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ABSTRACT

Objectives: Access site complications (ASC) remain important and common adverse events after coronary
angiography. The aim of this study was to evaluate the frequency and predictors of ASC in patients undergoing
diagnostic coronary angiography (DCA) via the femoral artery.

Methods: In this prospective analytical cross sectional study, DCA was performed in 3972 patients by
transfemoral approach. The femoral access site hemostasis was obtained by manual compression in all patients.
Demographic characteristics of the patients, size of the arterial sheaths, duration of compression time, patients
blood pressure, medications, hemoglobin and platelet levels were recorded. All patients were evaluated for
ASC (pseudoaneurysm, bleeding, dissection, hematoma). The ASC rate was calculated and ASC predictors
were determined by multivariate analysis.

Results: The ASC rate was 1.3% (53 of 3972 patients). The complications were more frequent in female
(female: 29 of 53 [54.7%] vs male: 24 of 53 [45.3%]; p = 0.007) and chronic renal failure (CRF) patients (103
0f 3919 [2.6%] vs 4 of 53 [7.5%]; p = 0.02). Hemoglobin level was lower (13.40 = 1.73 vs 12.86 £ 1.75; p =
0.02) and manual compression time was longer (9.19 + 3.28 min vs 14.53 + 6.47 min; p < 0.001) in the ASC
group. Clopidogrel (188 of 3919 [4.8%] vs 7 of 53 [13.2%]; p = 0.005) and low molecular weight heparin
(LMWH) using were more frequent (37 of 3919 [0.9%] vs 7 of 53 [13.2%]; p < 0.001) in the ASC group.
According to multivariate analysis; female gender; OR: 2.13, 95% CI: 1.14-3.99 (»p = 0.017), presence of CRF;
OR: 3.15,95% CI: 1.06-9.29 (p = 0.038), manual compression time; OR: 1.23, 95% CI: 1.17-1.30 (p < 0.001)
and LMWH using; OR: 15.68, 95% CI: 6.05-40.61 (p < 0.001) were predictors of ASC.

Conclusions: The incidence of femoral ASC rate was 1.3% in patients with DCA. Female gender, presence of
CRF, using LMWH and long manual compression time were predictors of ASC.
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ver decades, percutaneous coronary angiography aneurysm, pseudoaneurysms, infection, injury to other

has been standard diagnostic strategy for coro-
nary artery disease [1]. Access site complications
(ACSs) after diagnostic coronary angiography (DCA)
include local site and retroperitoneal hematomas, sig-
nificant bleeding, peripheral embolization, dissection,

local structures and arteriovenous fistulas [2, 3]. The
common femoral artery has long been the access site
for performing coronary angiography and angioplasty.
The vascular complication or bleeding risk associated
with the transfemoral approach (TFA) is reported up
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to 10% [4, 5]. The use of the transradial approach
(TRA) is nowadays more widespread and the interna-
tional guidelines have recommended radial access as
a preferred approach in patients with high bleeding
risk. Nevertheless, the radial access takes longer pro-
cedural time, with higher radiation exposure and cost
than TFA. And also, the use of vascular closure device
(VCD) for TFA has increased dramatically. The effi-
cacy of achieving hemostasis with VCD seems similar
to traditional manual compression [6]. The use of
VCD for TFA, results with procedural cost increases.
Additionally, the use of these devices is not without
complications [7, 8].

The aim of this study was to identify incidence
and predictors of ASCs with TFA and to determine
the patients group who will have ASCs with TFA, dur-
ing DCA.

METHODS

Study Design and Patients

A total of 3972 consecutive patients who under-
went elective DCA by TFA over a one—year period
(2015 to 2017) were enrolled in to this prospective
analytical cross sectional study. The study protocol
was approved by the local ethics committee. All the
patients provided written informed consent. Exclusion
criteria included severe sepsis, local site infection
(femoral site), previous contrast allergy, severe intrin-
sic/iatrogenic coagulopathy (INR > 2), patients DCA
performed by TFA in last four week and peripheral
vascular disease (iliofemoral disease). Patients who
were treated with low molecular weight heparin
(LMWH) within the last 12 hours were excluded from
the study. Acute coronary syndrome patients, the
patients who had planned to undergo ad-hoc percuta-
neous coronary intervention (PCI) were also excluded.
No patient was excluded due to possible femoral com-
plications (obecity, etc).

Each patient was interviewed and examined by a
physician before the DCA. The clinical variables
included patients’ age, sex, body mass index (BMI),
presence or absence of hypertension, diabetes mellitus
and chronic renal failure (CRF), medications, number
of intervention, blood pressure level, and hemoglobin
and platelet levels were recorded. The procedural

parameters included the size of the arterial sheaths, the
peri- or post-procedural use of antiplatelet and antico-
agulant, and the duration of compression time after
sheath removal were also recorded.

