patients with severe
airflow obstruction

Patients undergoing
pulmonary resections

TachoComb

TachoSil

Vivostat system

Vivostat

TachoSil

TachoSil

Fibrin sealant
used is obtained
from human
plasma

Vivostat

Spray
(Beriplast P)

Single or
continuous
running sutures

Standard
treatment

Patients assigned
to the control

group underwent

no additional

interventions (after

randomisation)

Reducing AAL
after pulmonary
resection

Manual suturing

Stapling/suturing

The standard
treatment

No additional
treatment

Suture alone

Incidence of air leakage
48 hours after lobectomy;
post-operative mortality
and morbidity pattern was
recorded in all patients

Post-operative mean

air leakage (volume in
ml/min); efficacy outcome;
incidence of post-operative
air leakage; rate of
complications

Time to chest tube removal;
volume at removal of

chest tube; duration of
thoracic epidural analgesia
treatment; post-operative
length of hospital stay;
post-operative haemorrhage;
post-operative leucocyte
counts; adverse events

Duration of air leak; time
to drain removal; length
of hospital stay; post-
operative complications

Intraoperative air leakage;
duration of post-operative
air leakage: time to
removal of last chest drain;
duration of surgery;
volume of drained pleural
effusion; hospital length;
adverse events; post-
operative complications

Duration of air leaks;

time to first and second
chest tube removal;
possible post-operative
complications; duration of
hospital stay

Mean duration of AAL
from the wound closure;
mean duration of
drainage; percentage of
patients without AALs for
the entire hospitalisation
time; duration of post-
operative hospitalisation

Incidence and intensity of
air leaks

Airway tolerance pressure;
rate of post-operative air
leakages; duration of
post-operative air leakages;
length of hospital stay
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TABLE 32 Randomised controlled trial characteristics: cardiothoracic surgery (continued)

Study Sample Population

(author, year) size (n) (inclusion criteria) Intervention Comparator Outcomes

Rena et al., 60 Patients requiring a Fibrin patch Suture Intraoperative air leak

2009 lobotomy

Czerny et al., 40 Patients with clinical TachoComb Conventional Cumulative chest drain

2004 stage | surgical volume; duration of test
haemostasis tubes

Marta et al., 299 Patients aged > 18 years  TachoSil Resuturing, Number of patches used;

2010'* with lung cancer stapling or no success of lung inflation;
treatment need for rescue treatment;

air leakage; atrial
fibrillation; deaths

AAL, alveolar air leak.

TABLE 33 Randomised controlled trial characteristics: eye surgery

Study Sample Population
(author, year) size (n) (inclusion criteria) Intervention Comparator Outcomes
Kucukerdonmez 70 Patients with primary Tisseel (two- 8-0 Vicryl sutures  Procedure outcome
etal, 2010™ nasal pterygium who component (8-10 sutures) (photographic images,
underwent pterygium fibrin glue) graded); post-operative
excision symptoms; operative
time; recurrence
Yuksel et al., 61 Patients with primary Beriplast Silk (Surgisilk, Complications;
2010'® nasal pterygium P/Combi-set Sutures Ltd, haemorrhage under graft;
Aventis 1 ml Wrexham, UK) conjunctival cyst;

granuloma; recurrence;
surgery time; mean
surgery cost; objective
signs; hyperaemia

Bahar et al., 65 Patients undergoing Quixil Interrupted 8-0 Best corrected visual
2006'° primary pterygium Vicryl sutures acuity; intraocular pressure;
removal pain; photophobia; foreign

body sensation; irritation;
epiphora; local
hyperaemia; conjunctival
chemosis; dry-eye
sensation; operative time;

recurrence

Hall et al., 50 Patients with primary Tisseel (glue) Standard sutured Surgical time; patient

2009'%° nasal pterygia booked interrupted (Vicryl)  discomfort; recurrence;
for surgery with complications; post-
conjunctival autograft operative pain

Karalezli et al., 50 Patients with primary Tisseel (glue) Vicryl 8-10 sutures  Operation time;

2008'" nasal pterygium recurrence; intensity of

post-operative complaints
(pain, irritation, foreign
body, epiphora)

Koranyi et al., 43 Patients with nasal Tisseel Absorbable sutures  Post-operative pain;
2005' primary pterygium and if  (glue/spray) surgical times; recurrences
informed consent was
obtained
continued
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TABLE 33 Randomised controlled trial characteristics: eye surgery (continued)

Sati et al.,
201483

Sharma et al.,
2003

Ratnalingam
etal., 2010'®

Rubin et al.,
2011

Srinivasan
etal., 2009

Uy etal.,
2005'%®

Bahar et al.,
2007'%°

Mellin and
Kondler,
1989'7°

Malik and
Kumar, 2010""

60

40

113

47

40

22

81

100

50

Eyes with ocular pterygia
of grade 1, 2 and 3, and
at least 2-mm extension
from the limbus

Patients (eyes) treated
for corneal perforation

Patients with pterygium

Aged 18-70 years,
patients diagnosed with
primary medial located

pterygium

Patients with primary
pterygium

Patients with primary
pterygia undergoing
primary pterygium
excision at the Philippine
General Hospital, Manila

Patients undergoing
primary pterygium
removal

Aged > 70 years,
without other eye
diseases such as
cataract, or maculopathy

Patients with recurrent
pterygium

Spray (Tisseel)

Glue

Adhesive

Quixil

Tisseel, dripped
on the graft

Fibrin glue

Quixil

Fibrin glue

Tisseel Duo
Quick

Vicryl suture
group: |, 8/0 Vicryl

Cyanoacrylate
tissue adhesive

Vicryl 8/0

Mononylon 10-0
(Ethicon) suture

Polygactin sutures

Nylon sutures

For excessive
bleeding, one drop
of adrenaline 10%
solution or small
amounts of
sodium
hyaluronate

10 mg/ml

2 8/0 silk sutures
from the limbus,
nasally

Three interrupted
8-0 Vicryl sutures

Rate of recurrence;
surgical time; post-
operative discomfort

Anterior chamber depth;
inflammatory reaction;
glue adherence

Duration of surgery;
recurrence rate; pain
scores; complications
(displaced graft,
conjunctival cysts)

Efficacy of the fibrin
tissue adhesive; mean
surgery time; ocular
discomfort measured with
the visual analogue scale;
ocular hyperaemia was
also measured

Grading of Adobe
Photoshop-edited eye
pictures (version 7.0,
Adobe Systems Inc.,

San Jose, CA, USA) on
the degree of graft
inflammation,
subconjunctival
haemorrhage and stability

Graft success; recurrence;
subjective sensations of
pain; foreign body
sensation; tearing;
discomfort

Mean operative time
(minutes); intraocular
pressure; post-operative
signs and symptoms
(mean score); overall
patient satisfaction (mean
score), complications
(incidence); recurrence
(number of eyes)

Foreign body sensation;
wound closure

Pterygium recurrence;
surgical time; post-
operative discomfort
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Appendix 3 Tables of excluded randomised

controlled trials

TABLE 34 Excluded randomised controlled trials

Agresta F, Tordin C. Laparoscopic transabdominal inguinal hernia repair: a randomized
study of fibrin sealant versus absorbable tack to fix the mesh. Surg Endosc 2015;29:535

Ak G, Alpkilic Baskirt E, Kurklt E, Koray M, Tanyeri H, Zulfikar B. The evaluation of fibrin
sealants and tissue adhesives in oral surgery among patients with bleeding disorders. Turk J
Haematol 2012;29:40-7

Albala DM, Wood C, Fischer C, Hart J, Batiller J, Shen J. A randomized trial of aprotinin
free fibrin sealant versus absorbable hemostat. J Endourol 2011;25:A95

Albillos A, Calleja JL. Randomised trial of fibrin glue versus polidocanol for bleeding peptic
ulcer. Lancet 1997;350:1397-8

Al-Fayez M. Fibrin Glue vs. Suture Fixation of Limbal Conjunctival Autograft for Pterygium.
American Academy of Ophthalmology; 2008. URL: http://onlinelibrary.wiley.com/o/
cochrane/clcentral/articles/968/CN-00745968/frame.html (accessed 19 May 2015)

Alié JL, Mulet E, Sakla HF, Gobbi F. Efficacy of synthetic and biological bioadhesives in
scleral tunnel phacoemulsification in eyes with high myopia. J Cataract Refract Surg
1998;24:983-8

