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Abstract

Introduction: For many years femoral access was the preferred approach in interventional cardiology. Still, due to its large
size, which allows for the use of larger catheters, the femoral artery remains the preferred access for many procedures. Femo-
ral pseudoaneurysms are the most common and most severe complication of this access.

Aim of the research: To evaluate haemorrhagic complications of femoral pseudoaneurysms induced by interventional car-
diology procedures.

Material and methods: From the patients treated with percutaneous intervention between 2006 and 2022 in the Second De-
partment of Cardiology, Swietokrzyskie Cardiology Centre, Kielce, Poland, we registered and analysed 621 cases of femoral
pseudoaneurysms. Of these patients, 537 had their haemoglobin tested before and after the procedure, and they constitute
the population thoroughly analysed in the study.

Results and conclusions: The occurrence of a pseudoaneurysm statistically significantly increased the chance of any de-
crease in haemoglobin (HGB) (OR = 3.26, 95% CI: 2.26-4.7, p < 0.0001), as well as a decrease in HGB by more than one
unit (OR = 6.34, 95% CI: 4.87-8.26, p < 0.0001), a decrease in HGB by more than 2 units (OR = 7.54, 95% CI: 5.18-10.96,
p <0.0001), or a decrease in HGB by more than 3 units (OR = 20.31, 95% CI: 9.35-44.1, p < 0.0001). Among patients who had
any decrease in HGB after the procedure, significantly greater average decreases were observed in the group of patients with
a pseudoaneurysm. Men were significantly more likely to be anaemic before the procedure. Among the patients with femoral
pseudoaneurysm whose HGB levels dropped the most after percutaneous intervention, STEMI was the most common pri-
mary condition. The occurrence of a pseudoaneurysm significantly increased the risk of anaemia.

Streszczenie

Wprowadzenie: Przez ostatnie dekady tetnica udowa byla powszechnie stosowanym dostepem w zabiegach kardiolo-
gii inwazyjnej. Jej rozmiar, a takze mozliwo$¢ uzycia wiekszych cewnikéw powoduja, ze nadal pozostaje preferowanym
dostepem dla wybranych procedur. Najczestszym i najciezszym powiklaniem naktucia tetnicy udowej jest tetniak rzekomy.
Cel pracy: Ocena powiktan krwotocznych zwiazanych z tetniakami rzekomymi tetnicy udowej.

Material i metody: Wéréd pacjentéw po zabiegach kardiologii inwazyjnej w latach 2006-2022 w II Klinice Kardiologii
Swietokrzyskiego Centrum Kardiologii w Kielcach stwierdzono 621 przypadkéw tetnicy udowej powiktanej tetniakiem
rzekomym. Populacje szczegétowo analizowana w prezentowanym badaniu stanowi grupa 537 pacjentéw, ktérzy mieli
zbadane stezenie hemoglobiny przed zabiegiem i po zabiegu.

Wyniki i wnioski: Wystapienie tetniaka rzekomego istotnie zwigkszato ryzyko jakiegokolwiek zmniejszenia stezenia he-
moglobiny (HGB) (OR = 3,26, 95% CI: 2,26-4,7, p < 0,0001), a takze redukcji HGB o wiecej niz jedna jednostka (OR = 6,34,
95% CI: 4,87-8,26, p < 0,0001), zmniejszenia HGB o wiecej niz 2 jednostki (OR = 7,54, 95% CI: 5,18-10,96, p < 0,0001) lub
redukcji HGB o wiecej niz 3 jednostki (OR = 20,31, 95% CI: 9,35-44,1, p < 0,0001). Wsréd pacjentéw, u ktérych po zabiegu
stwierdzono jakiekolwiek zmniejszenie HGB, istotnie wigksze $rednie spadki zaobserwowano u pacjentéw z tetniakiem rze-
komym. Mezczyzni znacznie cze$ciej mieli anemie przed zabiegiem. Zawatl serca z uniesieniem odcinka ST byt najczestszym
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schorzeniem wsréd pacjentéw z tetniakiem rzekomym i najwieksza anemizacja. Wystapienie tetniaka rzekomego istotnie

zwiekszalo ryzyko wystgpienia anemii.

