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ABSTRACT

Objective: Although ultrasound-guided manual compression is a safe and cost-effective method in the treatment of pseudoa-
neurysm, there are many factors affecting the success of the procedure. This study aimed to determine the factors affecting the
success of ultrasound-guided manual compression.

Methods: The records of patients who developed iatrogenic femoral artery pseudoaneurysm in the cardiology department
between 2017 and 2020 were retrospectively analyzed. Data regarding patients, procedural and aneurysm-related factors were
evaluated by univariate and multivariate logistic regression analysis.

Results: Seventy-five patients who underwent ultrasound-guided manual compression were included in our study. In study
population, the rate of successful ultrasound-guided manual compression is 72%. As a result of the univariate analysis, hyper-
tension, diabetes mellitus, sheath size, the length of aneurysm sac, the width of aneurysm sac, compression duration, aneurysm
detection time> 24 hours parameters were found to be significant predictors for failed ultrasound-guided manual compression.
In the multivariate analysis, it was found that the independent predictors associated with failed ultrasound-guided manual
compression were the aneurysm detection time longer than 24 hours and the length of aneurysm sac (odds ratio: 5.908; 95% Cl
1.136-30.720; P=.035 and odds ratio: 1.042; 95% Cl 1.008-1.100; P=.045). In receiver operating characteristic (ROC) curve analy-
sis, the length of the pseudoaneurysm sac of 34 mm and above had 90% sensitivity and 57% specificity for failed ultrasound-
guided manual compression.

Conclusions: Ultrasound-guided manual compression is an effective method in the treatment of pseudoaneurysm. However,
early detection and size of pseudoaneurysm are important for the success of this treatment. Checking the operation site within
the first 24 hours after catheterization is important for early diagnosis and treatment of possible complications. In addition, it
should be considered that treatment success is low in length of pseudoaneurysm sacs longer than 34 mm.
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INTRODUCTION

Pseudoaneurysms are structures in which the integrity of the
artery wallisimpaired, where the outer wall of the aneurysmal sac
is limited by perivascular tissue, blood clot, or a reactive fibrous
tissue. They usually occur due to vascular trauma, infection, and
iatrogenic reasons. latrogenic pseudoaneurysm is an important
complication seen after percutaneous endovascular interven-
tions performed for diagnostic or therapeutic purposes.'?

Historically, surgical treatment was suggested for the first
time for the treatment of pseudoaneurysms.® However, after
surgical procedures, prolongation of hospital stay, increase in
cost, and increase in morbidity and mortality have led to the

search for less invasive methods.*¢ Since 1991, the ultrasound-
guided manual compression (UGMC) method has been used
in the treatment of pseudoaneurysm.”"" Although the success
rate of UGMC has been reported to be high in the literature,
failure rates of 5%-30% have been reported in several case
series.”'21314 Failed UGMC has been attributed to factors such
as emergency procedure, interventional procedure, use of
anticoagulants, aneurysm diameter, neck diameter, and track
|ength.12'15'16

In the present study, we aimed to determine the factors affecting
the efficiency and the success of the UGMC method in the treat-
ment of iatrogenic femoral artery pseudoaneurysm (IFAP).

Cite this article as: Kus G, Bayar N, Cagira G, Ozgiinoglu EC, Giiven R, Arslan S. The importance of ultrasound-guided
manual compression in iatrogenic pseudoaneurysm treatment: The sooner the better. Eur J Ther. 2022;28(3):236-241.

Corresponding author: Gorkem Kus, e-mail: grk1628@hotmail.com

Received: November 22, 2021 Accepted: June 13, 2022
Copyright@Author(s) - Available online at eurjther.com.

Content of this journal is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License.


mailto:grk1628@hotmail.com
http://orcid.org/0000-0002-6058-5501
http://orcid.org/0000-0001-6785-3137
http://orcid.org/0000-0001-9768-918X
http://orcid.org/0000-0002-6198-5128
http://orcid.org/0000-0003-4129-8985
http://orcid.org/0000-0002-2907-4957
https://creativecommons.org/licenses/by-nc/4.0/

Eur J Ther 2022;28(3):236-241

Kus et al. Ultrasound-Guided Manual Compression: The Sooner the Better

Figure 1. (A) Schematic image of PSA. (B) Ultrasound image of a PSA directly adjacent to the common femoral artery via a
definable neck. Duplex scan demonstrates flow within the PSA and the femoral artery. PSA, pseudoaneurysm.
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METHODS