Anghelacopoulos SE, Tagarakis Gl, Pilpilidis I, Kartsounis C, Chryssafis G. Albumin-
glutaraldehyde bioadhesive ('Bioglue’) for prevention of postoperative complications after
stapled hemorrhoidopexy: a randomized controlled trial. Wien Klin Wochenschr
2006;118:469-72

Anon. TISSEEL Fibrin Sealant. 2013. URL: http://onlinelibrary.wiley.com/o/cochrane/clcentral/
articles/847/CN-00862847/frame.html (accessed July 2013)

Arslani N, Patrlj L, Kopljar M, Rajkovic Z, Altarac S, Papes D, et al. Advantages of new
materials in fascia transversalis reinforcement for inguinal hernia repair. Hernia
2010;14:617-21

Ayala M. Results of pterygium surgery using a biologic adhesive. Cornea 2008;27:663-7

Babicki A, Dobosz M. Second-look endoscopy with repeated injection of thrombin with
adrenaline vs fibrin glue in bleeding peptic ulcer. Br J Surg 1988;85(Suppl. 2):113

Babicki A, Dobosz M, Marczewski R, Wajda Z. [Evaluation of using fibrin tissue adhesive
(Beriplast) and preparations of thrombin and adrenalin in injection hemostasis methods for
gastric and duodenal ulcer hemorrhage. Randomized, prospective clinical trial.] Wiad Lek
1997:50(Suppl. 1):383-7

Bailey SH, Oni G, Guevara R, Wong C, Saint-Cyr M. Latissimus dorsi donor-site morbidity:
the combination of quilting and fibrin sealant reduce length of drain placement and
seroma rate. Ann Plast Surg 2012;68:555-8

Ben-Rafael Z, Ashkenazi J, Shelef M, Farhi J, Voliovitch |, Feldberg D, et al. The use of fibrin
sealant in in vitro fertilization and embryo transfer. Int J Fertil Menopausal Stud 1995;40:303-6

Benyamini OG, Barkana Y, Hartstein M, Attas L, Avni |, Zadok D. Biological glue in
pterygium surgery with a rotational flap or sliding flaps. Cornea 2008;27:911-15

Beppu T, Iwatsuki M, Okabe H, Okabe K, Masuda T, Hayashi H, et al. A new approach
to percutaneous transhepatic portal embolization using ethanolamine oleate iopamidol.
J Gastroenterol 2010;45:211-17

Berg P, Born P, Barina W, Simon W, Zellmer R, Paul F. [Fibrin glue versus Polidocanol by
upper gastrointestinal bleeding.] Gastroenterol 1990;28:467

Abstract/full text unavailable

Did not meet population/
intervention criteria

Abstract/full text unavailable

Not a RCT

Abstract/full text unavailable

Outcomes not of interest
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intervention criteria

Not a RCT

Not a RCT

Not a RCT

Abstract/full text unavailable

Did not meet population/
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Not a RCT
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Abstract/full text unavailable
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TABLE 34 Excluded randomised controlled trials (continued)

Berg PL, Barina W, Born P. Endoscopic injection of fibrin glue versus polidocanol in peptic
ulcer hemorrhage: a pilot study. Endoscopy 1994,26:528-30

Bernardo L, Bernardo WM, Shu EB, Roz LM, Almeida CC, Monaco BA, et al. Does the use
of DuraSeal in head and spinal surgeries reduce the risk of cerebrospinal fluid leaks and
complications when compared to conventional methods of dura mater closure? Rev Assoc
Med Bras 2012;58:402-3

Bernasek TL, Burris RB, Fujii H, Levering MF, Polikandriotis JA, Patterson JJ. Effect on blood
loss and cost-effectiveness of pain cocktails, platelet-rich plasma, or fibrin sealant after total
knee arthroplasty. J Arthroplasty 2012;27:1448-51

Biedner B, Rosenthal G. Conjunctival closure in strabismus surgery: Vicryl versus fibrin glue.
Ophthalmic Surg Lasers 1996,27:967

Blinder D, Manor Y, Martinowitz U, Taicher S, Hashomer T. Dental extractions in patients
maintained on continued oral anticoagulant: comparison of local hemostatic modalities.
Oral Surg Oral Med Oral Pathol Oral Radiol Endod 1999;88:137-40

Bochicchio G, Singla N, Gupta NY, Porter R, Renkens KL, Pattyn P, et al. An international,
multicenter, randomized, single-blind, controlled trial of a dry-powder, fibrin sealant for mild
to moderate perioperative surgical bleeding. J Am Coll Surg 2014,;219(Suppl. 1):e13-14

Boereboom C, Watson NFS, Liptrot SA, Lund JN, Tierney GM. A randomised trial of fibrin
glue versus surgery for pilonidal disease: results and long term follow up. Colorectal Dis
2010;12:20

Buciarelli P, Ginelli G, Misani M, Moia M. Fibrin glue plus tranexamic acid mouthwashing in
patients on oral anticoagulants undergoing dental extractions: a randomised study.
Thrombosis Haemostasis 1997;(Suppl.):37

Calabro B, Ponsetto M, Greco R, Peradotto F, Personnettaz E, Obialero M. [Treatment of
leg ulcers with fibrin glue.] Minerva Chir 1995;50:569-74

Caldas Neto S, Oliveira RL, Caldas N. Use of in fibrin glue in the prevention of
postoperative bleeding and hematomas after septoplasty. Revista Brasileira de
Otorrinolaringologia 2002;68:635-8

Calvet X, Vergara M, Brullet E, Gisbert JP, Campo R. Addition of a second endoscopic
treatment following epinephrine injection improves outcome in high-risk bleeding ulcers.
Gastroenterology 2004;126:441-50

Campanelli G, Champault G, Pascual MH, Hoeferlin A, Kingsnorth A, Rosenberg J, et al.
Randomized, controlled, blinded trial of Tissucol/Tisseel for mesh fixation in patients
undergoing Lichtenstein technique for primary inguinal hernia repair: rationale and study
design of the TIMELI trial. Hernia 2008;12:159-65

Canonico S. The use of human fibrin glue in the surgical operations. Acta Bio-Medica
2003;74(Suppl. 2):21-5

Cardillo G, Lococo A, De Massimi AR, D'Agostino A, Carleo F, Larocca V, et al. Adverse
effects of fibrin sealants in thoracic surgery. The safety of a new fibrin sealant: multicentre,
controlled, prospective, parallel group randomised clinical trial. Interact Cardiovasc Thorac
Surg 2011;13:556

Carter Tl, Fong ZV, Hyslop T, Lavu H, Tan WP, Hardacre J, et al. A dual-institution
randomized controlled trial of remnant closure after distal pancreatectomy: Does the
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2012;142(Suppl. 1):1042-3

Cedin AC, Atallah AN, Andriolo RB, Cruz OL, Pignatari SN. Surgery for congenital choanal
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TABLE 34 Excluded randomised controlled trials (continued)
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TABLE 34 Excluded randomised controlled trials (continued)
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Appendix 4 Tables of recent and ongoing studies

TABLE 35 ClinicalTrials.gov trials

HEALTH TECHNOLOGY ASSESSMENT 2016 VOL. 20 NO. 94

NCT01828892 Glue application in the treatment of Recruiting March 2014 http://ClinicalTrials.gov/
low-output fistulas show/NCT01828892
NCT02094885  The Bioseal vascular study Completed February 2014 http://ClinicalTrials.gov/
show/NCT02094885
NCT01613664  Efficiency of TISSEEL for sleeve Recruiting February 2014 http://ClinicalTrials.gov/
gastrectomy complications show/NCT01613664
NCT02040428  The Fibrin pad CV phase Il study Recruiting January 2014 http://ClinicalTrials.gov/
show/NCT02040428
NCT02034799 Phase IV Bioseal study in brain Completed November 2013 http://ClinicalTrials.gov/
tumour surgery show/NCT02034799
NCT01993888  The EVARREST fibrin sealant patch Completed October 2013 http://ClinicalTrials.gov/
liver study show/NCT01993888
NCT02011698  Absorbable sutures, non absorbable Recruiting October 2013 http://ClinicalTrials.gov/
sutures or biologic fibrin glue for show/NCT02011698
protesic mesh fixing in Lichtenstein
technique for primitive groin hernia
repair: a randomised prospective
multicentric trial
NCT01902459  EVARREST fibrin sealant patch Recruiting July 2013 http://ClinicalTrials.gov/
post-market study show/NCT01902459
NCT02153593  Postoperative bleeding prevention in Recruiting March 2013 http://ClinicalTrials.gov/
massive bone tumour resection: a show/NCT02153593
multicentric, randomised, parallel,
controlled trial
NCT02150720 Prevention of postoperative bleeding Recruiting February 2013 http://ClinicalTrials.gov/
in subcapital femoral fractures: a show/NCT02150720
multicenter, randomised, controlled,
parallel clinical trial
NCT01641718  Use of human fibrin glue versus Active, not January 2013 http:/ClinicalTrials.gov/
staples for mesh fixation in recruiting show/NCT01641718
laparoscopic transabdominal
preperitoneal hernioplasty
Note

