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ABSTRACT

Introduction About 2%-30% of cardiac catheterisation
procedures get complicated by radial artery occlusion
(RAO). Ensuring patent haemostasis appears to be an
important factor in reducing RAO. Currently employed
method is a radial compression device (RCD) such

as transradial band (TRB) that take hours to achieve
haemostasis and cause discomfort to the patients.
Haemostatic pads offer an alternative to RCD with reduced
time to achieve haemostasis. Our trial aims to determine
the non-inferiority of the catecholamine chitosan-based
pad (InnoSEAL haemostatic pad) used in conjunction with
TRB (InnoSEAL +TRB) when compared with the TRB alone
in reducing composite adverse access site outcomes.
Methods and analysis It will be an open-label, parallel,
randomised controlled trial on 714 adult patients (325

in each arm) undergoing coronary procedure using
transradial approach at a cardiac health facility over

7 months duration. InnoSEAL patch along with TRB will
be used to control bleeding in intervention arm and TRB
alone in control arm, which is the standard practice.
Study primary outcomes include RAO and haematoma;
secondary outcomes are compression time, patient
discomfort, time to discharge and ease of use of the
intervention technique by the healthcare staff. xz test will
be used to compare the categorical outcomes between
two arms and student’s t-test for continuous outcomes. A
p value of <0.05will be considered significant.

Ethics and dissemination Ethical approval for the study
has been obtained from the Institutional Review Board

of Tabba Heart Institute number IORG0007863. Findings
will be disseminated through seminars and scientific
publications.

Trial registration number NCT04380883; Pre-results.

INTRODUCTION

Transradial procedures are frequently compli-
cated by radial artery occlusion (RAO) with a
reported incidence of 2%-30%." RAO may

.2 Asad Pathan’

Strengths and limitations of this study

» This is the first powered clinical trial comparing
chitosan-based haemostatic pad to the pneumatic
band. The trials done previously were on a lesser
number of patients with no power calculation.

» One of the secondary outcomes of the study is the
ease of the use of any of the techniques of access
site closure by the cath lab staff. This will inform the
feasibility of translating the trial results into practice.

» The lack of blinding of the data collectors is a limita-
tion of the study.

limit future use of this site for catheterisation,
as an arterial conduit for surgical revascular-
isation or for haemodialysis access. Indepen-
dent predictors of RAO are the diameter of
the sheath and its relationship to the size of
the radial artery, amount of heparin used,
post-procedure compression time and pres-
ence of anterograde flow in the artery during
haemostasis. Ensuring patent haemostatic
compression, that is, the control of arterial
bleeding while maintaining radial arterial
flow appears to be an important factor in
reducing RAO.?

Haemostasis after radial sheath removal
has been achieved using multiple methods
including manual compression, tourniquets
and compression bandages, a variety of
pneumatic compression devices, and more
recently haemostatic pads impregnated with
procoagulant chemicals. Currently, the most
frequently employed method for haemostasis
following transradial procedures is a radial
compression device (RCD) A
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Haemostatic pads offer an alternative to RCD, where
overall compression time is inherently low and patent
haemostasis can possibly be achieved. Chitosan, one of
the materials used in haemostasis pads, is a biodegrad-
able polysaccharide, which is converted to a haemostatic
agent after contact with blood, and has shown similar effi-
cacy in terms of reducing local bleeding and haematoma
formation compared with RCDs with the added advan-
tage of the shorter time of compression and therefore less
patient discomfort.”

The combined use of transradial band (TRB) with a
haemostatic device may allow ease of use with reduced
haemostasis time.” Patent haemostasis is also likely to
be achieved with the combined use of both devices and
possibly improve radial artery patency with the added
benefit of reduced bleeding complications. So far two
trials have been undertaken that compared RCD alone
with RCD plus catechol conjugated homeostasis pads.7 8
Both trials showed the reduced time to achieve haemo-
stasis with RCD plus haemostatic pad but both were
underpowered with a small number of participants. Also,
we did not find any trial from lower middle-income coun-
tries (LMIGCs), hence we planned a trial with adequate
power, which will test the applicability of the haemostatic
pad with the pneumatic band in an LMIC.