The records of patients who developed IFAP after cardiac cath-
eterization and who underwent UGMC in the cardiology clinic
of our hospital between 2017 and 2020 were retrospectively
analyzed. Procedures other than the femoral artery entry site
were excluded. Patients were divided into 2 groups according
to whether UGMC was successful or not. Demographic charac-
teristics and comorbidities of the patients were analyzed. The
intervened artery, sheath size, diagnostic/interventional pro-
cedure, emergency/elective procedure, catheterization pro-
cedure duration, pre- and post-catheterization anticoagulant
and antiaggregant treatment use, and time from catheteriza-
tion to the detection of pseudoaneurysm (pseudoaneurysm
age) were recorded from the catheter laboratory reports.
Approval was obtained from the local ethics committee for
the study.

Cardiac catheterization was performed using a 6f or 7f sheath
through the common femoral artery. While antiaggregant
or anticoagulant therapy was not used in diagnostic proce-
dures, dual antiplatelet therapy and intravenous (iv) heparin
(70-100 u/kg) were used in emergency interventional proce-
dures. After the diagnostic catheterization procedures, sheath

Main Points

« Latrogenic pseudoaneurysm is an important complication
seen after percutaneous endovascular interventions per-
formed for diagnostic or therapeutic purposes

« Since 1991, ultrasound-guided manual compression
(UGMC), which is an effective and safe treatment method,
has been used in the treatment of pseudoaneurysm that
develops following interventional procedures.

+ The aneurysm detection time longer than 24 hours and the
length of the aneurysm sac were found as independent
predictors associated with failed UGMC.

+ Checking the intervention site within the first 24 hours is
very important for the early diagnosis of a possible pseu-
doaneurysm and for the success of the UGMC treatment.

was removed immediately after the procedure, and direct man-
ual compression was applied for 15 minutes. Sheath was with-
drawn approximately 4 hours after the interventional procedures
and direct manual compression was applied for 15 minutes.

The diagnosis of pseudoaneurysm was confirmed by color
Doppler ultrasound test performed in patients with pain, swell-
ing in the groin after catheterization, and systolic murmur and
pulsatile mass on physical examination. The identification of a
pseudoaneurysm was confirmed by the classical triad of ultra-
sound findings including a hypoechoic sac in the vicinity of
the parent vessel, a swirling high resistance flow on Doppler
ultrasound within this mass, and a to and fro type waveform in
the neck or in the sac close to the neck (Figure 1A and B). In all
patients, aneurysm size, number of aneurysmal sacs, presence of
arteriovenous fistula, and presence of partial thrombosis were
recorded before the UGMC procedure.

Compression procedure under ultrasonographic guidance was
performed by a cardiologist by determining the neck of the
aneurysm with superficial ultrasound and applying pressure to
this area. Three cycles of compression were applied to patients
with aneurysm neck length over 8 mm with a US transducer
(3.5-7 Mhz) for 15-20 minutes. Analgesic treatment (iv 1-2 mg
midazolam hydrochloride) was administered to patients who
felt pain during the procedure. The compression procedure
was continued until the blood flow to the aneurysm sac was
stopped while the blood flow continued in the main femoral
artery.The blood flow to the sac was evaluated after a 10-minute
break between each cycle. Compression tape was applied to
the patients for 12 hours after the procedure. Successful treat-
ment after the procedure was defined as the cessation of blood
flow in the false lumen and the continuation of blood flow in
the common femoral artery. Each patient who underwent suc-
cessful compression underwent ultrasonography (USG) control
24 hours after the procedure. Patients whose aneurysm pouch
filling could not be completely prevented were accepted as
failed compression. Results were expressed using mean values
and standard deviation.
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Ethical committee approval was received from Antalya Education
and Research Hospital Ethics Committee (Date: March 24, 2021,
Decision no: 1/29, Protocol no: 2021/15).

Statistical Analysis

All statistical analyses (sensitivity, specificity, negative predic-
tive value, and positive predictive value) were performed using
MedCalc Statistical Software version v19.4.1 (MedCalc Software,
Ostend, Belgium) and Statistical Package for the Social Sciences
25.0 (Armonk, NY: IBM SPSS Corp.). The data of the patients are
expressed as median (quartiles) for distributed data and per-
centage for categorical variables. Shapiro Wilk test was used if
the continuous variables were normally distributed. Student’s
t-test was used for parameters with normal distribution and
Mann-Whitney U-test was used for parameters with non-normal
distribution. Chi square test or Fisher’s exact test was used in the
analysis of categorical variables. Whether the width and length
of the pseudoaneurysm sac measurements were effective in
distinguishing successful compression patients from failed com-
pression patients was evaluated by calculating the area under
the ROC curve, and significant predictors were determined by
binary logistic regression. P < .05 was considered statistically
significant.