All URLs accessed on 19 May 2015.
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TABLE 36 Clinicaltrialsregister.eu trials

2014-003954-15

2013-004353-24

2013-002579-16

2013-002535-24

A single blinded, randomised,
controlled study to evaluate the
safety and effectiveness of
EVICEL® fibrin sealant (Human)
compared to a hydrogel sealant
as an adjunct to sutured dural
repair

Wound management in post-
bariatric surgery investigation
for the reduction of the mean
drainage volume in patients
after abdominoplasty/lower
body lift using Artiss fibrin
sealant in comparison to the
standard procedure

PHASE Il clinical trial, single-
centre, randomised, double
blind in two groups parallel to
compare the efficacy and safety
of rich plasma growth factors
(PRGF) in front of fibrin glue
(Tissucol®) for sealing anal and
criptoglandular fistula after

48 weeks

A phase iii randomised,
controlled, superiority study
evaluating EVARREST™ fibrin
sealant patch versus standard of
care treatment in controlling
parenchymal bleeding during
hepatic surgery

Ongoing

Ongoing

Ongoing

Ongoing

May 2015

May 2014

December 2014

September 2013

www.clinicaltrialsregister.eu/
ctr-search/trial/2014-
003954-15/GB/

www.clinicaltrialsregister.eu/
ctr-search/trial/2013-
004353-24/DE/

www.clinicaltrialsregister.eu/
ctr-search/trial/2013-
002579-16/ES/

www.clinicaltrialsregister.eu/
ctr-search/trial/2013-
002535-24/GB/

Note

All URLs accessed on 19 May 2015.
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Study (author, year)
Carter et al., 2013%
Chalmers et al., 2010
Chan et al., 2014"®
Chapman et al., 2000
Choufani et al., 2015™'
Cipolla et al., 2010"°
Cormio et al., 2012%%
Czerny et al., 2000°
Czerny et al., 2004"
Damiano et al., 2014
Danielsen et al., 2008
Danielsen et al., 20107
Diamond et al., 2011%2
Dimo et al., 1989%°
Dinsmore et al., 2000%
Drake and Wong, 2003?”
Droghetti et al., 2008'*

Ellis and Clark, 2006%'®

Erba et al., 2010%"°

Fabian et al., 2003'%®

Falez et al., 2013"™*
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Figueras et al., 2007"'

Eriksen et al., 2013'®
Fekété et al., 1992°
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Overall bias

‘Other bias’

Selective
reporting

Incomplete
outcome data
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Patient
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Owing to the nature of the intervention, surgeons could not be blinded to the intervention as they had to apply the fibrin sealant.

v, low risk of bias; ?, unclear risk of bias; X, high risk of bias.

Study (author, year)
Uwiera et al., 2005%%°

Uy et al., 2005'¢®

Vaiman et al., 2002
Vaiman et al., 2005'®
Vaiman et al., 2005
Vaiman et al., 2006'%

van der Hagen et al., 2011?%°
Vanscheidt et al., 2007%%
Wang et al., 2001'
Wang et al., 2003'*?
Wong et al., 2011

Yu et al., 2014™®°

Yiksel et al., 2010
Zhibo and Miaobo, 2009%

Vaxman et al., 1995
Verhoef et al. 2015%%°
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Appendix 6 Funnel plots for meta-analyses

Primary outcomes

Bias assessment plot
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FIGURE 42 Funnel plot for the seroma. Egger bias =-0.47 (95% Cl -1.50 to 0.56; p = 0.36).
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FIGURE 43 Funnel plot for haematoma. Egger bias =-0.63 (95% Cl -1.20 to -0.06; p =0.03).
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FIGURE 44 Funnel plot for combined seroma and haematoma. Egger bias=-0.67 (935% Cl —1.38 to 0.03; p =0.06).

Secondary outcomes
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FIGURE 45 Funnel plot for haemorrhage (bleeding). Egger bias =0.65 (95% Cl —0.53 to 1.82; p =0.26).
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Bias assessment plot
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FIGURE 46 Funnel plot for reoperation. Egger bias =-0.47 (95% Cl -1.47 to 0.53; p =0.33).
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FIGURE 47 Funnel plot for infections. Egger bias =0.22 (95% Cl -0.74 to 1.18; p = 0.64).
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Bias assessment plot
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FIGURE 48 Funnel plot for duration of drainage in breast surgery. Egger bias =-3.40 (95% Cl —-6.75 to -0.05;
p=0.05).

No funnel plot for the duration of operation and length of hospital stay meta-analysis is reported as there
was an insufficient number of studies (< 10).
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Appendix 7 Tables of excluded observational

studies

TABLE 39 Excluded observational studies

Abdeen K, Kato Y, Kiya N, Yoshida K, Kanno T. Neuroendoscopy in microvascular
decompression for trigeminal neuralgia and hemifacial spasm: technical note. Neurol Res
2000;22:522-6

Abdulla A, Neff M. Laparoscopic repair of perforated duodenal ulcer in child’s class C cirrhotic
patient. Surg Endosc 2011;25:5364

Abe T, Goda M, Kamida T, Fujiki M, Kobayashi H, Nakano T, et al. Overlapping free bone graft
with galea-pericranium in reconstruction of the anterior skull base to prevent CSF leak and
sequestrum formation. Acta Neurochir 2007;149:771-5

Abel ME, Chiu YS, Russell TR, Volpe PA. Autologous fibrin glue in the treatment of rectovaginal
and complex fistulas. Dis Colon Rectum 1993;36:447-9

Abu Hilal M, Hallam MJ, Zeidan BA, Pearce NW. Management of a ruptured pseudoaneurysm
of common hepatic artery following pancreaticoduodenectomy. Sci World J 2007;7:1658-62

Abuzayed B, Kafadar AM, Oguzoglu SA, Canbaz B, Kaynar MY. Duraplasty using autologous
fascia lata reinforced by on-site pedicled muscle flap: technical note. J Craniofac Surg
2009;20:435-8

Achauer BM, Miller SR, Lee TE. The hemostatic effect of fibrin glue on graft donor sites. J Burn
Care Rehabil 1994;15:24-8

Acholonu E, Eckstein J, Patel S, Abu-Jaish W, Szomstein S. Indications, complications and long
term outcomes of remnant gastrectomy for gastrogastric fistula after divided Roux-en-Y gastric
bypass for morbid obesity. Surg Endosc 2010;24(Suppl. 1):300

Acholonu E, Eckstein J, Patel S, Szomstein S, Rosenthal RJ. Indications, complications and long
term outcomes of remnant gastrectomy for gastro-gastric fistula after divided Roux-en-Y gastric
bypass for morbid obesity. Obes Surg 2010;20:1005

Adamian LV, Mynbaev OA, Dzhakhan I. [The use of fibrin glue in obstetrics and gynecology.]
Akush Ginekol 1991;11:3-4

Agarwal A, Kumar DA, Jacob S, Baid C, Agarwal A, Srinivasan S. Fibrin glue-assisted sutureless
posterior chamber intraocular lens implantation in eyes with deficient posterior capsules.
J Cataract Refract Surg 2008;34:1433-8

Aghamir SM, Khazaeli MH, Meisami A. Use of Surgicel for sealing nephrostomy tract after
totally tubeless percutaneous nephrolithotomy. J Endourol 2006;20:293-5

Agha-Mir-Salim P, Beck R, Bloching M, Berghaus A. [Endoscopic treatment of iatrogenic
esophageal perforation.] Laryngorhinootologie 2000;79:39-42

Agresta F. Re: Spray application of fibrin glue as risk factor for subcutaneous emphysema in
laparoscopic transabdominal inguinal hernia repair. Surg Laparosc Endosc Percutan Tech
2007;17:222

Agresta F, Baldazzi GA, Ciardo LF, Trentin G, Giuseppe S, Ferrante F, et al. Lightweight partially
absorbable monofilament mesh (polypropylene/poliglecaprone 25) for TAPP inguinal hernia
repair: Initial experience. Surg Laparosc Endosc Percutan Tech 2007;17:91-4