Introduction

For many years femoral access was the preferred
approach in interventional cardiology. Due to its
large size, which allows for the use of larger catheters,
the femoral artery remains the preferred access for
many procedures such as transcatheter aortic valve
replacement (TAVI) or high-risk percutaneous coro-
nary interventions (PCI). However, during routine
coronary angiography and angioplasty, a transra-
dial (TR) approach significantly decreases the chance
of cardiac-death, bleeding, and haematoma formation
[1, 2] and is widely preferred over the femoral one
[2—4]. It is also worth noting that during the proce-
dure, conversion from radial to femoral access may oc-
cur, e.g. due to catheterization failure because of ana-
tomical factors, as well as the need to use a specific
technique of angioplasty. Moreover, operator prefer-
ences and skills also play a major role in the choice
of vascular access. A survey conducted in 2016 among
987 academic interventional cardiologists worldwide
revealed that 18% of them still preferred mainly
the transfemoral (TF) approach [5]. This high percent-
age is most likely explained by the fact that the TR ap-
proach requires more operator experience and a high-
er learning curve. In other words, the TF approach
seems to be an easier and more operator-friendly tech-
nique for catheterization and angiography along with
shorter duration of procedure and lower radiation
exposure [3]. Bleeding and haematomas are the most
common complications in both vascular accesses.
However, one of the crucial disparities between TF
and TR methods of catheterization is the probability
of pseudoaneurysm formation, which is extremely
rare for radial artery access [6, 7]. It is also worth not-
ing that pseudoaneurysms may also form during oth-
er procedures, such as during ablation by inadvertent
puncture of the femoral artery [8]. This potentially
life-threatening condition requires urgent treatment,
especially in the case of large and growing pseudoan-
eurysms. Its embolization can be performed in several
ways including thrombin injection, operative sutur-
ing, ultrasound-guided compression, or stenting [9].

Aim of the research

The aim of the presented study is to assess a de-
gree of anaemia and to investigate possible gender
differences in patients suffering from femoral artery
pseudoaneurysm following interventional cardiology
catheterization (mainly due to angiography, but also
after electrophysiological procedures and after intra-
aortic balloon pumping (IABP)). Most of the patients
were successfully treated with an ultrasound-guided

thrombin injection. Our research is based on a large
population of patients with femoral artery pseudoa-
neurysm. The data were collected during 16 years,
and there has not been similar research investigat-
ing that deeply the level of anaemization of patients
with post-catheterization pseudoaneurysms. We have
taken into account a large group, measuring the level
of anaemization and analysing correlating factors,
making our study unique.

Material and methods

All data were gathered in the Second Department
of Cardiology, Swietokrzyskie Cardiology Centre,
Kielce, Poland. In the patients who underwent femo-
ral vascular catheterization in the course of cardiolog-
ical procedures in the period 2006-2022, control ul-
trasound examinations were performed in all 21,946
patients. We registered 621 cases of femoral pseu-
doaneurysms. Most of the participants underwent
a procedure of TF approach coronarography. Among
them 146 (23.5%) were treated because of ST-segment
elevation myocardial infarction (STEMI), 115 (18.5%)
because of non-ST-segment elevation myocardial in-
farction (NSTEMI), 223 (35.9%) because of other acute
coronary syndromes (ACS), 35 (5.6%) underwent cor-
onarography for other reasons, 20 (3.2%) had a sched-
uled angioplasty, 53 (8.5%) because of ablation, and
29 (4.6%) for other reasons. Since 2014, as the fre-
quency of radial access in coronary angiography has
increased, we have observed a downward trend in
the incidence of femoral artery aneurysms. However,
in later years it began to rise slightly with the increase
in the frequency of electrophysiological procedures,
and since 2016 it has remained at a similar level, i.e.
approximately 20 cases per year.

There were 580 (93.4%) cases of femoral artery
pseudoaneurysm caused by direct artery catheteriza-
tion and 38 (6.1%) caused by unintended puncture
while obtaining venous access.

Most of the femoral pseudoaneurysms were found
immediately after the procedure during the first hospi-
talization (587 (94.5%)), while 24 (3.9%) cases were di-
agnosed during another hospitalization, and 10 (1.6%)
were out-of-hospital diagnoses.