RESULTS

Seventy-five patients who received UGMC treatment for IFAP
were divided into 2 groups, 54 (72%) as successful compression
and 21 (28%) as failed compression. Some demographic charac-
teristics of the patients such as age (65.5 + 13.5 and 63.1 + 10.0),
male gender (50% and 42.9%), smoking, hyperlipidemia, chronic
renal failure, and peripheral artery disease were found to be simi-
lar in both groups, whereas diabetes mellitus and hypertension
differed significantly in the failed UGMC group (Table 1).

Comparing blood parameters such as international normalized
ratio, hemoglobin, and platelets between the groups, no signifi-
cant difference was found. In addition, there was no statistically
significant difference between the use of antiaggregant and
anticoagulant drugs in both groups.

Procedure- and aneurysm-related risk characteristics of the
groups are presented in Table 2. There was no significant dif-
ference in both groups in terms of diagnostic/therapeutic pro-
cedure, emergency/elective procedure, type of procedure,
and duration of the procedure that led to IFAP development.
However, the use of large-scale sheath was found to be higher in
the failed UGMC group (P:.048).

While the diameter of the pseudoaneurysm sac length (30.0 mm
(20.0-45.2) and 47.0 mm (38.5-69.0) P < .001) and the width of
the pseudoaneurysm sac (18.0 mm (12.0-30.0) and 30.0 mm
(17.5-49.0) P .007) were found to be significantly larger; the pseu-
doaneurysm sac’s being unilobuled/multilobuled or the pres-
ence of partial thrombosis in the sac were found to be similar in
both groups.

The time until the detection of pseudoaneurysm was longer in
the failed UGMC group (24.0 hours (21.0-48.7) and 35.0 hours
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(27.0-69.0) P: 0.011); especially pseudoaneurysms detected
after the first 24 hours were found to be statistically signifi-
cant for failed UGMC (P < .001). However, the UGMC duration
(37.5 minutes (34.5-48.0) and 50.0 minutes (40.0-57.5)) was also
found to be longer in the failed UGMC group.

Comparing the groups, the length and width of the pseudoa-
neurysm sac (30.0 mm (20.0-45.2) and 47.0 mm (38.5-69.0)
P <.0017; 18.0 mm (12.0-30.0) 30.0 mm (17.5-49.0) P:.007) in the
failed UGMC group were found to be statistically significantly
large.

As a result of the univariate regression analysis, parameters
such as hypertension, diabetes mellitus, sheath size, the length
of the aneurysm sac, the width of the aneurysm sac, compres-
sion duration, aneurysm detection time >24 hours were found
to be significant predictors for failed UGMC (P=.036, P = .014,

Table 1. Demographic Characteristics, Clinical Features, and
Laboratory Findings of Patients

Successful  Failed UGMC

UGMC Group Group
Variables (n=54) (n=21) P
Age, years 65.5 + 13.5 63.1 + 10.0 .345
Male, % (n) 50.0 (27) 42.9 (9) .578
HT, % (n) 53.7 (29) 81.0 (17) .030
DM, % (n) 22.2 (12) 52.4 (11) .011
Smoking, % (n) 22.2(12) 38.1 (8) .163
Hyperlipidemia, % (n) 61.1 (33) 71.4 (15) 403
CAD, % (n) 68.5 (37) 90.5 (19) .050
PAD*, % (n) 9.3 (5) 14.3 (3) .396
CRF*, % (n) 9.3 (5) 4.8 (1) 1.000
Antiaggregant therapy*, % (n)
-None 5.6 (3) 9.5(2) 0.507
-Single therapy 20.4 (11) 9.5 (2)
-Dual therapy 74.1 (40) 81.0 (17)
Anticoagulant therapy*, % (n)
-None 77.8 (42) 81.0 (17) 0.440
-LMWH therapy 14.8 (8) 9.5 (2)
-VKA therapy 5.6 (3) 0.0 (0)
-NOAC therapy 1.9 (1) 9.5 (2)
INR 1.06 1.09 0.200

(1.00-1.18) (1.06-1.13)
Hemoglobin, g/dL 11.8 11.9 0.265

(10.6-14.1) (9.8-12.8)
Platelet count, (x 103 209.0 204.5 0.166

per pL) (179.0-268.0) (190.0-229.2)

*Fisher’s exact test.