Agresta F, Bedin N. Transabdominal laparoscopic inguinal hernia repair: is there a place for
biological mesh? Hernia 2008;12:609-12

Aguilar PH, De Oliveira EP. The use of fibrin glue to stop venous bleeding in the epidural space,
vertebral venous plexus, and anterior cavernous sinus: Technical note — commentary.
Neurosurgery 2007;61(Suppl.):E51

No comparison group

No comparison group

Not a comparative
observational study

No comparison group

No comparison group

No comparison group

RCT

No comparison group

Duplicate

Not a comparative
observational study

Not a comparative
observational study
RCT

No comparison group

Letter/commentary/reply

No comparison group

No comparison group

Letter/commentary/reply

continued
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TABLE 39 Excluded observational studies (continued)

Aguilera et al. 2013

Agus GB, Bono AV, Mira E, Olivero S, Peilowich A, Homdrum E, et al. Hemostatic efficacy and
safety of TachoComb in surgery. Ready to use and rapid hemostatic agent. Int Surg
1996;81:316-19

Aida H, Kagaya S. [Successful repair of left ventricular free wall rupture with repeated mydriasis
and loss of light reflex.] Kyobu Geka 2011;64:1168-71

Aigner C, Wolner E, Mohl W. Management of central coronary sinus ruptures using the
pericardial patch repair technique. Ann Thorac Surg 2006;81:1275-8

Aitola P, Hiltunen KM, Matikainen M. Fibrin glue in perianal fistulas — a pilot study. Ann Chir
Gynaecol 1999;88:136-8

Ak G, Alpkilic Baskirt E, Kurklu E, Koray M, Tanyeri H, Zulfikar B. The evaluation of fibrin
sealants and tissue adhesives in oral surgery among patients with bleeding disorders. Turk J
Haematol 2012;29:40-7

Akaogi E, Mitsui K, Sohara Y, Endo S, Ishikawa S, Hori M. Treatment of postoperative
chylothorax with intrapleural fibrin glue. Ann Thorac Surg 1989;48:116-18

Akhras J, Tobi M, Zagnoon A. Endoscopic fibrin sealant injection with application of hemostatic
clips: a novel method of closing a refractory gastrocutaneous fistula. Dig Dis Sci 2005;50:1872-4

Al Harakeh AB. Complications of laparoscopic Roux-en-Y gastric bypass. Surg Clin North Am
2011;91:1225-37

Alashwal AH, Yaakub A, Noor RAM, Tajudin LSA. Fibrin glue for sealing early bleb leak: a case
report. Int J Ophthalmol 2009;9:831-2

Albala DM, Wood C, Fischer C, Hart J, Batiller J, Shen J. A randomized trial of aprotinin free
fibrin sealant versus absorbable hemostat. J Endourol 2011;25:A95

Albéniz Arbizu E, Lépez San Roman A, Garcia Gonzalez M, Foruny Olcina JR, Garcia-Hoz
Rosales F, Barcena Marugan R, et al. Fibrin-glue sealed liver biopsy in patients with a liver
transplantation or in liver transplantation waiting list: preliminary results. Transplant Proc
2003;35:1911-12

Albera R, Canale A, Lacilla M, Cavalot AL, Ferrero V. Delayed vertigo after stapes surgery.
Laryngoscope 2004;114:860-2

Albert JG. Closure of an ischemic duodenal fistula with an over-the-scope clip. Video J
Encyclopedia Gl Endosc 2013;1:219-20

Ali A, Zayed H, Kizilates K, El Sakka K, Brown J, Halawa M, et al. The feasibility and safety of
drainless carotid endarterectomy. Interact Cardiovasc Thorac Surg 2009;8:572

Ali SN, Gill P, Oikonomou D, Sterne GD. The combination of fibrin glue and quilting reduces
drainage in the extended latissimus dorsi flap donor site. Plast Reconstr Surg 2010;125:1615-19

Alibai EA, Rahmanian AK, Razmkon A, Nabavizadeh SA. Tension pneumocephalus following
pterional craniotomy for treatment of intracavernous internal carotid artery aneurysm. Emerg
Radiol 2008;15:441-4

Alio JL, Mulet E, Sakla HF, Gobbi F. Efficacy of synthetic and biological bioadhesives in scleral
tunnel phacoemulsification in eyes with high myopia. J Cataract Refract Surg 1998;24:983-8

Alio JL, Rodriguez AE, Martinez LM, Rio AL. Autologous fibrin membrane combined with solid
platelet-rich plasma in the management of perforated corneal ulcers: a pilot study. JAMA
Ophthalmol 2013;131:745-51

Alizadeh Ghavidel A, Mirmesdagh Y, Samiei N, Gholampour Dehaki M. Haemostatic role of
TachoSil surgical patch in cardiac surgery. J Cardiovasc Thorac Res 2014;6:91-5

Al-khudari S, Vitale L, Ghanem T, McLean S. Recurrent high output chyle fistula post neck
dissection resolution with conservative management. Laryngoscope 2010;120(Suppl. 4):141

RCT

No comparison group

No comparison group

No comparison group

No comparison group

RCT

No comparison group

No comparison group

Not fibrin sealant

No comparison group

RCT

No comparison group

No comparison group

No comparison group

No comparison group

RCT

No comparison group

RCT

No comparison group

No adverse effects

related to fibrin reported

No comparison group
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TABLE 39 Excluded observational studies (continued)

Allende CA, Allende BT, Allende BL, Bitar I, Gonzalez G. Intercondylar distal humerus fractures —
surgical treatment and results. Chir Main 2004,;23:85-95

Alleyne Jr CH, Pearce JE. Nonsuture dural repair using polyglycolic acid mesh and fibrin glue:
clinical application to spinal surgery — commentary. Surg Neurol 2006;65:142-3

Almer ZE, Miller NR. Delayed third cranial nerve palsy after aneurysm wrapping.
J Neuroophthalmol 2008;28:359

Al-Mutairi M, AlEnezi F, Al-Einati T. Left main coronary artery ostial stenosis with biologic glue
post-Bentall procedure. Kuwait Med J 2008;40:321-3

Al-Qahtani K. Initial experience with hemostatic fibrin glue as adjuvant during drainless
parotidectomy. Saudi Dent J 2011;23:67-71

Altomare et al. 20112"

Alvarez JA, Bermejo F, Algaba A, Hernandez MP, Grau M. Surgical repair and biological therapy
for fecal incontinence in Crohn's disease involving both sphincter defects and complex fistulas.
J Crohns Colitis 2011;5:598-607

Rubio Alvarez J, Sierra Quiroga J, Martinez de Alegria A, Delgado Dominguez C. Pulmonary
embolism due to biological glue after repair of type A aortic dissection. Interact Cardiovasc
Thorac Surg 2011;12:650-1

Al-Yamany M, Del Maestro RF. Prevention of subdural fluid collections following transcortical
intraventricular and/or paraventricular procedures by using fibrin adhesive. J Neurosurg
2000;92:406-12

Amano J, Suzuki A. Surgical treatment of cardiac involvement in Takayasu arteritis. Heart
Vessels 1992;7(Suppl. 7):168-78

Ambriz-Gonzalez G, Velazquez-Ramirez GA, Garcia-Gonzalez JL, De Leon-Gomez IMG,
Mucino-Hernandez MI, Gonzalez-Ojeda A, et al. Use of fibrin sealant in hypospadias surgical
repair reduces the frequency of postoperative complications. Urol Int 2007;78:37-41

Ambruoso G, Aimé G, Borsa R, Cordara G, Governa G, Polledro P, et al. [Urethro-vesical
anastomosis after radical prostatectomy and bladder replacement with the Camey Il approach.]
Minerva Urol Nefrol 1994,;46:159-61

Anagiotos A, Feyka M, Gostian AO, Lichtenstein T, Henning TD, Guntinas-Lichius O, et al.
Endoscopic laser-assisted diverticulotomy without versus with wound closure in the treatment
of Zenker's diverticulum. Eur Arch Otorhinolaryngol 2014,271:765-70

Anderson NJ, Hardten DR. Fibrin glue for the prevention of epithelial ingrowth after laser in situ
keratomileusis. J Cataract Refract Surg 2003;29:1425-9

Andree C, Munder BlJ, Behrendt P, Hellmann S, Audretsch W, Voigt M, et al. Improved safety
of autologous breast reconstruction surgery by stabilisation of microsurgical vessel anastomoses
using fibrin sealant in 349 free DIEP or fascia-muscle-sparing (fms)-TRAM flaps: a two-centre
study. Breast 2008;17:492-8