Our trial aims to test the hypothesis that compared with
TRB alone, catecholamine chitosan-based pad (Inno-
SEAL haemostatic pad, InnoTherapy, S Korea) used in
conjunction with TRB (InnoSEAL +TRB) is non-inferior
in terms of the composite adverse access site outcomes,
that is, RAO within 24hours and haematoma as per
Bleeding Academic Research Consortium grading.’
Secondary objectives include testing the non-inferiority
of InnoSEAL +TRB in terms of ease of use by the cath lab
staff compared with TRB; and superiority of InnoSEAL
+TRB for shortened total haemostasis time, total observa-
tion time for the radial site and time to hospital discharge
for daycare patients’ subgroup. Finally, we aim to test
the superiority of InnoSEAL +TRB for reduced patient
discomfort compared with TRB alone.

METHODS AND ANALYSIS

This open-label randomised controlled trial will be
conducted in the cardiac catheterisation laboratory
(CCL) at Tabba Heart Institute (THI) Karachi, Pakistan.
THI is a 160 bedded cardiac tertiary care hospital with
24hours emergency and facilities for primary percuta-
neous coronary intervention (PCI) and cardiac surgeries.
The institution has two fully equipped CCL. There is a
fully trained and experienced faculty of more than 15
cardiologists and 06 interventionists. On average, more
than 1400 PCIs are performed annually. This is one of
the major referral centres in the city for primary PCIL.
THI is also a teaching hospital with approved training
programmes in adult cardiology and interventional
cardiology.

Adult patients of both gender undergoing coronary
procedure using transradial approach including diag-
nostic coronary angiogram (CAG) or PCI and who are
haemodynamically stable will be included. Patients in
whom radial sheath of larger than 6 F will be used; who
are on continuous infusion of anticoagulants (unfraction-
ated heparin, gpllb/IIla inhibitors) after the procedure
or ongoing anticoagulation therapy (warfarin, rivarox-
aban) or with international normalised ratio (INR) >3 will
be excluded. Also, patients who are diagnosed with ipsi-
lateral arteriovenous fistula, Barbeau’s class D, or have a
history of RAO at baseline or unable to give consent will
be excluded.

All consecutive patients coming to CCL for coronary
procedures will be screened for eligibility by data collec-
tors. If the participants meet the eligibility criteria of
the study, they will be offered to participate in the trial.
Before the start of the coronary procedure, patients will
be approached for enrolment in the study and informed
consent will be taken. If the participant assigns a surro-
gate, then consent will be signed by the surrogate. In
case of urgent need of coronary procedures, consent will
be taken post coronary procedure when the patient is
shifted in the cath lab recovery area. The consent form
will be provided in English or Urdu according to the
patient’s preference. One signed copy will be given to
the patient for the reference. For an uneducated patient,
the form will be verbally read and thoroughly explained
by the research coordinator. A thumb impression will be
obtained along with the sign from a witness.

Some participants might be excluded after giving
consent due to procedure-related exclusion criteria like
continued intravenous anticoagulation as per the discre-
tion of the primary interventionist. To preserve rando-
misation and to reduce utilisation of the resources, the
allocation of treatment will be performed at the end of
the procedure.

Randomisation will be performed by a core research
team member of the hospital who is not part of this study
using variable-sized blocks of 4 or 6 through computer
software and will be kept in password-protected computer.
Randomisation will be revealed to the data collector
over the phone by the same person who generated the
sequence. Blinding of the participant or the data collec-
tors is not possible in this study.

Data collectors will receive half-day training for consent
taking and data collection. A dry run of the study will be
undertaken to identify challenges in the study execution
and provide hands-on training to the research staff. The
plan is to recruit about 10 participants during the dry
run. The data of these patients will not be used in the
final analysis.

Procedure details: All patients receive intravenous
heparin at a dose of at least 70-100 ITU/kg at the start
of the procedure for diagnostic CAG; the dose will be
higher for PCI at the discretion of the primary oper-
ators. After insertion of radial sheath, all patients
receive intraradial verapamil (maximum of 5mg) and
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Figure 1

InnoSEAL patch is applied over the sheath and
transradial band is tied over it.

nitroglycerin (maximum 500 mg) at a dose titrated to
the patient’s blood pressure. At the end of the radial
procedures, both the groups will receive up to 500 mg
of nitroglycerin into the sheath according to patient’s
blood pressures.

