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ABSTRACT

Puncture site hemorrhage following femoral artery catheterization is a significant cause of morbidity.
The aim of this case-control study was to identify predictors of postprocedural arterial hemorrhage at
the puncture site. We retrospectively reviewed 255 patients who underwent endovascular treatment at our
institution over a 23-month period and classified them into a hemorrhage group and a non-hemorrhage
group. Puncture site hemorrhage occurred in 15 patients (5.9%). Clinical factors associated with a sig-
nificantly increased risk of puncture site bleeding included patients whose postoperative activated clotting
time of 2300 seconds before removal of the sheath (9 patients, 11.8%; P<0.05), those who received triple
antiplatelet therapy (n=4, 17.4%; P<0.05) and the group administered heparin postoperatively (7 patients,
13.2%; P<0.05). The effects of low on-treatment platelet reactivity, i.e., P2Y12 reaction units <95%, sheath
size, hemostasis method used, and operating time were not clinically significant. Our findings suggest an
increased risk of puncture site hemorrhage in patients who either had an activated clotting time 2300
seconds before the postoperative removal of the sheath, had received triple antiplatelet therapy, or were
administered heparin postoperatively.
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ACT: activated clotting time

PRU: P2Y12 reaction units

HPR: high on-treatment platelet reactivity
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INTRODUCTION

Endovascular treatment is becoming an increasingly common type of minimally invasive
surgery worldwide. The most frequent puncture site is the femoral artery. Puncture site hemor-
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rhage following femoral artery catheterization is a significant cause of morbidity, occurring as a
complication in 5%—-10% of patients and leading to potentially fatal pseudoaneurysm requiring
surgical repair in approximately 1.5% of patients with retroperitoneal hematoma.! Correlations
have been found between the risk of puncture site complications and the number of antiplatelet
drugs prescribed and intraoperative heparinization.!

Since the introduction of the Seldinger technique almost half a century ago, the gold standard
for achieving hemostasis after catheterization of the femoral artery has been manual compression.
In recent years, vascular closure devices (VCDs) have been developed and found to have excellent
safety and efficacy in several meta-analyses.>** However, puncture site hemorrhage may still
occur even with bed rest and use of a VCD, and there is no information in the literature on
risk factors for postprocedural bleeding at the puncture site after neuroendovascular treatment via
the femoral artery. The aim of this case-control study was to identify predictors of postoperative
arterial puncture site hemorrhage after neuroendovascular treatment.

MATERIALS AND METHODS

This study was approved by the Institutional Review Board of the Nagoya University Hospital
(#2019-0527).

We retrospectively identified 255 patients who had undergone retrograde transfemoral arterial
puncture during a neuroendovascular procedure at Nagoya University Hospital in the 23 months
from April 2014 to February 2016 (Table 1). Postprocedural puncture site hemorrhage was
defined as arterial bleeding occurring after hemostasis with subsequent formation of hematoma.
Patients with any degree of ooze were excluded. The patients were divided into a hemorrhage

Table 1 Characteristics of puncture site hemorrhage after neuroendovascular treatment

No hemorrhage

Hemorrhage

Parameter Total No. (%) No. (%) P-value
Case 255 240 15
Age (years; median) 68.2 2-85 62.9 57-80 0.310
Sex
Female 135 124 (51.7) 11 (73.3) 0.117
Male 120 116 (48.3) 4 (27.7)
Body mass index (kg/m?; median) 253 22.5 12.0-56.3 22.9 16.2-26.2 0.803
Past medical history
Diabetes mellitus 255 42 (17.5) 1 (6.7) 0.478
Hypertension 255 131 (54.6) 11 (73.3) 0.188
Hyperlipidemia 255 65 (25.5) 6 (40.0) 0.372
Cardiovascular disease 255 29 (12.1) 1(6.7) 1.000
Peripheral vascular disease 255 2 (0.8) 0 (0.0) 1.000
eGFR (ml/min; median) 255 72.1 15.9-133.5 64.2 46.8-105.6 0.209
Contrast agent
Iopamidol 300 213 200 (83.3) 13 (86.7) 1.000
Iohexol 300 6 6 (2.5) 0 (0.0) 1.000
Todixanol 270 36 34 (14.2) 2 (13.3) 1.000
Dose of contrast agents (ml; median) 252 225 75-285 175 25-362 0.102

eGFR: estimated glomerular filtration rate
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group (n=15; 11 male, 4 female, median age 62.9 years) and a non-hemorrhage group (n=240;
124 male, 116 female, median age 68.2 years).