Andress HJ, Mewes A, Lange V. Endoscopic hemostasis of a bleeding diverticulum of the sigma
with fibrin sealant. Endoscopy 1993;25:193

Andrychowski J, Czernicki Z, Taraszewska A, Frontczak-Baniewicz M, Przytula E, Zebala M.
Granulomatous inflammation of dura mater — a rare side effect after application of hemostatic
and insulation materials in case of two-stage operation of huge meningioma. Folia Neuropathol
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Appendix 8 Sensitivity analysis random-effects
model (DerSimonian and Lairds>)
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FIGURE 49 Seroma development in all surgical specialties: fibrin sealant vs. standard care. Pooled OR 0.86 (95% Cl
0.68 to 1.10; p =0.23).
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FIGURE 50 Seroma development in breast surgery: fibrin sealant vs. standard care. Pooled OR 0.86 (95% CI 0.65 to

1.14; p =0.30).
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FIGURE 51 Seroma development in hernia surgery: fibrin sealant vs. standard care.
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FIGURE 52 Haematoma development in all surgical specialties: fibrin sealant vs. standard care. Pooled OR 0.66
(95% Cl 0.46 to 0.94; p=0.023).
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FIGURE 53 Haematoma development in breast surgery: fibrin sealant vs. standard care. Pooled OR 0.86
(95% Cl 0.41 to 1.82; p=0.70).
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FIGURE 54 Haematoma development in hernia surgery: fibrin sealant vs. standard care. Pooled OR 0.23
(95% C1 0.07 to 0.79; p=0.02).
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OR meta-analysis plot (random effects)
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FIGURE 55 Haematoma development in orthopaedic surgery: fibrin sealant vs. standard care. Pooled OR 0.53
(95% Cl1 0.21 to 1.34; p=0.18).
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FIGURE 56 Haematoma development in upper Gl tract surgery: fibrin sealant vs. standard care. Pooled OR 0.86
(95% Cl1 0.38 to 1.99; p=0.73).
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FIGURE 57 Seroma and haematoma development combined in all surgical specialties: fibrin sealant vs. standard
care. Pooled OR 0.80 (95% Cl 0.65 to 0.98; p =0.03).
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Secondary dichotomous outcomes

Haemorrhage (bleeding)

OR meta-analysis plot (random effects)
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FIGURE 58 Haemorrhage (bleeding) in all surgical specialties: fibrin sealant vs. standard care. Pooled OR 0.69
(95% C1 0.41 to 1.15; p=0.15).

OR meta-analysis plot (random effects)
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FIGURE 59 Haemorrhage (bleeding) in upper Gl tract surgery: fibrin sealant vs. standard care. Pooled OR 0.43
(95% Cl 0.20 to 0.91; p =0.03).
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OR meta-analysis plot (random effects)
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FIGURE 60 Haemorrhage (bleeding) in cardiothoracic surgery: fibrin sealant vs. standard care. Pooled OR 0.91

(95% Cl 0.25 to 3.39; p=10.89).

OR meta-analysis plot (random effects)
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FIGURE 61 Haemorrhage (bleeding) in vascular surgery: fibrin sealant vs. standard care. Pooled OR 1.85

(95% Cl1 0.37 to 9.15; p=0.45).
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OR meta-analysis plot (random effects)
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FIGURE 62 Haemorrhage (bleeding) in vascular surgery: fibrin sealant vs. standard care. Pooled OR 0.99
(95% Cl1 0.28 to 3.50; p=0.99).

OR meta-analysis plot (random effects)
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FIGURE 63 Haemorrhage (bleeding) in eye surgery: fibrin sealant vs. standard care. Pooled OR 3.19 (95% Cl 0.32 to
32.33; p=0.33).
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Reoperation
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FIGURE 64 Reoperation in all surgical specialties: fibrin sealant vs. standard care. Pooled OR 0.71 (95% Cl 0.52 to

0.95; p=0.02).
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FIGURE 65 Reoperation in cardiothoracic lung surgery: fibrin sealant vs. standard care. Pooled OR 1.37 (95% Cl 0.46

to 4.04; p =0.57).
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OR meta-analysis plot (random effects)
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FIGURE 66 Reoperation in cardiothoracic heart surgery: fibrin sealant vs. standard care. Pooled OR 0.72 (95% Cl
0.43 to 1.21; p=0.22).

OR meta-analysis plot (random effects)
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FIGURE 67 Reoperation in upper Gl tract surgery: fibrin sealant vs. standard care. Pooled OR 0.46 (95% Cl 0.20 to
1.06; p = 0.07).
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OR meta-analysis plot (random effects)
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FIGURE 68 Reoperation in breast surgery: fibrin sealant vs. standard care. Pooled OR 1.24 (95% Cl 0.51 to 3.00; p = 0.64).
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Infections
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OR meta-analysis plot (random effects)
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FIGURE 69 Infections in all surgeries: fibrin sealant vs. standard care. Pooled OR 0.79 (95% Cl 0.55 to 1.14; p =0.20).

OR (95% ClI)
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OR meta-analysis plot (random effects)
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FIGURE 70 Infections in upper Gl tract surgery: fibrin sealant vs. standard care. Pooled OR 1.22 (95% Cl 0.58 to
2.54; p=0.60).

OR meta-analysis plot (random effects)
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FIGURE 71 Infections in breast surgery: fibrin sealant vs. standard care. Pooled OR 0.95 (95% Cl 0.49 to 1.82; p =0.87).
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OR meta-analysis plot (random effects)
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FIGURE 72 Infections in orthopaedic surgery: fibrin sealant vs. standard care. Pooled OR 1.034 (95% Cl 0.21 to
5.15; p=0.97).

OR meta-analysis plot (random effects)
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FIGURE 73 Infections in cardiothoracic lung surgery: fibrin sealant vs. standard care. Pooled OR 0.41 (95% Cl 0.05
to 3.12; p=10.39).
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Secondary continuous outcomes

Duration of operation

Effect size meta-analysis plot (random effects)

Musella 201488

Sroka 20159

f T 1
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DL pooled weighted MD —4.66257 (95% CI —12.715135 to 3.389996)

FIGURE 74 Mean duration of gastric surgery in minutes: fibrin sealant vs. no sealant. Pooled MD —4.66 (95% Cl
-12.71 to 3.39; p =0.26). DL, DerSimonian and Laird.>

Effect size meta-analysis plot (random effects)

Liu 199369 .

Noun 199670

[ I I 1
-150 -100 =50 0 50
DL pooled weighted MD —14.959524 (95% Cl -54.247356 to 24.328308)

FIGURE 75 Mean duration of hepatic resection without liver mobilisation in minutes: fibrin sealant vs. standard
care. Pooled MD -14.96 (95% Cl -54.2 to 24.3; p = 0.46). DL, DerSimonian and Laird.>®
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Effect size meta-analysis plot (random effects)
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FIGURE 76 Mean duration of hepatic resection with liver mobilisation in minutes: fibrin sealant vs. standard care.
Pooled MD 19.07 (95% Cl 2.75 to 35.38; p =0.02). DL, DerSimonian and Laird.>

Effect size meta-analysis plot (random effects)
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FIGURE 77 Mean duration of eye surgery in minutes: fibrin sealant vs. sutures. Pooled MD -17.93 (95% Cl -23.35 to
-12.50; p < 0.01). DL, DerSimonian and Laird.>
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Effect size meta-analysis plot (random effects)
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FIGURE 78 Mean duration of hernia surgery in minutes: fibrin sealant vs. sutures. Pooled MD -2.56 (95% Cl -3.57
to -1.56; p <0.01). DL, DerSimonian and Laird.>®

Effect size meta-analysis plot (random effects)
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FIGURE 79 Mean duration of hernia surgery in minutes: fibrin sealant vs. staples. Pooled MD 8.98 (95% Cl -2.20 to
20.15; p=0.12). DL, DerSimonian and Laird.*®

210

NIHR Journals Library www. journalslibrary.nihr.ac.uk



DOI: 10.3310/hta20940 HEALTH TECHNOLOGY ASSESSMENT 2016 VOL. 20 NO. 94

Length of hospital stay
Effect size meta-analysis plot (random effects)
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FIGURE 80 Length of hospital stay in days in pancreatic surgery: fibrin sealant vs. standard care. Pooled MD -1.40
(95% Cl -1.72 to -1.09; p < 0.01). DL, DerSimonian and Laird.>®