Patients whose systolic blood pressure (SBP) >
140 mmHg, or whose diastolic blood pressure (DBP)
> 90 mmHg and patients who use anti-hypertensive
medication were accepted as hypertension. Patients
were defined as diabetic if fasting blood glucose level
was > 126 mg/dL blood on two consecutive measure-
ments or if they used oral antidiabetics/insiilin.
Patients with an estimated glomerular filtration rate
(eGFR) of < 15 ml/min/1.73 m2, or who require
hemodialysis or peritoneal dialysis treatment were
defined as in CRF. eGFR was calculated with Cock-
croft-Gault formula; [(140-age) x body weight (kg)] /
[72 % serum creatinine] (if women x 0.85) [9].

Coronary Angiography Procedure

All procedures have been performed by 6 experi-
enced (operator with annual volumes of > 75 PCI
procedures) cardiologist at our institution. Either 6F
or 7F sheaths were introduced into the femoral artery
by using standard modified Seldinger technique. After
the procedure, the femoral sheath was removed in the
catheter lab. Access site hemostasis was achieved by
manual compression in all patients by experienced
cath lab staff. Manual compression interval was
defined as the time between sheath removal to hemo-
stasis. A sand bag has been applied for 6 hours over
access site after hemostasis and patients were fol-
lowed for occurrence any acute complications at the
Cardiology ward. VCD was not used in any patient.
No patient was required to switch from TFA to TRA.
Access sites was also checked before discharge by
performing physician. Vascular Doppler evaluation
was performed for patients with suspected ASCs. Both
index in-hospital data and post-procedural 2nd week
outpatient visit data regarding ASCs were recorded in
all patients.

Study Outcomes

The primary endpoint was the occurring of major
ASCs. The major ASCs were defined as presence of
groin hematoma > 10 cm in diameter, aneurysm or
pseudoaneurysm, arteriovenous fistula, significant
bleeding, dissection and retroperitoneal hemorrhage.
Significant bleeding was defined as blood loss with a
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>3 g/dl drop in hemoglobin or a 10% decrease in
hematocrit [10]. Aneurysm, pseudoaneurysm and arte-
riovenous fistula were diagnosed by vascular Doppler
ultrasound evaluation. Dissection was diagnosed by
conventional angiographic evaluation. Retroperitoneal
hemorrhage was diagnosed by computed tomography.

Statistical Analysis

The data were analyzed using the SPSS 10.0 sta-
tistics package (SPSS Inc., Chicago, Ill, USA).
Continuous variables are reported as means + standard
deviation and categorical variables are reported as per-
centages. Student’s t test was used for comparison of
normal distributed variables and Mann-Whitney U test
was used for non-normally distributed variables. Cat-
egorical variables were compared by the Chi-Square
test or Fisher’s exact test as appropriate. Univariate

and multivariate logistic regression analyses were
used to determine significant predictors of ASCs. The
sensitivity and specificity of compression time of after
sheath removal to predict ASCs was analyzed by
receiver operating characteristic (ROC) analysis. P
values less than 0.05 were considered significant.

RESULTS

Access site complications were observed in a total
of 53 (1.3%) patients. The baseline demographic,
hematologic, access site characteristics and anticoag-
ulant and antithrombotic medications of the patients
with and without ASC were represented in table 1.

The female gender, presence of CRF, clopidogrel
use and low molecular weight heparin (LMWH) use

Table 1. Baseline characteristics of the study patients

Group 1 Group 2 p value
(n=3919) (n=53)
Age (years) 59.57+11.90 57.47+11.34 0.20
Gender, n (%) 0.007
Male 2482 (63.3) 24 (45.3)
Female 1437 (36.7) 29 (54.7)
BMI (kg/m?) 28.44 + 4.84 28.10 +4.89 0.61
Hypertension, n (%) 1982 (50.6) 28 (52.8) 0.74
Diabetes Mellitus, n (%) 1172 (29.9) 17 (32.1) 0.73
CRF, n (%) 103 (2.6) 4 (7.5) 0.02
Systolic blood pressure (mmHg) 141.78 £22.55 143.07 £ 23.13 0.68
Diastolic blood pressure (mmHg) 80.28 +11.43 79.61 + 14.13 0.67
Hemoglobin (gr/dl) 13.40+1.73 12.86 £ 1.75 0.02
Platelet (x 10°/ul) 248.04 +75.17 236.67 + 53.46 0.27
Manual compression time (min) 9.19+3.28 14.53 + 6.47 <0.001
Sheath Size, n (%) 0.36
6F 3858 (98.4) (100)
7F 61 (1.6) -
Medication, n (%)
Aspirin 1881 (48) 28 (52.8) 0.48
Clopidogrel 188 (4.8) 7(13.2) 0.005
LMWH 37 (0.9) 7(13.2) <0.001