Potential risk factors, including postoperative administration of an anticoagulant, the ACT,
number of antiplatelet agents administered, platelet reactivity, sheath size, hemostasis method
used, and operating time postoperatively were compared between the two groups.

Argatroban or heparin, or a combination, was used as a postoperative anticoagulant. A
comparison was made between the group that was administered heparin and the group that
was not administered heparin postoperatively. Patients in whom ACT was not measured after
administration of protamine sulfate were excluded. The ACT after neuroendovascular treatment
was compared between the non-hemorrhage group (n=229) and the hemorrhage group (n=15).

Platelet function was measured using the VerifyNow assay (Accumetric Inc, San Diego,
CA, USA). Aspirin reaction units (ARU) and P2Y12 reaction units (PRU) were measured
preoperatively. High on-treatment platelet reactivity (HPR) was defined as an ARU of >550 or
a PRU of >213. Patients with HPR received cilostazol 200 mg in addition to dual antiplatelet
therapy. Hemostasis was achieved by manual compression or use of a VCD (6 Fr/7 Fr Exoseal,
Cordis Corporation, Miami Lakes, FL. or 6 Fr/8 Fr Angioseal, Terumo Interventional Systems,
Somerset, NJ).

A multivariate logistic regression analysis was performed on patients whose ACT was >300
seconds before the removal of the sheath after the procedure, on patients who received a triple
antiplatelet therapy, and on the group that was administered heparin postoperatively and had
a sheath size of 7 Fr or more. Difficulties in achieving hemostasis can occur in patients on
anticoagulant or antiplatelet therapy when using large-bore sheaths.'® Therefore, the sheath size
is subjected to a multivariate logistic regression analysis.

Categorical variables were evaluated using Fisher's exact test and continuous variables by the
Mann-Whitney test. Multivariate logistic regression analysis was performed. A p-value <0.05 was
considered statistically significant. The statistical analysis was performed using EZR (Saitama
Medical Center, Jichi Medical University, Saitama, Japan, version 1.35), which is a graphical
interface to R (The R Foundation for Statistical Computing, Vienna, Austria).

RESULTS

The postprocedural puncture site hemorrhage occurred in 15 (5.9%) of the 255 patients. There
were no significant differences in age, gender, body mass index, diabetes mellitus, hypertension,
cardiovascular disease, peripheral vascular disease, renal function, and contrast agent between no
hemorrhage group and hemorrhage group. The number of heparinized cases were 12 for single
agent and 41 for combined use with argatroban (Table 1). The patients who received heparin
postoperatively had significantly more bleeding than those who were not administered heparin
(13.2% vs 4.0%; p<0.05). The patients with an ACT of 2300 seconds before post-procedural
sheath removal had significantly more bleeding than those with an ACT of < 300 (11.8% vs
3.6%; p<0.05). There was also a significant difference in bleeding risk between patients who
received triple antiplatelet agents and those who received less than two antiplatelet agents (17.4%
vs 4.7%; p<0.05) (Table 2 and Table 3). There was no significant difference in the bleeding
risk according to clinical characteristics, including a PRU <95, sheath size, hemostasis method
used, or operating time (Table 2).

A multivariate analysis was performed when an ACT was 2300 seconds before postprocedural
sheath removal, the group was administered heparin postoperatively, when patients were admin-
istered triple antiplatelet agents, and when patients had a sheath size of 7 Fr or more. An ACT
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Table 2 Predictors of puncture site hemorrhage after neuroendovascular treatment