Effect size meta-analysis plot (random effects)

Musella 201488 []

Silecchia 200852 .
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FIGURE 81 Length of hospital stay in days in gastric surgery: fibrin sealant vs. standard care. Pooled MD 0.07
(95% Cl -0.39 to 0.54; p =0.76). DL, DerSimonian and Laird.>®
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Effect size meta-analysis plot (random effects)
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FIGURE 82 Length of hospital stay in days in cardiothoracic lung surgery: fibrin sealant vs. standard care. Pooled
MD -1.20 (95% Cl -3.22 to 0.81; p =0.24). DL, DerSimonian and Laird.>®

Effect size meta-analysis plot (random effects)
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FIGURE 83 Length of hospital stay in days in breast surgery: fibrin sealant vs. standard care. Pooled MD -0.87
(95% Cl -1.75 to 0.01; p =0.05). DL, DerSimonian and Laird.**
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Effect size meta-analysis plot (random effects)
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FIGURE 84 Length of hospital stay in days for knee surgery: fibrin sealant vs. standard care. Pooled MD 0.07
(95% Cl -0.74 to 0.88; p =0.87). DL, DerSimonian and Laird.>

Duration of drainage

Effect size meta-analysis plot (random effects)
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FIGURE 85 Duration of drainage in days in breast and axillary lymph nodes surgery: fibrin sealant vs. standard care.
Pooled MD -1.06 (95% Cl —-1.69 to -0.42; p =0.00). DL, DerSimonian and Laird.*
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Effect size meta-analysis plot (random effects)
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FIGURE 86 Duration of drainage in days for liver surgery: fibrin sealant vs. standard care. Pooled MD -0.27
(95% Cl1 -0.82 to 0.27; p =0.33). DL, DerSimonian and Laird.>®

Effect size meta-analysis plot (random effects)
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FIGURE 87 Duration of drainage in days for lung surgery: fibrin sealant vs. standard care. Pooled MD -2.10
(95% Cl -3.65 to -0.56; p =0.01). DL, DerSimonian and Laird.>®
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Appendix 9 Data tables for randomised
controlled trials

TABLE 40 Seroma development data: all RCTs

Group (n/N)
Study (author, year) Fibrin sealant Standard care Total population size across all studies
Altinli et al., 2007%% 0/16 1716 -
Benevento et al., 2014'%° 1/30 6/30 -
Berger et al., 2001'” 11/29 13/31 -
Boldo, 2008'? 9/22 8/22 -
Bracale et al., 2014 3/50 0/50 -
Carlson et al., 2008 9/70 11/67 -
Chan et al., 2014"7® 9/64 7/65 -
Damiano et al., 2014 5/216 10/252 -
Dinsmore et al., 2000% 6/14 3/13 -
Gilly et al., 1994'" 2/19 1/21 -
Gilly et al., 1998'%® 1/50 1/58 -
Hester et al., 2013 4/75 4/75 -
Jain et al., 2004% 10/29 12/29 -
Johnson et al., 2005'® 14/38 20/44 -
Ko et al., 2009 10/47 12/48 -
Lau, 2005'"? 16/46 5/47 -
Llewellyn-Bennett et al., 2012 1/48 0/53 -
Mabrouk et al., 2013*™ 1/30 11/30 -
Maharaj et al., 2006*° 1/28 5/22 -
Miri Bonjar et al., 2012'% 5/31 7/29 -
Moench et al., 20147° 4/65 3/61 -
Moore et al., 2001 3/19 2/7 -
Moore et al., 2001 4/19 2/7 -
Moore et al., 2001 6/21 2/7 -
Mortenson et al., 2008'*° 3/16 3/14 -
Mustonen et al., 2004'* 7/19 10/21 -
Neuss et al., 2009'"® 12/29 10/29 -
Olmi et al., 2007*° 1.7/50 12/150 -
Olmi et al., 2007%** 1.7/50 15/150 -
Olmi et al., 2007* 1.7/50 13/150 -
Segura-Castillo et al., 2005'® 2/22 8/23 -
Sézen et al., 2011%" 6/25 2/25 -

continued
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TABLE 40 Seroma development data: all RCTs (continued)

Study (author, year)

Swan et al., 2011'"
Tolver et al., 2013
Udén et al., 1993%
Ulusoy et al., 2003%
Wong et al., 2011
Total

Group (n/N)
Fibrin sealant
17/36

3/50

23/36

5127

1/30

228/1586

Standard care
19/38

5/50

17/32

3/27

1/26

275/1886

Total population size across all studies

3472

TABLE 41 Haematoma development data: all RCTs

Study (author, year)

Aguilera et al., 2013
Aguilera et al., 2013
Bektas et al., 2014%
Boldo, 2008'"
Canonico et al., 1999"
Cipolla et al., 2010™°
Cormio et al., 2012%%
Hester et al., 2013%"
Johnson et al., 2005'®
Lassen et al., 2006™"'
Lee et al., 2009*7
Llewellyn-Bennett et al., 2012'"'
Miri Bonjar et al., 2012'%
Moore et al., 2001™"
Moore et al., 2001™"
Neuss et al., 2009'"®
Noun et al., 1996
Oliver et al., 2001%%®
Olmi et al., 2007%°
Olmi et al., 2007%°
Olmi et al., 2007%°
Sabatini et al., 2012'*
Siemer et al., 2007%
Sroka et al., 2015

Swan et al., 2011'"®

Group (n/N)
Fibrin sealant
0/42
3/41
5/35
0/22
0/25
1/80
0/49
1/75
2/38
2/22
0/9
5/48
2/31
1719
3/21
1/29
6/35
1720
0/50
0/50
0/50
2/35
40/92
1/49
1/36

N ENLETGRET
2/42
1/41
4/35
2/22
2/25
1/79
3/47
4/75
2/44
4/36
2/9
8/53
2/29
077
0/7
2/29
9/42
0/20
3/150
3/150
4/150
6/35
22/93
2/47
1/38

Total population size across all studies
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TABLE 41 Haematoma development data: all RCTs (continued)

Group (n/N)
Study (author, year) Fibrin sealant Standard care Total population size across all studies
Tolver et al., 2013 0/50 5/50 -
Vaiman et al., 2002 0/68 0.5/34 -
Vaiman et al., 2002'® 0/68 0.5/34 -
Wang et al., 2001 1/25 4/28 -
Total 58/1214 99/1451 2665

TABLE 42 Seroma and haematoma development combined data: all RCTs

Group (n/N)
Study (author, year) Fibrin sealant Standard care Total population size across all studies
Aguilera et al., 2013' 0/42 2/42 -
Aguilera et al., 2013 3/41 1/41 -
Altinli et al., 20072 0/16 1716 -
Bektas et al., 2014% 5/35 4/35 -
Benevento et al., 2014'” 1/30 6/30 -
Berger et al., 2001'” 11/29 13/31 -
Boldo, 2008'"* 9/22 10/22 -
Bracale et al., 2014 3/50 0/52 -
Canonico et al., 19997 0/25 2/25 -
Carlson et al., 2008%* 9/70 11/67 -
Chan et al., 2014"7® 9/64 7/65 -
Cipolla et al., 2010"° 1/80 1/79 -
Cormio et al., 2012%% 0/49 3/47 -
Damiano et al., 2014 5/216 10/252 -
Dinsmore et al., 2000% 6/14 3/13 -
Gilly et al., 1994'" 2/19 1/21 -
Gilly et al., 1998'%® 1/50 1/58 -
Hester et al., 2013 5/75 8/75 -
Jain et al., 2004% 10/29 12/29 -
Johnson et al., 2005'® 16/38 22/44 -
Ko et al., 2009 10/47 12/48 -
Lassen et al., 2006'" 2/22 4/36 -
Lau, 2005'" 16/46 5/47 -
Lee et al., 2009%”’ 0/9 2/9 -
Llewellyn-Bennett et al., 2012'' 6/48 8/53 -
Lovisetto et al., 2007 5/99 3/98 -

continued
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TABLE 42 Seroma and haematoma development combined data: all RCTs (continued)

Group (n/N)

Study (author, year) Fibrin sealant Standard care Total population size across all studies