Intervention group (InnoSEAL+TRB)

1. The sheath is pulled 2-3cm and the area surround-
ing the puncture site is cleaned and dried.

2. The InnoSEAL is placed over the sheath at the punc-
ture site.

3. A transparent adhesive clear dressing is placed over
the InnoSEAL.

4. TR band is applied over the transparent adhesive
clear dressing centred over the InnoSEAL.

5. 12 cc air is inflated to apply pressure (figure 1).

6. The sheath is removed. There is a small amount of
blood at the sheath tip that is enough to activate the
haemostatic pad.

7. Air is removed from the TR band at 20 min intervals,
removing 2 cc air at 20 min, 4 cc at 40 min and 6 cc
at 60min from the time of sheath removal. Thus, 10
cc air remains at 20min, 6 cc at 40 min and 0 cc (to-
tal deflation) at 60min. Total compression time is
recorded.

8. TRB is left in place with 0 cc air for further 30 min
and the patient will keep his/her arm in resting posi-
tion. The total duration of TRB application including
the armrest is 90 min. Reverse Barbeau’s test is repeat-
ed just after the removal of TRB.

9. If there is bleeding at any time, 2 cc air is reintro-
duced in the TRB.

10. After the band is removed, clear adhesive dressing
and InnoSEAL is left in place.

11. Radial site is observed for rebleeding for another
30 min after removal of the TRB.

12. Adhesive dressing and InnoSEAL is removed after
24 hours of the procedure. If the patient remains ad-
mitted, the site is reassessed at 24 hours for RAO and
haematoma. For patients discharging on the same
day, final observation for RAO and haematoma will
be made at the time of TR band removal after leaving
it at zero pressure for 30 min. Same day patients will
be discharged 1 hour after the end of the observation
period.

13. Patients screened positive for RAO will be reassessed
at 6 months.

Standard group (TRB alone)

(Protocol is identical for both diagnostic angiogram and

PCI)

1. The area surrounding the puncture site is cleaned
and dried.

2. The sheath is pulled out 2-3 cm.

3. TRBis applied centred over the puncture site and the
bladder is inflated with 15 cc air to apply pressure.

4. The sheath is now removed.

5. Air is removed gradually leaving at least 10 cc air
provided, there is no oozing. In case of oozing at any
time, 2 cc air is reintroduced and the final amount of
air is recorded. This time is recorded as time of start
of haemostasis protocol.

6. At 90min from the time of haemostasis protocol, 2 cc
air is removed. From then on at every 20 min interval,
further air is removed starting from with maximum
4 cc from the remaining air at first 20min (110 min
from the start of the protocol), followed by maximum
6 cc at 40min and then if still there is remaining air,
maximum 6 cc at every 20min until all the air is re-
moved from the bladder. Total compression time is
recorded.

7. If there is bleeding at any time, 2 cc air is reintro-
duced in the TRB.

8. TRB is left in place at O cc air for further 30 min for
safety and Barbeau’s test is repeated just after TRB
removal.

9. Radial site is further observed for rebleeding, for an-
other 30 min after the removal of the TRB.

10. If the patient remains admitted, the site is reassessed
at 24hours for RAO and haematoma. For patients
discharging on the same day, final observation for
RAO and haematoma will be made at the time of
TRB removal after leaving it at zero pressure for
30 min.

11. Same day patients will be discharged 1 hour after the
end of the observation period.

12. Patients screened positive for RAO will be reassessed
at 6 months.

Patient and public involvement
No patient involved.

Sample size calculation

As per our standard practice of only TRB-based haemo-
stasis, the radial occlusion rate is 9.4% and radial haema-
toma rate is 3.4% (combined event rate of 12.8%).
Through a pilot on 40 patients to devise the protocol
for InnoSEAL +TRB, we determined a combined rate
of 17.7% (RAO: 7.7%, haematoma: 10%). If there is a
true difference in favour of the experimental treatment
of 4.89% (17.7% vs 12.8%), then a total of 648 patients
(324 in each group) are required to be 80% sure that the
upper limit of a one-sided 97.5% CI (or equivalently a
95% two-sided CI) will exclude a difference in favour of
the standard group of more than 3%. If 10% attrition is
considered, then 33 additional patients are required in
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each group, thus 357 patients in each group and a total
of 714 patients.

Study outcome assessment

Primary outcome

It is a combination of RAO and presence of haematoma

of any grade.