Out of the total 621 patients with femoral pseu-
doaneurysm a group of 537 patients had their hae-
moglobin tested before and after the procedure, and
they constitute the population thoroughly analysed
in the study. This group of 276 (51.4%) females and
261 (48.6%) males was compared to the control group
without femoral pseudoaneurysm comprising 606 pa-
tients — 271 females and 335 males. The average age
of patients participating in the research was 68 years.
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The main method of embolization was an ultra-
sound-guided thrombin injection. A single thrombin
injection was successful in as many as 510 (82.1%) pa-
tients, and another 88 (14.2%) required re-injection
(Table 1).

The study has been approved by the Bioethics
Committee of the Swietokrzyska Chamber of Physi-
cians in Kielce.

Table 1. General characteristics of the study population

321

Statistical analysis

Continuous data were described by means (with
standard deviations) and range (minimum and maxi-
mum). Normality of distributions was checked by
Shapiro-Wilk test. Categorical data were summarized
by frequencies and percentages. Group comparisons
were performed using the y? or Fisher exact test for
categorical variables, and the t-test or Mann-Whitney

Parameter

Primary condition:

Women (n = 327)

Men (n = 294)

Total (n = 621)

STEMI 71 (21.7%) 75 (25.5%) 146 (23.5%)
NSTEMI 56 (17.1%) 59 (20.1%) 115 (18.5%)
ACS 126 (38.5%) 97 (33.0%) 223 (35.9%)

Coronarography caused by other reasons 19 (5.8%) 16 (5.4%) 35 (5.6%)
Scheduled coronary angioplasty 10 (3.1%) 10 (3.4%) 20 (3.2%)
IABP 1(0.3%) 1(0.3%) 2 (0.3%)
Electrophysiological procedures 27 (8.3%) 26 (8.8%) 53 (8.5%)
Other procedures 17 (5.2%) 10 (3.4%) 27 (4.3%)
Age:
Mean (SD) 70.2 (10.2) 65.7 (11.2) 68.0 (10.9)
Range 24.0-89.0 20.0-90.0 20.0-90.0
Cause:

Artery catheterization

304 (93.0%)

276 (93.9%)

580 (93.4%)

Vein catheterization 22 (6.7%) 16 (5.4%) 38 (6.1%)
Other 0 (0.0%) 1(0.3%) 1(0.2%)
Diagnosis:

During the first hospitalization

308 (94.2%)

279 (94.9%)

587 (94.5%)

During the following or other hospitalization 12 (3.7%) 12 (4.1%) 24 (3.9%)

Out-of-hospital diagnosis 7 (2.1%) 3 (1.0%) 10 (1.6%)
Clinical symptoms:

None 13 (4.0%) 15 (5.1%) 28 (4.5%)

Pain 196 (59.9%) 195 (66.3%) 391 (63.0%)

Pulsing 26 (8.0%) 19 (6.5%) 45 (7.2%)

Pain + pulsing

Treatment:

92 (28.1%)

65 (22.1%)

157 (25.3%)

Single thrombin embolization

270 (82.6%)

240 (81.6%)

510 (82.1%)

Subsequent thrombin embolization 50 (15.3%) 38 (12.9%) 88 (14.2%)
Surgery 3 (0.9%) 7 (2.4%) 10 (1.6%)
Ultrasound-guided compression 0 (0.0%) 3 (1.0%) 3 (0.5%)
Spontaneous coagulation 3 (0.9%) 6 (2.0%) 9 (1.4%)

STEMI — ST-segment elevation myocardial infarction, NSTEMI — non-ST-segment elevation myocardial infarction, ACS — acute coronary

syndrome, IABP — intra-aortic balloon pump.
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Table 2. Decrease in haemoglobin (HGB) among patients with or without pseudoaneurysm

Variable No pseudoaneurysm (n = 606) Pseudoaneurysm (n = 537) P-value
HGB decrease after the procedure 472 (77.9%) 494 (92.0%) < 0.0001
HGB decrease by more than one unit 121 (20.0%) 329 (61.3%) < 0.0001
HGB decrease by more than 2 units 38 (6.3%) 180 (33.5%) < 0.0001
HGB decrease by more than 3 units 7 (1.2%) 7 (1.2%) < 0.0001

HGB — haemoglobin.