BMI = Body mass index, CRF = Chronic renal failure, LMWH = Low molecular weight heparin. Analyses were
performed using Student’s t-test or Mann—Whitney U test for between-group comparisons. Categorical variables were

compared with Chi-Square or Fisher’s exact test.
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Table 2. Univariate and multivariate predictors of the access site complication

Univariate Analysis

Multivariate Analysis

OR (95% CI) p value OR (95% CI) p value
Age 0.98 (0.96-1.008) 0.19
Gender, female 2.08 (1.21-3.59) 0.008 2.13 (1.14-3.99) 0.017
BMI 0.98 (0.92-1.04) 0.61
Hypertension 0.91 (0.53-1.57) 0.74
Diabetes mellitus 0.90 (0.50-1.61) 0.73
CRF 3.02 (1.07-8.53) 0.03 3.15(1.06-9.29) 0.038
Systolic blood pressure 1.003 (0.99-1.01) 0.68
Diastolic blood pressure 0.99 (0.97-1.01) 0.67
Hemoglobin 0.85 (0.74-0.98) 0.02 0.94 (0.79-1.11) 0.47
Platelet 0.99 (0.99-1.002) 0.25
Manual compression time 1.23 (1.17-1.29) <0.001 1.23 (1.17-1.30) <0.001
Aspirin 1.21 (0.70 — 2.08) 0.48
Clopidogrel 3.02 (1.34-6.77) 0.007 2.00 (0.79-5.08) 0.14
LMWH 15.96 (6.76-37.67) <0.001 15.68 (6.05-40.61) <0.001
Number of intervention 1 1.03 (0.59-1.81) 0.90
versus > c2

BMI = Body mass index, CRF = Chronic renal failure, LMWH = Low molecular weight heparin. The access site complication
predictors were determined with univariate and multivariate logistic regression analysis.

were found more frequent in ASC group. The hemo-
globin level was lower and manual compression time
was longer in the ASC group (Table 1). The ASCs rate
were more frequent in female patients (ASC rate;
male: 1% [24 / 2507] vs female: 1.7% [25 / 1465], p
=0.03). Sheath sizes were similar in male and female
patients (female; 7F / 6F: 19 [1.3%] / 1446 [98.7%] vs
male; 7F / 6F: 42 [1.7%] / 2465 [98.3%], p = 0.34).

In univariate logistic regression analysis female
gender, presence of CRF, low hemoglobin level, use
of clopidogrel and LMWH, longer manual compres-
sion time were found as predictors of ASCs (Table 2).
According to multivariate logistic regression analysis
female gender; OR: 2.13, 95% CI: 1.14-3.99 (p =
0.017), presence of CRF; OR: 3.15, 95% CI: 1.06-
9.29 (p = 0.038), use of LMWH; OR: 15.68, 95% CI:
6.05-40.61 (p <0.001) and manual compression time;
OR: 1.23,95% CI: 1.17-1.30 (p < 0.001) were predic-
tors of ASC (Table 2).

A ROC analysis was performed to assess the pre-
dictive power of the manual compression time for
ASCs. The area under the curve was calculated 0.76

and longer manual compression time was related with
ASC (p<0.001) (Fig. 1). According to ROC analysis,
longer than 10.5 minutes manual compression time
had 62% sensitivity and 82% specificity for ASCs.

The distribution of 53 ASCs were; 6 pseudoa-
neurysm, 2 bleeding (> 3 g/dl drop in hemoglobin), 2
dissection and 43 hematoma (hematoma > 10 cm in
diameter). Three pseudo-aneurysm and 3 big
hematomas were treated by surgery, the remaining 3
pseudoaneurysm and 40 hematomas were treated by
manual compression. Two dissection were treated
conservatively, the 2 bleeding (one of them was
retroperitoneal bleeding, the other patient bleed out of
the groin because sand bag was not correct position)
were treated with blood transfusion.

DISCUSSION

The principal findings of the present study are as
follows: 1) the femoral ASC rate was 1.3%, 2) female
gender, presence of CRF, LMWH using and longer
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Fig. 1. ROC analysis between the manual compression time and access site complication.

manual compression time were predictors of femoral
ASC.

ASC remains an important and common adverse
events after DCA and could be concluded with
increased risk of morbidity, prolonged duration of hos-
pitalization and procedural costs. In recent years,
catheter technologies have improved. So that ASC rate
may become lower. According to these knowledge, we
decided to assess femoral ASC rate and determine the
predictors of ASC after DCA in our experience. In our
population (3972 consecutive patients) we performed
DCA via TFA, the incidence of ASC rate was 1.3 %.
The incidence of ASC rate was consistent with recent
studies. While 7-8 F catheters were used in the 1980s,
DCA can now be performed using 5-6 F catheters
[11]. Over the years, the operator experience has
increased, and we enrolled the study only DCA
patients. Because of these factors the ASC rate was as
low as 1.3%.