1. RAO: radial artery will be defined as occluded if re-
verse Barbeau’s test shows absence of flow on pulse
oximetry just after the removal of the TRB in both
groups. In patients identified to have RAO, findings
will be confirmed using US Duplex using colour flow
with pulse wave imaging within 24 hours of the radial
procedure. US Duplex will be performed during the
index hospital stay.

2. Radial haematoma: radial artery site will be assessed
for presence of haematoma at the end of haemostasis
protocol. Haematoma will be marked if present, and
graded according to categories of I-IV.'” Haematomas
grade II-IV will be considered significant.

Patients who develop these complications will be
managed as per the standard of care in the hospital.
For RAO, usually no intervention is required. Radial
haematoma is also a self-limiting complication and occa-
sionally may need manual compression and milking and
use of sphygmomanometer cuff. After 24 hours of radial
haemostasis, no patient follow-up is involved in the study.

Secondary outcomes

These include:

1. Ease of use: ease of use of InnoSEAL will be assessed
by a system usability scale,ll 5-point Likert scale by the
cath lab personnel who routinely perform postproce-
dure haemostasis. Ease of use is reported as percent-
age acceptability, where 100% means highly acceptable
and vice versa. Ease of use proforma will be filled by
the participating cath lab staffs at the end of the study.
Informed consent will be taken from the cath lab staff.

2. Total compression time: time required from radial
sheath removal to the removal of all the air from TRB.

3. Total observation time: time required from radial
sheath removal to the removal of TRB (included time
for observation at 0 cc for safety purpose).

4. Time to hospital discharge: (for daycare patients only)
time from removal of radial sheath till patient dis-
charge from hospital.

5. Patient discomfort: standard visual pain scale of 1-10
will be used.'? Pain will be assessed after the haemosta-
sis protocol is ended.

Adverse events

Rebleeding at the end of intervention protocol in either
group, that is, bleeding after removal of InnoSEAL
+TRBor TRB will be considered as an adverse event. If
adverse event occurred, it will be recorded and TRB will
be applied at the puncture site and inflated with 2 cc air
or more till no bleeding is observed. Then 2 cc air will
be removed at 20 min, 4 cc at 40 min and 6 cc at 60 min

when needed. After 30 min of 0 air, TRB will be removed
and site will be observed for bleeding. Final observation
will be made after 30 min of removal of TRB. IRB and
funders will be informed about the adverse events in the
final report.

Statistical analysis plan

Data quality will be assured by random checking of 10%
of the weekly data by the study investigators and random
observation of the participant recruitment and live data
collection. Data will be entered in Microsoft Access,
which will have in-built checks (like value ranges and
pop-up for invalid values) to minimise data entry errors.
Means and SD will be reported for continuous data
based on normality assumption along with histograms
and compared using independent student’s t-test. And
frequencies with percentages will be reported for the
categorical variables. The differences between categor-
ical variables will be examined by the x? test and p value
<0.05will be considered significant. Statistical analysis will
be performed using the SPSS V.24.0. For comparison of
baseline characteristics, independent student’s t-test and
x? tests will be used for quantitative and categorical vari-
ables, respectively. x* test will be used to assess primary
composite outcome and its components. Independent
sample t-test will be used for comparison of time inter-
vals. Kruskall Wallis test will be used for significance
testing between ordinal secondary outcomes of ease of
use and patient discomfort. Intention to treat analysis will
be undertaken. If there would be many cross-overs, then
per protocol analysis will also be conducted and results of
both will be compared and discussed.

ETHICS AND DISSEMINATION
Ethical approval will be taken from Institutional Review
Board of THI. Written informed consent will be obtained
from all study participants prior to the enrolment in the
study (online supplemental appendix: consent form).
No personal or clinical information of study partici-
pants will be made public. All study information will be
stored in lock and key and in password-protected software
after data entry. The study will be carried out in compli-
ance with Good Clinical Practice guidelines and all the
study investigators and key members will be IRB certified
to conduct human research. IRB will conduct an inde-
pendent audit of the trial execution as per their policy.
Study findings will be disseminated to the study hospital
staff and intervention arm with favourable results will
be implemented as hospital protocol for radial site
closure after cath lab procedures. The results will also be
published in scientific journals and will be presented in
seminar and conferences.

Contributors SA developed the protocol, estimated sample size and data analysis
plan, AP initially conceived the idea and provided intellectual input to design the
methodology and critically reviewed the protocol. SS drafted the protocol for
publication, is involved in the execution of the trial, as well as the supervision of the
study staff.
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