No hemorrhage Hemorrhage
Parameter Total No. (%) No. (%) P-value
Postoperative anticoagulant therapy
Yes 145 135 (93.1) 10 (6.9) 0.583
Heparin 53 46 (86.8) 7 (13.2) 0.019
Argatroban 133 124 (94.0) 8 (6.0) 0.268
No 110 105 (95.5) 5 4.5)
Postoperative activated clotting time
300 < 76 67 (88.2) 9 (11.8) 0.018
300 > 168 162 (96.4) 6 (3.6)
No of antiplatelet agent
3 23 19 (82.6) 4 (17.4) 0.036
2 129 121 (93.8) 8 (6.2) 1.000
1 36 35 (97.2) 1 (2.8) 0.702
0 67 65 (97.0) 2 (3.0 0.367
P2Y12 reaction units
95 < 108 99 (92.4) 9 (7.6) 0.523
95 > 38 34 (89.5) 4 (10.5)
Sheath size
9 Fr 21 19 (90.5) 2 (9.5) 1.000
8 Fr 27 25 (92.6) 2 (7.4) 0.546
7 Fr 11 9 (81.8) 2 (18.2) 0.132
7 Fr > 196 187 (95.4) 9 (5.6) 0.599
Method of hemostasis
Manual compression 23 21 (92.3) 2 (8.7) 0.633
Hemostasis device
7 Fr Exoseal 10 10 (100.0) 0 (0.0) 1.000
6 Fr Exoseal 68 66 (97.1) 2 (2.9) 0.367
8 Fr Angioseal 99 90 (90.9) 9 (9.1) 0.101
6 Fr Angioseal 55 53 (96.4) 2 (3.6) 0.536
Off-label use of a hemostasis device
8 Fr Angioseal
On-label 71 74 (91.3) 7 (8.7) 0.634
Off-label 19 17 (90.5) 2 (9.5
7 Fr Exoseal
On-label 9 9 (100.0) 0 (0.0)
Off-label 1 1 (100.0) 0 (0.0)
Procedure time (min)
301 < 29 27 (93.1) 2 (6.9) 0.685
181-300 81 73 (90.1) 8 (9.9 0.135
180 > 143 138 (96.5) 5 (3.5) 0.104

of 2300 seconds before post-procedural sheath removal and the group that was administered
heparin postoperatively were identified to be independent risk factors for postprocedural arterial
puncture site hemorrhage (Table 3).

Rates of bleeding in patients with cerebral aneurysm who underwent balloon-assisted coil
embolization (5 cases, 10.9%) or stent-assisted coil embolization (4 cases, 11.1%) were high while
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Table 3 Predictors of puncture site hemorrhage after neuroendovascular treatment

Parameter Total No Hemorrhage  Hemorrhage P-value
No. (%) No. (%) Invariable =~ Multivariable
Postoperative heparin use
Yes 53 46 (86.8) 7 (13.2) 0.020 0.047
No 202 194 (96.0) 8 (4.0
Activated clotting time
300 < 76 67 (88.2) 9 (11.8) 0.020 0.024
300 > 179 161 (96.4) 6 (3.6)
No of Antiplatelet therapy
3drugs 23 19 (92.6) 4 (17.4) 0.036 0.159
2drugs > 232 221 (95.3) 11 4.7)
Sheath size
7 Fr < 59 53 (89.8) 6 (10.2) 0.121 0.286
7 Fr > 196 185 (94.4) 11 (5.6)

Table 4 Neuroendovascular treatment and frequency of postprocedural puncture site hemorrhage

No hemorrhage Hemorrhage
Parameter Total No. (%) No. (%)
Treatment
Aneurysm coil embolization
Simple technique 25 24 (96.0) 1 (4.0)
Balloon-assisted technique 46 41 (89.1) 5 (10.9)
Stent-assisted technique 36 32 (88.9) 4 (11.1)
Double catheter technique 20 19 (7.9) 1 (6.7)
Balloon and double catheter technique 4 4 (100.0) 0 (0.0)
Stent and balloon-assisted technique 4 3 (75.0) 1 (25.0)
Internal trapping 3 3 (100.0) 0 (0.0)
Carotid artery stenting 47 46 (97.9) 121
Intracranial PTA 4 4 (100.0) 0 (0.0)
Extracranial PTA 4 4 (100.0) 0 (0.0)
Thrombectomy 1 1 (100.0) 0 (0.0)
Arteriovenous malformation
TAE 11 11 (100.0) 0 (0.0)
Dural arteriovenous fistula
TAE 15 13 (86.7) 2 (13.3)
TVE 15 15 (100.0) 0 (0.0)
TAE and TVE 4 4 (100.0) 0 (0.0)
Spinal arteriovenous malformation
TAE 4 4 (100.0) 0 (0.0)
Tumor embolization 12 12 (100.0) 0 (0.0)
Operation
Schedule 252 237 (94.0) 15 (6.0)
Emergency 3 3 (100.0) 0 (0.0)