Mabrouk et al., 2013*'* 1/30 11/30 -
Maharaj et al., 2006%*° 128 5/22 -
Miri Bonjar et al., 2012'% 7/31 9/29 -
Moench et al., 2010%° 4/65 3/61 -
Moore et al., 2001"" 4/19 217 -
Moore et al., 2001™" 4/19 2/7 -
Moore et al., 2001™" 9/21 2/7 -
Mortenson et al., 2008'%° 3/16 3/14 -
Mustonen et al., 2004'* 7119 10/21 -
Neuss et al., 2009'"® 13/29 12/29 -
Noun et al., 19967 6/35 9/42 -
Oliver et al., 2001%%® 1/20 0/20 -
Olmi et al., 2007%*° 1.67/50 15/150 -
Olmi et al., 2007%*° 1.67/50 18/150 -
Olmi et al., 2007%*° 1.67/50 17/150 -
Sabatini et al., 2012' 2/35 6/35 -
Segura-Castillo et al., 2005'® 2/22 8/23 -
Siemer et al., 2007%' 20/92 22/93 -
Sézen et al., 2011%"2 6/25 2/25 -
Sroka et al., 2015% 1/49 2/47 -
Swan et al., 2011'3 18/36 20/38 -
Tolver et al., 2013 3/50 10/50 -
Udén et al., 1993% 23/36 17/32 -
Ulusoy et al., 2003% 5/27 3/27 -
Vaiman et al., 2002 0/68 0.5/34 -
Vaiman et al., 2002 0/68 0.5/34 -
Wang et al., 2001™ 1/25 4/28 -
Wong et al., 2011'% 1/30 1/26 -
Total 282/2310 366/2566 4876
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TABLE 43 Haemorrhage (bleeding) data: all RCTs

Study (author, year)

Canonico et al., 19997
Czerny et al., 2000%%
Jain et al., 2004%°
Kakaei et al., 20137
Ko et al., 2009'*
Kohno et al., 19927°
Lang et al., 2004
Marta et al., 2010'°
Moench et al., 2010%°
Montorsi et al., 2012%
Nativ et al., 2012*
Saha et al., 2012"
Silecchia et al., 2008%
Suc et al., 2003%
Taylor et al., 2003'*
Uy et al., 2005
Yiksel et al., 2010
Total

Group (n/N)
Fibrin sealant
1/25

2/9

1729

0/15

3/47

2/31

1/95

2/148

1/65

17145

1/4

1/70

0/160

7/102

4/100

1711

1729
29/1085

HEALTH TECHNOLOGY ASSESSMENT 2016 VOL. 20 NO. 94

Standard care
6/25

1/7

0/29
5/15
2/48
2/31
0/91
4/151
1/61
3/130
0/3

1/70
2/160
11/80
4/99
0/11
0/29
42/1040

Total population size across all studies

2125

TABLE 44 Reoperation data: all RCTs

Study (author, year)

Aguilera, 2013™3

Aguilera, 2013

Anegg et al., 2007'®

Berger et al., 2001'”
Bochicchio et al., 2015%°

Furrer et al., 1993

Hutter et al., 2014°

Huang and Qian, 2014%
Kjaergard and Trumbull, 1998'%®
Llewellyn-Bennett et al., 2012
Maisano et al., 2009'%

Marta et al., 2010'*

Martin and Au, 2013%
Schwartz et al., 20047

Suc et al., 2003%

Tavilla et al., 2015%

Total

Group (n/N)
Fibrin sealant
1/42

1/41

2/75

0/29

0/480

2/15

6/113

0/48

0/11

10/48

3/59

6/148

5/25

10/58
15/102
23/722
84/2016

Standard care
1/42

1/41

/77

1/31
1/239
2/15
10/116
12/47
112

8/53

8/60
5/151
8/32
23/63
15/80
27/714
124/1773

Total population size across all studies

3789
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TABLE 45 Infections data: all RCTs

Group (n/N)
Total population size

Study (author, year) Fibrin sealant Standard care across all studies

Aguilera et al., 2013 0/42 1/42 -
Aguilera et al., 2013 1/41 1/41 -
Chalmers et al., 2010'*® 4/75 5/72 -
Chan et al., 2014"® 5/64 2/65 -
Fischer et al., 201172 1/60 2/59 -
Frilling et al., 2005" 4/53 2/59 -
Gonfiotti et al., 2011'*° 0/91 3/94 -
Huang et al., 2015% 0/21 1/21 -
Jain et al., 2004%° 1/29 1/29 -
Ko et al., 2009'* 3/47 2/48 -
Kohno et al., 19927 1/31 2/31 -
Levy et al., 1999 2/29 1/29 -
Lillemoe et al., 2004% 3/58 3/66 -
Maharaj et al., 2006%*° 128 0/22 -
Marta et al., 2010"° 1/148 1/151 -
Martin and Au 2013% 5/25 3/32 -
Mellin and Kondler 1989'"° 4/51 16/39 -
Moench et al., 2010%*° 3/65 1/61 -
Montorsi et al., 2012% 0/145 2/130 -
Moore et al., 2001™" 119 or7 -
Moore et al., 2001™" 2/19 0/7 -
Moore et al., 2001™" 1/21 0/7 -
Mortenson et al., 2008'* 716 714 -
Nativ et al., 2012 0/4 1/3 -
Neuss et al., 2009'"® 10/29 11/29 -
Tachibana et al., 2003'% 1/21 2/22 -
Tavilla et al., 2015% 5/722 9/714 -
Ulusoy et al., 2003% 127 127 -
Total 67/1981 80/1921 3902

TABLE 46 Duration of operation data: all RCTs

Group

Fibrin sealant Standard care
Study (author, year) n Mean n Mean Surgery area
Bulbuller et al., 2013% 6 138.2 21.57 15 138.1 19.77 C Upper Gl tract: bowel
Bulbuller et al., 2013% 6 138.2 21.57 16 196 19.77 C Upper Gl tract: bowel
Bulbuller et al., 2013% 6 138.2 21.57 16 166.4 19.77 C Upper Gl tract: bowel
Musella et al., 2014% 50 82.8 5.2 50 84.3 6.2 Upper Gl tract: bowel
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TABLE 46 Duration of operation data: all RCTs (continued)

Group
Fibrin sealant Standard care

Study (author, year) n Mean n Mean Surgery area

Pilone et al., 2012% 15 108 2157 15 102 19.77 C Upper Gl tract: bowel

Silecchia et al., 2008% 160 149.4 36.5 160 142.7 34.1 Upper Gl tract: bowel

Sroka et al., 2015% 49 64 23 47 54 19 Upper Gl tract: bowel

Sroka et al., 2015%° 49 64 23 49 74 21 Upper Gl tract: bowel

Uetsuji, 1994% 25 362 131 39 280 85 Upper Gl tract: liver

Liu and Lui, 1993% 20 294.5 65.3 20 343 184 Upper Gl tract: liver
without mobilisation

Noun et al., 1996 35 252 90 42 258 108 Upper Gl tract: liver
without mobilisation

Uetsuji et al., 1994% 25 362 131 39 342 1M Upper Gl tract: liver
with mobilisation

Figueras et al., 2007"' 150 282 76.3 150 263 73.1 Upper Gl tract: liver
with mobilisation

Mortenson et al., 2008'%° 16 227 16.2 14 261 16.8 Breast/lymph

Moore et al., 1997'% 32 135 16.2 31 132 16.8 Breast/lymph

Cambal et al., 2012"° 50 48.5 1.1 50 44 11.77 Hernia

Campanelli et al., 2012"7¢ 158 398 12.1 158 415 11.9 Hernia

Damiano et al., 2014' 216 48.89 5.71 252 516 6.27 Hernia

Lovisetto et al., 2007 99 53.8 7.61 98 39.6 7.61 Hernia

Chan et al., 2014"® 64 75.84 19.01 65 73.09 21.31 Hernia

Bahar et al., 2007'® 42 16 3.94 39 28 4 C Eye

Bahar et al., 2006'% 39 16 394 26 20 4 C Eye

Hall et al., 2009'® 25 12.04 3.94 25 26.04 4 C Eye

Karalezli et al., 2008’ 25 15.7 2.4 25 32.5 6.7 Eye

Kucukerdonmez et al., 2010 32 1122 24 38 18.7 2.2 Eye

Malik and Kumar, 2010 50 1824 2.2 25 26.6 1.93 Eye

Ratnalingam et al., 2010'® 68 1693  2.85 69 29.84 565 Eye

Rubin et al., 2011 21 19.05 6.12 26 48.5 7.13 Eye

Sati et al., 2014'% 30 155 12 30 2763 163 Eye

Uy et al., 2005 11 27.8 1 1 67 3.6 Eye

Yiksel et al., 2010 29 23.42 1334 29 41.45 3.2 Eye

Filosso et al., 2013 13 216 24 11 240 30 Cardiothoracic: lung

Lopez et al., 2013'® 179 1656  82.6 167 1555 816 Cardiothoracic: lung

Maisano et al., 2009'* 59 249 77 60 235 59 Cardiothoracic: heart

Fischer et al., 2013%*' 60 247.8 140.4 30 2534 141.8 Mixed

Maggiore et al., 20117 35 98.4 7.8 35 98 9.5 Gynaecological

Takeuchi et al., 2005%** 29 112 458 16 103 30.6 Gynaecological

Takeuchi et al., 2005%** 30 108 41.7 16 103 30.6 Gynaecological

C, computed.
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TABLE 47 Length of hospital stay data: all RCTs