No pseudoaneurysm
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40
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—

Pseudoaneurysm
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— ]
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HGB difference (before and after the procedure)

Figure 1. HGB difference before and after the procedure

test for normally or non-normally distributed con-
tinuous variables, respectively. Haemoglobin differ-
ence was defined as haemoglobin after the procedure
minus haemoglobin before the procedure. Due to sig-
nificant non-normality of analysed variables, Spear-
man rank correlation coefficients were calculated to
assess the strength of monotonic association between
variables of interest (volume, canal length, time from
procedure to diagnosis of pseudoaneurysm, and hae-
moglobin difference).

Separable logistic regression models were created
to examine the relationship between decrease of hae-
moglobin difference (any decrease, a decrease of more
than one unit, a decrease of more than 2 units, and
a decrease of more than 3 units) and the patient’s sta-
tus according to pseudoaneurysm. Odds ratios (OR)

and 95% confidence intervals (95% CI) were calcu-
lated for these models.

A 2-tailed p-value < 0.05 was considered statisti-
cally significant. All statistical analyses were per-
formed using the R software package version 4.0.3.

Results

The occurrence of a pseudoaneurysm statistically
significantly increased the chance of any decrease in
haemoglobin (HGB) (OR = 3.26, 95% CI: 2.26-4.7,
p <0.0001), as well as a decrease in HGB by more than
one unit (OR = 6.34, 95% CI: 4.87-8.26, p < 0.0001),
a decrease in HGB by more than 2 units (OR = 7.54,
95% CI: 5.18-10.96, p < 0.0001), or a decrease in HGB
by more than 3 units (OR = 20.31, 95% CI: 9.35-44.1,
p < 0.0001). Similar changes were observed in both
sexes (Table 2).

Among patients who had any decrease in HGB af-
ter the procedure, significantly greater decreases on
average were observed in the group of patients with
a pseudoaneurysm. Similar changes were observed in
both women and men (Figure 1).

Men were significantly more likely to be anaemic
before the procedure (Table 3).

Among the patients with femoral pseudoaneu-
rysm whose HGB levels dropped the most after percu-
taneous intervention, STEMI was the most common
primary condition (Table 4).

The magnitude of HGB decrease correlates posi-
tively with pseudoaneurysm canal volume and length
in women (Table 5).

Noteworthy is the higher incidence of aneurysms
and anaemia in patients on dual antiplatelet therapy.
The main antiplatelet drug, apart from acetylsalicylic
acid (ASA), was clopidogrel. Dual antiplatelet treat-
ment based on ASA with clopidogrel was significantly
more frequently used among patients with aneurysm
comparing with those without: 336 (62.6%) com-
pared to 206 (34.0%), respectively. We did not observe

Table 3. Incidence of anaemia in patients with aneurysm vs. the control group

Pseudoaneurysm Women (n = 276) Men (n = 261) Total (n = 537) P-value
20 (7.2%) 84 (32.2%) 104 (19.4%) < 0.0001
No pseudoaneurysm Women (n = 271) Men (n = 335) Total (n = 606) P-value
36 (13.3%) 103 (30.7%) 139 (22.9%) < 0.0001
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Table 4. Anaemization depending on the initial cause of catheterization
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1(0.4%)
30 (10.9%)
18 (6.5%)

0 (0.0%)
0 (0.0%)
3(16.7%)

HGB — haemoglobin, STEMI — ST-segment elevation myocardial infarction, NSTEMI — non-ST-segment elevation myocardial infarction, ACS — acute coronary syndrome, PCl — percutaneous coro-

nary angioplasty, IABP — intra-aortic balloon pump.

1 (0.9%)
12 (11.1%)

0 (0.0%)

1 (0.4%)
25 (9.6%)
8 (3.1%)

1(1.2%)
5 (6.2%)
5 (6.2%)

0 (0.0%)

12 (12.1%)

0 (0.0%)
7 (9.0%)
0 (0.0%)

IABP

(12.2%)
5 (3.4%)

18

Electrophysiology

10 (9.3%)

3 (3.0%)

Other reasons
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a higher incidence of aneurysms in patients using
other antiplatelet and anticoagulant drugs (Table 6).