PTA: percutaneous transluminal angioplasty
TAE: transarterial embolization
TVE: transvenous embolization



130

Yosuke Tamari et al

those in patients who underwent simple technique coil embolization (1 case, 4.0%) or carotid
artery stenting (1 case, 2.1%) were low. The postoperative arterial puncture site hemorrhage rate
was not statistically significant after neurovascular treatment (Table 4).

DISCUSSION

Bleeding complication rates reported in the literature range from 0.63% to 9.7%.%7 Risk factors
identified in patients with acute myocardial infarction include old age, female sex, underweight,
renal dysfunction, large sheath size, and use of a VCD.*® The dose and duration of anticoagulants
are related factors, and it has been reported that there are fewer bleeding complications after
administration of low molecular weight heparin than after use of unfractionated heparin.’

Bleeding as a complication of neuroendovascular therapy has not been well described in the
literature. Sato et al investigated the incidence of access site complications, which was higher
in patients who underwent intraoperative heparinization and were prescribed multiple antiplatelet
agents preoperatively.! In that study, the incidence of postprocedural arterial puncture site hemor-
rhage was 5.9%, which is the same as in this present report.

In the present study, the bleeding risk was significantly higher when the ACT was 2300
seconds before removal of the sheath after the procedure. In the 7F ECLIPSE study, which
examined safety and effectiveness of the Exoseal vascular closure device, considered an ACT
of >300 seconds before removal of the sheath after the procedure as an exclusion criteria.* The
package insert of Exoseal is stated that safety is not established. Intraoperative heparinization is
necessary for prevention of intraoperative thromboembolism. Therefore, an ACT of 2300 seconds
before removal of the sheath could indicate a need for intervention to prevent bleeding at the
puncture site.

Combined antiplatelet therapy is recommended for carotid artery stenting and coil emboliza-
tion of cerebral aneurysm to prevent perioperative ischemic complications.!!® Dual antiplatelet
therapy has a significant ability to reduce ischemic complications without an increase in bleeding
complications.'® Hwang et al reported that triple antiplatelet therapy in patients with HPR could
lead to oozing at the femoral puncture site or a local groin hematoma without any serious
bleeding complications.'*!> In the present study, the bleeding rate increased as the number of
antiplatelet agents administered increased, with a significant difference in the risk of bleeding
between patients who received triple antiplatelet treatment and those who received less than
two antiplatelet agents. Multivariate analysis did not identify a significant increase in bleeding
complications in patients who received triple antiplatelet therapy. The ADAPT-DES study found
that a low on-treatment platelet reactivity, i.e., a PRU <95%, was associated with a significantly
increased risk of bleeding.!® However, in the present study, there was no significant increase in
postprocedural arterial puncture site hemorrhage in patients with a PRU <95%. The hemorrhagic
complication in the ADAPT-DES study was defined as a drop in hemoglobin of > 3 g/dl, need
for transfusion, bleeding requiring surgery, or retroperitoneal bleeding. This definition is seemed
to include the more cases with intraoperative failure, such as vascular perforation or dissection.
In contrast, our study excluded hemorrhage at the intraoperative puncture site and focus on risk
factors without technical failure. This difference may affect the association between LPR and
bleeding event.