Group

Fibrin sealant Standard care
Study e
(author, year) n Mean n Mean Surgery area
Noun et al., 19967 35 10.8 4 42 11.3 5 Upper Gl tract: liver
Carter et al., 2013 50 6.4 51 7.3 6.75  Check values Upper Gl tract: pancreas
Lillemoe et al., 58 12.2 0.8 66 13.6 1 Upper Gl tract: pancreas
2004%
Martin and Au, 25 14.1 127 32 17.4 17.5 Upper Gl tract: pancreas
2013%
Musella et al., 50 5.1 1.1 50 52 1.2 Upper Gl tract: bowel
2014%
Pilone et al., 2012% 15 6.5 265 15 7 15 C Upper Gl tract: bowel
Schwartz et al., 58 9 4 63 10.5 5 Values taken from  Upper Gl tract: bowel
20047 Noun et al.”

(reporting on SD
for liver surgery)

Silecchia et al., 160 7.1 4.2 160 6.7 1.8 Upper Gl tract: bowel

2008%

Aguilera et al., 42 7.6 53 42 7.5 2.6 Joints: knee

2013"

Aguilera et al., 41 7.2 4.5 41 6.8 2.4 Joints: knee

2013

Kluba et al., 2012 12 12.67 5.1 12 13.67 2.7 Joints: knee

Molloy et al., 50 4.82 4.3 50 5.86 255 C Joints: knee

2006'

Randelli et al., 31 9 2.3 31 9 25 Joints: knee

2014'%

Lassen et al., 22 7 36 7 Joints: hip

2006™

Wang et al., 2003 38 49 43 5.3 Joints: hip

Benevento et al., 30 2.08 1.06 30 4.08 1.05 Breast/lymph

2014'%°

Berger et al., 29 9.1 2.7 31 9.3 3.6 Breast/lymph

2001

Furrer etal.,, 1993 15 18 1" 15 22 16 Breast/lymph

Mustonen et al., 19 3.9 1 21 3.7 1 Breast/lymph

2004'*

Vaxman et al., 20 10.8 35 19 9.4 35 Breast/lymph

1995%"

Gilly et al., 1994'" 19 6.46 1.85 21 8.47 2.62 Breast/lymph: inguinal
or axillary lymph nodes

Udén et al., 1993% 36 5.7 32 43 Breast/lymph: inguinal
or axillary lymph nodes

Gilly et al., 1998 50 8 1.6 58 10.1 2.1 Breast/lymph: axillary
lymph nodes

Moore et al., 32 1.18 0.6 31 1.41 0.69 Breast/lymph: breast

1997'% and axillary lymph
nodes
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TABLE 47 Length of hospital stay data: all RCTs (continued)

Group

Fibrin sealant Standard care
Study =
(author, year) n Mean SD n Mean SD Surgery area
Lovisetto et al., 99 1 98 1 Hernia
2007™®
Olmi et al., 2007%** 50 1 150 1.1 Hernia
Olmi et al., 2007%*° 50 1 150 1.1 Hernia
Olmi et al., 2007%*° 50 1 150 1.2 Hernia
Cormio et al., 49 2.75 1.68 47 5.15 1.74 Urology
2012%%2
Czerny et al., 9 10 7 10.5 Vascular
2000%*
Anegg et al., 75 6.2 2 77 7.7 2.2 C Cardiothoracic: lung
2007'#
Droghetti et al., 20 11 2 20 14.3 2.2 @ Cardiothoracic: lung
2008'*
Fabian et al., 50 4.6 2 50 4.9 2.2 C Cardiothoracic: lung
2003'®
Filosso et al., 13 6.9 1.4 11 9.5 0.5 Cardiothoracic: lung
2013'*
Gonfiotti et al., 91 7.64 356 94 7 3.33 Cardiothoracic: lung
2011™°
Rena et al., 2009"’ 30 5.87 1.07 30 7.5 3.2 Cardiothoracic: lung
Tavilla et al,, 2015 722 5.99 395 714 6.07 4.21 Cardiothoracic: heart

C, computed.
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TABLE 48 Duration of drainage data: all RCTs

Group

Fibrin sealant Standard care
Study (author, year) n Mean n Mean Surgery area
Maisano et al., 2009'* 59 3.9 7.4 60 2.8 4.4 Cardiothoracic: heart
Berger et al., 2001 29 3.8 1.9 31 3.9 1.8 Breast/lymph
Benevento et al., 2014' 30 2 1.4 30 4 1.6 Breast/lymph
Cipolla et al., 2010™° 80 4.5 1.7 79 5.1 1.9 Breast/lymph
Di Monta et al., 2012'"7 37 20 5 33 23 5 Breast/lymph
Dinsmore et al., 2000%’ 14 16.5 1.9 13 12.3 2.3 C Breast/lymph
Furrer et al., 1993'" 15 8.6 4.2 15 1.7 9.1 Breast/lymph
Gilly et al., 1994'" 19 4.85 2.06 21 7.19 2.59 Breast/lymph
Ko et al., 2009'* 47 3.3 0.9 48 3.8 1.4 Breast/lymph
Moore et al., 1997'% 32 3.9 1.7 31 6.9 1.19 Breast/lymph
Mustonen et al., 2004'% 19 3.3 1.2 21 3.1 0.9 Breast/lymph
Mustonen et al., 2004'% 19 2.2 0.8 21 23 0.7 Breast/lymph
Nielsen et al., 1985'% 10 4.4 1.9 20 4.4 23 C Breast/lymph
Nielsen et al., 1985'# 8 6.5 1.9 20 4.4 2.3 C Breast/lymph
Segura-Castillo et al., 2005' 22 5.09 1.48 23 8.96 2.33 Breast/lymph
Ulusoy et al., 2003% 27 9.88 0.59 27 9.66 0.58 Breast/lymph
Vaxman et al., 1995'? 20 5.85 2.7 19 4.89 1.9 Breast/lymph
Vaxman et al., 1995'" 20 23 1 19 2.95 1.2 Breast/lymph
Erba et al., 2010?" 5 4 1 5 6 1 Plastic
Oliver et al., 2002°" 5 8.2 5 6.3 Plastic
Oliver et al., 2002°" 4 9.5 4 9.3 Plastic
Oliver et al., 2002°" 5 4.6 5 9.6 Plastic
Oliver et al., 2002°" 8 4.1 8 4.9 Plastic
Czerny et al., 2000%* 9 2 7 2 Vascular
Randelli et al., 2014 31 0.81 0.16 31 0.8 0.11 Joints
Bektas et al., 2014% 35 8.7 7.4 35 8.1 4.1 Upper Gl tract: liver
Fischer et al., 20117 60 6.6 433 59 7.6 2.58 C Upper Gl tract: liver
Frilling et al., 20057 53 8.2 433 59 5.7 2.58 C Upper Gl tract: liver
Kakaei et al., 2013 15 3.66 0.97 15 4.06 0.7 Upper Gl tract: liver
Kohno et al., 19927 31 7.2 5.1 31 6.3 2.7 Upper Gl tract: liver
Liu and Lui, 1993% 20 7.85 3.85 20 8.35 2.81 Upper Gl tract: liver
Czerny et al., 2004™ 40 2.53 0.17 40 2.97 0.14 Cardiothoracic: lung
Filosso et al., 2013 13 6.1 1.7 11 10.8 2.4 Cardiothoracic: lung
Gonfiotti et al., 2011'*° 91 6 3.1 94 6.5 5.4 Cardiothoracic: lung
Moser et al., 2008'% 25 2.83 1.96 25 5.88 2.96 Cardiothoracic: lung
Rena et al., 2009'¥ 30 3.53 1.59 30 5.9 3.72 Cardiothoracic: lung
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