In the RIVAL trial, major vascular access compli-
cation rate was 3.7 % in the femoral group [12].
However, the RIVAL study population consisted of
patients with acute coronary syndrome. The study

population was treated with anticoagulant and antia-
gregan agent. In an other study of acute coronary
syndrome, the incidence of entry site complications
were found 7.5% [13]. The ASC rate was nearly 5%,
pseudoaneurysm and hematoma >5 cm were seen in
1% and 1.5% rate respectively [13]. Low rates of ASC
in our study compared to the acute coronary syndrome
trials could be explained with study population and
medication differences (antiagregan and anticoagulant
treatment). Our study population consisted with only
DCA patients.

The previous studies demonstrated that risk fac-
tors for femoral access complications include female
gender, over- and underweight, older age, uncon-
trolled hypertension, previous catheterization at the
same site, high level of anticoagulation, larger arterial
sheaths, renal failure, concomitant venous sheath, pro-
longed sheath duration time [14, 15]. Yatskar et al.
[16] also showed similar results in their study female
sex, concomitant renal disease were significantly asso-
ciated with access site hematoma requiring
transfusion. The incidence of hematoma requiring
transfusion was 1.8% and also they found that glyco-
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protein IIb/I11a inhibitors, thrombolytic therapy, and
post procedure heparin were more commonly used in
hematoma requiring transfusion patients [17]. And
also, in our study we demonstrated that the incidence
of ASC was related with female gender, CRF, LMWH
using and long manual compression time.

In this study we showed that patients who have
impaired renal function could tend to be at increased
risk of ASC and most of study results were consistent
with our study [17, 18]. In renal insufficiency patients,
the complications such as hematomas and pseudo
aneurysms could be seen more frequently because the
hemostatic functions are impaired. The cause of the
hemorrhage is platelet dysfunction due to guanidine
succinic acid accumulation. This substance causes
platelet factor 3 release, platelet adherence and aggre-
gation disorders, and thereby prolonging bleeding
time. Likewise the ASC rate was higher with LMWH
using, because of the anticoagulant effect.

Female gender was related with higher incidence
of ASC, previous studies showed that female gender
was an independent predictor of ASC [19, 20]. The
differences with gender could be explained with the
ratio of sheath size to access artery. The female
patients femoral artery are smaller than male patients
[21]. The sheath size is an independent predictor of
ASC. We use the same size sheath in female and male
patients but the ratio of sheath size to access artery is
should be higher in female group than male group.
The next studies could evaluate the access site femoral
artery size to sheath ratio.

Manual compression time is related with the vas-
cular hemostasis of the access site. Anatomical
features of access site and coagulation features of the
patients are directly affect the vascular hemostasis of
the access site. Longer hemostasis time need longer
manual compression. The ASC rate is increase with
delayed hemostasis. Repeated interventions in the
same region may alter the anatomical characteristics
of that region, resulting in delayed vascular hemosta-
sis and increased risk of complications. As a result,
our study is the first study, showing that manual com-
pression time is a predictor of ASC. Patients who need
long compression times to achieve hemostasis can be
followed up more carefully and complications could
be prevent.

There are different methods to achieve vascular
hemostasis after DCA. These methods have not supe-

riority to each other. Previous studies showed that
manual compression as effective as mechanical com-
pression for achieving hemostasis and there is no real
improvement in clinical outcomes with vascular clo-
sure devices when compared with manual
compression [22, 23]. The latest trial (The SAFARI-
STEMI trial) failed to show that radial access was
superior to femoral access in primary PCI [24]. How-
ever this is a randomized trial in selected patients trial
(female gender, CRF, anticoagulant using) may found
superiority of the radial access.

ASC 1is also related to anatomic risk factors
include blind puncture of femoral artery, vessel calci-
fication, placement of venous sheath [22]. Anatomic
risk factors could be modified to reduce the risk of
complications by using ultrasound scan or fluoroscopy
to aid in the optimal puncture site.

Limitations

First; our study population include only DCA
patients so that we cannot have data about the percu-
taneous coronary intervention patients. Second; this
study is a single center study and include only one
operator team. Third we have not got femoral artery
anatomical features, like as femoral artery size and
calcification in our study population. Fourth, we used
6F sheath for DCA nearly all patients, therefore we do
not have data about smaller and larger size sheath.

CONCLUSION

Incidence of ASC related to DCA in our study was
found to be similar to data throughout the world and
as low as 1,3%. Female gender, presence of CRF,
LMWH using and long manual compression time
were independent predictors of ASC. Operators
should perform TRA or use vascular closure devices,
in patients who had these risk factors to reduce ASC
rate.
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