Discussion

Pseudoaneurysms could be a serious consequence
of cardiovascular procedures, clinically presenting
usually as painful, throbbing haematoma [10]. When
comparing the occurrence of radial and femoral pseu-
doaneurysm, it was found that femoral pseudoaneu-
rysms are 4 to 8 times more frequent than radial ones
[8, 11, 12]. Although the recommended percentage
of femoral artery catheterization complicated with
pseudoaneurysm is < 0.2%, the widely accepted tar-
get occurrence nowadays is < 1% [13]. According to
most of the publications available so far, the femoral
pseudoaneurysm prevalence is usually between 0.2%
and 8% of all patients treated using interventional
procedures [14, 15]. In our study, the incidence of fem-
oral artery pseudoaneurysm was 2.8%, which is con-
sistent with literature data. The compilation of data
from a large population of patients with femoral ar-
tery pseudoaneurysm is a great strength of the pre-
sented study.

The data we gathered clearly confirms that the
presence of pseudoaneurysm correlates with a higher
risk of anaemization. As stated by a significant amount
of research, high pseudoaneurysm occurrence is a fem-
oral access characteristic and is rarely present when
using transradial intervention [16, 17]. The tendency
of bleeding and haemoglobin drop themselves also
seem to be strongly connected with transfemoral ac-
cess catheterization, as was proven by the MATRIX
investigators [18]. As was found in our study, patients
with pseudoaneurysm who became anaemic after
the procedure had lower HGB levels on admission
and therefore fell below normal HGB levels more eas-
ily. These observations were consistent with literature
data, as low red blood cells count (RBC) and HGB levels
were found to be predictive factors for pseudoaneu-
rysm formation [18]. This statement could be explained
by the impaired rheological properties of blood caused
by the reduced interaction of RBC and HGB with
the platelets and endothelial cells. It is known that
RBCs promote the transport of platelets to the site
of vessel wall injury [18, 19]. Therefore, patients with
baseline low haemoglobin are more likely to develop
an aneurysm and thus become anaemic.

Apart from baseline anaemia, other risk factors
for femoral pseudoaneurysm formation are incorrect
procedure technique as well as older age, puncture
of surrounding veins, hypertension, and artery calci-
fication [13]. Moreover, some research indicates that
post-catheterization pseudoaneurysm may develop
more often in women [20]. It has also been argued
that women have a higher risk of bleeding and anae-
mia when undergoing PCI compared to men, with
female sex being an overall bleeding risk factor [21].
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Table 5. Correlation between the decrease in hemoglobin and the size of a pseudoaneurysm in women and men

Parameter Women Men
Spearman’s rank correlation coefficient Spearman’s rank correlation coefficient
Canal length Time HGB difference  Canal length Time HGB difference
Volume 0.249 0.032 -0.302 -0.027 0.028 -0.150
(p < 0.0001) (p = 0.6022) (p < 0.0001) (p=06631) (p=0.6576) (p=0.0149)
Canal -0.124 -0.182 -0.060 0.045
length (p = 0.039) (p = 0.0024) (p=0335)  (p=0.4662)
Time - -0.131 -0.053
(p = 0.0291) (p = 0.3973)
Table 6. Comparison of pharmacotherapy between patients with aneurysm and the control group
Parameter No pseudoaneurysm Pseudoaneurysm Total P-value
(n = 606) (n = 537) (n=1143)
ASA 460 (75.9%) 477 (88.8%) 937 (82.0%) < 0.0001
Acenocoumarol 15 (2.5%) 21 (3.9%) 36 (3.1%) 0.0963
Clopidogrel 263 (43.4%) 352 (65.5%) 615 (53.8%) < 0.0001
NOAC 164 (27.1%) 35 (6.5%) 199 (17.4%) <0.0001
Ticagrecol or prasugrel 93 (15.3%) 19 (3.5%) 112 (9.8%) < 0.0001
Ticlopidine 0 (0.0%) 16 (3.0%) 16 (1.4%) < 0.0001
Specific combinations: 0.0005

ASA monotherapy

107 (17.7%)

89 (16.6%)

196 (17.1%)

ASA + clopidogrel

206 (34.0%)

336 (62.6%)

542 (47.4%)

ASA + clopidogrel + NOAC 38 (6.3%) 6 (1.1%) 44 (3.8%)
ASA + NOAC 10 (1.7%) 8 (1.5%) 18 (1.6%)
ASA + ticagrecol or prasugrel 93 (15.3%) 18 (3.4%) 111 (9.7%)
NOAC monotherapy 103 (17.0%) 21 (3.9%) 124 (10.8%)

ASA — acetylsalicylic acid, NOAC — novel oral anticoagulants.