HT, hypertension; DM, diabetes mellitus; CAD, coronary artery disease;
PAD, peripheral artery disease; CRF, chronic renal failure; LMWH,
low-molecular-weight heparin; VKA, vitamin K antagonist; NOAC, non-vi-
tamin K antagonist oral anticoagulant; INR, International normalized ratio.
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Table 2. Procedural and Aneurysmal Risk Characteristics of
Patients

Successful Failed
UGMC UGMC
Variables Group Group P
Procedure, % (n)
Emergency procedure 22.2 (12) 28.6 (6) .563
Elective procedure 77.8 (42) 71.4 (15)
Intervention, % (n)
Diagnostic 37.0 (20) 38.1(8) .932
Therapeutic 63.0 (34) 61.9 (13)
Type of procedure*, % (n)
CAG 90.7 (49) 90.5(19) .712
EPS 3.7 (2) 9.5 (2)
TAVI 1.9 (1) 0.0 (0)
PAG 3,7 (2) 0.0 (0)
Duration of procedure 17.5 19.0
(minutes) (10.0-23.2) (14.0-28.5)
Sheat size*, % (F)
6f 96.3 (52) 81.(17) .048
7f 3.7 (2) 19.0 (4)
Aneurysm sac diameter 30.0 47.0 <.001
(length) (mm) (20.0-45.2) (38.5-69.0)
Aneurysm sac diameter 18.0 30.0 .007
(width) (mm) (12.0-30.0) (17.5-49.0)
Unilobule/multilobule sac*, % (n)
Unilobule 83.3(45)  85.7(18) 1.000
Multilobule 16.7 (9) 14.3 (3)
Partial thrombosis of pseudoaneurysm, % (n)
No 64.8(35) 57.1(12) .600
Yes 35.2 (19) 42.9 (9)
Duration of compression 37.5 50.0 .002
(minute) (34.5-48.0) (40.0-57.5)
Time lag before diagnosis 24.0 35.0 .011

(hour) (21.0-48.7) (27.0-69.0)

Time lag before diagnosis of aneurysm
< 24 hours (n=34) 57.4 (31) 143 (3) <.001
>24 hours (n=41) 42.6 (23) 85.7 (18)

* Fisher’s exact test.
CAG, coronary angiography; EPS, electrophysiological study; TAVI, tran-
scatheter aortic valve implantation; PAG, peripheral angiography.

P=.047,P=.001,P=.029, P=.012, P =.002, respectively). In the
multivariate logistic regression analysis performed with these
parameters, it was found that the independent predictors associ-
ated with failed UGMC were the aneurysm detection time longer
than 24 hours and the length of the aneurysm sac (OR: 5.908;
95% Cl 1.136-30.720; P=.035, and OR: 1.042; 95% C| 1.008-1.100;
P=.045) (Table 3).
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In ROC curve analysis, the length diameter of the pseudoaneu-
rysm sac of 34 mm and above had 90% sensitivity and 57% speci-
ficity for failed UGMC (Figure 2).

Major complications associated with UGMC such as rupture, dis-
tal embolization, skin necrosis, or neuropathy were not detected
in our patients. However, transient hypotension developed dur-
ing compression in 2 patients, and vagal reaction developed
in 1 patient as a result compression was interrupted in these
patients. Compression was continued after the patients were
stabilized.

DISCUSSION

Ultrasound-guided manual compression, first described by
Fellmeth et al.” in 1991, is a safe and cost-effective method; how-
ever, its success rate varies between 57% and 99% in various case
series.®’>'7 |In our clinic, our success rate after UGMC was 72%,
which was consistent with the studies in the literature. In studies
where the success rate was higher, the presence of partial throm-
bosis after compression was considered successful compression,
whereas pseudoaneurysms with large hematoma were consid-
ered not suitable for compression and were excluded from the
study.”'® Partial thrombosis was not used as a criterion for suc-
cess in our study, while the presence of a large hematoma was
not considered a contraindication for UGMC.

Other studies in the literature report that anticoagulant and anti-
platelet therapy cause higher failure and recurrence rates.'>"
Although IFAP was detected more in those receiving single or
dual antiplatelet therapy in our study (93%), taking antiplate-
let or anticoagulant therapy was not found to be a predictor of
failed UGMC. This may be related to the discontinuation of anti-
coagulant treatment before the procedure or the low number of
patients in our study group.