In the present study, there was a significant increase in the bleeding rate in patients who
were administered heparin postoperatively. However, Enomoto et al showed that the rate of
groin site complications from neuroendovascular therapy was similar between patients treated
with postoperative anticoagulant therapy and those who were not (0.7% vs 0.6%, p=0.483). The
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hemorrhagic complication rate was also significantly lower in patients who received heparin
after neuroendovascular treatment. And the author speculated that postoperative use of heparin
may depend on the onset of hemorrhagic or ischemic complications intraoperatively.'” This study
excluded intraoperative puncture site complications. The previous study is different from this
study in regard to this definition. It is considered that this study may more accurately reflect
the effects of postoperative heparin use. Heparin is an anticoagulant with antithrombin activity;
therefore, interpatient variability is wide and it is difficult to accurately predict the response to an
anticoagulant dose.'® In contrast, argatroban is a synthetic direct thrombin inhibitor derived from
L-arginine'® that has been reported to achieve a dose-related steady-state effect within 2 hours
of injection.'”® In the present study, there was no increase in the postoperative arterial puncture
site hemorrhage rate in patients who received argatroban. When using heparin, it is necessary
to confirm an ACT of < 300 seconds before removing the sheath after the procedure and to
routinely monitor coagulation ability in the perioperative period. If these cannot be performed,
argatroban may be considered as postoperative anticoagulant therapy.

We found that the rate of the postprocedural arterial puncture site hemorrhage was not statisti-
cally significant in sheath size. In recent studies, the puncture site complication rate when a VCD
was used was not significantly different from that when manual compression was used.>*>® In this
study, there was no significant difference in bleeding risk according to whether a VCD (Angioseal
or Exoseal) or manual compression was used. An 8 Fr Angioseal and 7 Fr Exoseal could be
used when the sheath is larger than the recommended size. There were no significant differences
between use with and without adaptation. Finally, in these series, the hemostasis method used
was not considered to affect the risk of the postprocedural arterial puncture site hemorrhage.

Sato et al reported that the postprocedural puncture site hemorrhage was common with
carotid artery stenting and percutaneous transluminal angioplasty' and attributed this finding
to intraoperative heparinization, preoperative administration of multiple antiplatelet agents, and
large sheath size.! Although not statistically significant, rates of bleeding with balloon-assisted
coil embolization for cerebral aneurysms (5 cases, 10.9%) or stent-assisted coil embolization (4
cases, 11.1%) were high while those of simple technique coil embolization (1 case, 4.0%) or
carotid artery stenting (1 case, 2.1%) were low in this study. These findings could be explained
by the intraoperative ACT being >300 seconds and postoperative administration of heparin in
the stent-assisted coil embolization group and inclusion of 2 of 3 patients in whom hemostasis
was unsuccessful in the balloon-assisted coil embolization group. The bleeding rate was low
when carotid artery stenting and simple coil embolization were performed because heparin was
not administered postoperatively.

In the previous study with acute myocardial infarction, the old age, female sex, underweight
and renal dysfunction were significantly increased bleeding.®® In contrast, Nishi et al found
that major bleeds were not associated with advanced age, sex, or low body surface area.* In
this study, age, female sex and body mass index were not associated with an increased risk of
postprocedural arterial puncture site hemorrhage. In our series, if arteriosclerosis or small vessel
size was observed at the puncture site on the preoperative CT scan, we changed the puncture
site or reduce the sheath size in order to prevent puncture site complications. Renal dysfunction
affects the pharmacokinetics of heparin because heparin is renally excreted. Moscucci et al
found that this was associated with an increased risk of major bleeding.” In this study, estimated
glomerular filtration rate was sometimes low in the hemorrhagic group, but the difference did
not achieve statistical significance. Rate of major bleeding in postprocedural arterial puncture
hemorrhage was low, therefore renal dysfunction may not be associated with the postprocedural
puncture site hemorrhage.

As for the limitations of this study, since it is a retrospective study, there is a lack of standard-
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ized protocols. First, the duration and dose of the anticoagulant therapy of each patient in the
same group was not strictly identical. Second, the data were based on our medical records, so
several important piece of information on bleeding could have been omitted. Third, the bleeding
complications in the single center were few and limited statistical analysis. Finally, we excluded
the patients in whom initial hemostasis had failed, since we examined risk factor of late-onset
puncture site hemorrhage.

CONCLUSION

This study investigated the risk factors for puncture site hemorrhage after neuroendovascular
therapy. The risk of puncture site hemorrhage was higher in patients whose ACT was 2300 sec-
onds before removal of the sheath after the procedure, in those who received a triple antiplatelet
therapy, and in the group that was administered heparin postoperatively.
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