Although in our study femoral pseudoaneurysms
were more common in women, the difference was in-
significant. We found that men were more likely to
be anaemic before the intervention. This observation
differs from the results of the study of Ahmed et al.,
in which occurrence of anaemia was similar in both
sexes, and elevated haemoglobin levels in most acute
coronary syndromes were connected to male sex [21].
Undoubtedly, the incidence of anaemia is also related
to the age of the patients. It has been found that the in-
cidence of anaemia increases with age in men, while it
decreases in women [22]. The average age of patients
participating in the research was 68 years; however,
the range was from 20 to 90 years.

Based on the collected data, we found that STEMI,
while not being the most common cause of femoral
artery catheterization, was the most common primary
condition among the anaemized patients. This result
is in cotrast to the research by Bhavanadhar et al.,
in which anaemia was more common in unstable

angina patients than in NSTEMI or STEMI groups
[23]. However, the mentioned study included a gen-
eral population of patients with acute coronary syn-
dromes without considering specific bleeding compli-
cations. Regarding our study, the possible explanation
of the higher incidence of femoral pseudoaneurysm
and anaemia among patients with STEMI is the fact
that this population usually demands simultaneous
stenting of the infarct-related artery. Hence, thera-
peutic interventions require sheaths larger in cali-
bre, more frequent device changing, and more time
to perform the procedure. All these together increase
the risk of both aneurysm and anaemia [8, 24]. Anoth-
er factor increasing the risk of anaemia in this group
of patients is the use of dual antiplatelet therapy at
the time of the procedure [24]. On the other hand,
there are also studies indicating that the absolute de-
crease in platelet reactivity after the clopidogrel load
is significantly less in anaemic patients compared to
patients with normal HGB [25]. The above observa-
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tion may suggest that patients with anaemia both be-
fore and after stenting, e.g. in connection with a pseu-
doaneurysm, are at risk of recurrent ischaemic events.

Another potentially important finding of our trial
is the statement that the magnitude of the decrease in
HGB correlates with pseudoaneurysm canal volume
and length, especially in women. These are factors that
not only increase the risk of anaemia the larger they
are, but also have an impact on the choice of pseudoan-
eurysm treatment. Management includes observation,
ultrasound-guided compression, ultrasound-guided
thrombin injection, and surgery [15]. Surgical meth-
ods are usually necessary in the case of complicated
pseudoaneurysms. It is also a second choice after initial
failure of other methods. Observation is still used for
stable and small pseudoaneurysms that are less than
2 cm [24]. In our study spontaneous resolution was
observed in 1.4% of patients. Only fever patients from
the study population were treated with ultrasound-
guided compression because in our centre the leading
method of treating uncomplicated pseudoaneurysms
is ultrasound-guided thrombin injection. This is con-
sistent with literature data in which it has been proven
that percutaneous thrombin injection is more effective
in achieving primary pseudoaneurysm thrombosis
and thus shortens the hospitalization time compared
to ultrasound-guided compression [12, 19, 26].

The main limitation of our study is that it is a single-
centre, retrospective study. Moreover, due to the large
number of cases the patient population was heteroge-
neous. Due to the very good experience of our cen-
tre in closing femoral pseudoaneurysms with ultra-
sound-guided thrombin injection, the vast majority
of patients were treated exclusively with this method.
We did not observe a higher incidence of aneurysms
in patients using antiplatelet drugs other than ASA
and clopidogrel and new anticoagulants, although
the number of these patients in the studied population
was relatively small due to the long period of the study
and only recent widespread use of these drugs.

Conclusions

The occurrence of a femoral artery pseudoan-
eurysm significantly increased the risk of anaemia,
which is higher in patients with STEMI and on dual
antiplatelet therapy.
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