The need for long compression times may also be associated
with failed UGMC. While the average compression time in the lit-
erature is approximately 44 minutes, in some situations, there are
cases with compression time up to 300 minutes.' There are also
studies reporting that long compression times do not correlate
with the success of UGMC. Eisenberg et al'* explained this by the
failure to perform effective compression for more than 1 hour
due to patient comfort and operator fatigue. Although compres-
sion time was found to be longer in the failed UGMC group in
our study, it was not found to be an independent predictor for
failed UGMC in multivariate analysis. In our study, a statistically
significant difference may not have been found between the
compression time and failed UGMC due to the inability to con-
tinue compression for a long time due to patient and operator
comfort.

Different results were obtained in studies investigating the rela-
tionship between pseudoaneurysm age and UGMC success.
Shatnawi et al.® reported an association between aneurysm
age >48 hours after catheterization and the rate of failed UGMC.
Similarly, the aneurysm detection time was found to be longer
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Table 3. Univariate and Multivariate Analysis of Factors Associated with Ultrasound-Guided Manual Compression Failure

Univariate Multivariate

Variables OR (95% CI) P Adjusted OR (95% CI) P
Age (years) 0.985 (0.946-1.026) 464

HT 3.664 (1.089-12.329) .036 2.858 (0.529-15.445) 223
DM 3.850 (1.321-11.224) .014 2.188 (0.527-9.094) .281
CAD 4.365 (0.912-20.899) .065 6.344 (0.849-47.389) .072
Sheath size (6f, 7f) 6.118 (1.028-36.405) .047 5.204 (0.187-144.772) 331
Aneurysm sac diameter (length)(mm) 1.058 (1.024-1.094) .001 1.042 (1.008-1.100) .045
Aneurysm sac diameter (width) (mm) 1.029 (1.003-1.056) .029 1.029 (0.982-1.078) 227
Compression time (minutes) 1.043 (1.009-1.078) .012 1.032 (0.981-1.086) .226

Time lag before diagnosis of aneurysm >24 hour

8.087 (2.126-30.760) .002

5.908 (1.136-30.720) .035

HT, hypertension; DM, diabetes mellitus; CAD, coronary artery disease; OR, odds ratio.

in the failed UGMC group in our study, and aneurysm detection
time of >24 hours was determined as an independent predictor
of failed UGMC in the multivariate analysis. This situation may be
explained by the fact that the pseudointima layer that develops
in the aneurysm sac over time and endothelialization prevents
thrombosis, which is necessary for successful compression.’
Therefore, checking the intervention site within the first 24 hours
is very important for the early diagnosis of a possible pseudoan-
eurysm and for the success of the UGMC treatment to be applied.

While there are publications showing that the size of the pseudo-
aneurysm sac is unrelated to failed UGMC,?° many studies found
that the size of the pseudoaneurysm sac was the limiting factor

Figure 2. Receiver operating characteristic curves showing
the AUC for aneurysm diameter (length). AUC, area under
curve.
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affecting the success of UGMC.">%'22 Qur study has demonstrated
that there is an inverse relationship between pseudoaneurysm
size and compression success. This result may be explained by
the fact that the flow through larger pseudoaneurysms tends
to be greater than the flow in smaller pseudoaneurysms and
therefore it is more difficult to stop it completely. In our study,
it was also found that the diameter of the pseudoaneurysm
was larger and that the success of UGMC was lower in patients
with pseudoaneurysm after >24 hours. This result once again
reveals the importance of early diagnosis in the treatment of
pseudoaneurysm.

Limitations

The main limitations of our study were that it is a single-center
study, that the operators performing the procedure had varying
length of experience, and the body mass index of many patients
were not recorded.

CONCLUSION

Ultrasound-guided manual compression is an effective and safe
treatment method in the treatment of pseudoaneurysm that
develops following interventional procedures. However, for this
treatment to be successful, it is important to detect the pseudoa-
neurysm before 24 hours. Checking the intervention site within
the first 24 hours after catheterization may increase the success
of UGMC treatment by detecting possible pseudoaneurysm
before it becomes too large. In addition, since the size of the
pseudoaneurysm sac length also affects the success of UGMC, it
should be considered that treatment success is low, especially in
the length of pseudoaneurysm sacs longer than 34 mm.
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