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Abstract
The pseudoaneurysm (PA) is a perfused sac directly connecting with the arterial lumen by an interruption of the vessel wall 
continuity, more commonly secondary to trauma or iatrogenic causes. Aim of our study was to determine the accuracy and 
usefulness of Doppler techniques in the diagnosis of peripheral iatrogenic PAs secondary to minimally invasive procedures. 
From a three year prospective research, 20 Duplex Ultrasound (DUS) studies in as many patients presenting with periarterial 
pulsating mass clinically suspected for PA secondary to minimally invasive procedures were selected. The PA final diagnosis 
was confirmed by angiography in 12 patients (60% cases), by computed tomography angiography in 5 patients (25%), by 
surgery in 2 patients (10%), and by magnetic resonance angiography in 1 patient (5%). The vessels involved by PA forma-
tion were: common femoral artery in 8 cases (40%); superficial femoral artery in 4 cases (20%); brachial artery in 3 cases 
(15%); popliteal artery in 2 cases (10%); superficial temporal artery (STA) in 2 cases (10%); dorsal medial digital artery of 
the foot in 1 case (5%). Our study confirmed the usefulness of doppler techniques in the diagnosis of peripheral iatrogenic 
PAs. Specifically, a sensitivity of 90–95%, a specificity of 100% and predictive values of 100% (VPP) and 83–90% (VPN) 
were reported. The radiologist must always suspect a PA in the differential diagnosis of lesions contiguous to an artery vessel. 
This is to prevent potential complications such as e.g. massive haemorrhage. In this order, DUS allows a careful selection of 
patients who require to undergo in-depth imaging methods or surgical therapy, thus contributing to a significant reduction 
of contrast medium and exposure to ionizing radiation.
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Introduction

The pseudoaneurysm (PA) is a perfused sac directly con-
necting with the arterial lumen by a disruption of the vessel 
wall continuity secondary to inflammatory, infectious and 
neoplastic processes, and especially to traumatic events and 
iatrogenic causes [1, 2]. The iatrogenic causes include vari-
ous medical procedures such as surgery and vessels cath-
eterization, percutaneous biopsies or drainages [3–5].

According to the medical literature, the overall incidence 
of iatrogenic PAs varies from 0.1–6% to 0.5–9% depending 
on the diagnostic-therapeutic procedure [4].

With the increasing use of percutaneous arterial interven-
tions worldwide, iatrogenic arterial injury following cath-
eterization procedures has become the predominant cause 

Electronic supplementary material  The online version of this 
article (https​://doi.org/10.1007/s4047​7-020-00475​-6) contains 
supplementary material, which is available to authorized users.

 *	 Fabio Corvino 
	 effecorvino@mail.com

1	 Motor Science and Wellness Department, University 
of Naples “Parthenope”, Via F. Acton 38, 80133 Naples, 
Italy

2	 Radiology Unit, Istituto Diagnostico Varelli, Via Cornelia dei 
Gracchi 65, 80126 Naples, Italy

3	 Vascular and Interventional Radiology Department, 
Cardarelli Hospital, Via A. Cardarelli 9, 80131 Naples, Italy

4	 Advanced Biomedical Sciences Department, University 
Federico II of Naples (UNINA), Via S. Pansini 5, 
80131 Naples, Italy

http://orcid.org/0000-0002-2593-8148
http://crossmark.crossref.org/dialog/?doi=10.1007/s40477-020-00475-6&domain=pdf
https://doi.org/10.1007/s40477-020-00475-6


564	 Journal of Ultrasound (2020) 23:563–573

1 3

of PA formation, accounting for 70–80% of the incidence 
[6]. The number of endovascular procedures increases each 
year, and with the improved materials and devices and grow-
ing experience, there is an accompanying widening range 
of indications [6, 7]. Specifically, the highest incidence of 
iatrogenic PAs is observed in the common femoral artery 
(CFA) as a result of inadequate seal of the arterial puncture 
site following vascular approach. There are reports whereby 
femoral PAs occur in up to 0.2% of diagnostics and 8% of 
interventional procedures [6–8].

PA can be life-threatening due to rupture and bleeding 
[9]. Therefore, PA is considered an emergency disease and 
need to be diagnosed accurately and quickly [10, 11].

In this order, the most successful and non-invasive modal-
ity is Duplex Ultrasound (DUS). In this study and main-
stream literature [12, 13], DUS refers to the combination 
of B-Mode US and Color- and Pulsed-Doppler techniques 
(CD and PW).

Aim of our study was to investigate the usefulness of 
Doppler techniques in the diagnosis of peripheral iatrogenic 
Pas secondary to minimally invasive procedures. For the 
lesions examined, the investigation was successfully under-
taken through, firstly, a detailed analysis of the B-mode US 
and Doppler imaging findings and, secondly, a B-mode US 
versus Doppler diagnostic performance study. Finally, in the 
discussion an extensive bibliographic review about this topic 
was reported.

Material and methods

From January 2017 to May 2020, 30 patients with periarte-
rial pulsating mass clinically suspected for PA subsequent 
to minimally invasive procedures were enrolled in our study. 
We considered only peripheral lesions regardless of size and 
depth. Patients with suspected visceral or carotid/intracra-
nial PAs were excluded. A history of Marfan syndrome, 
Ehlers–Danlos syndrome or other connective disease was 
also exclusion criteria.

Overall, were detected 20 arterial PAs and 10 hematomas 
in as many patients. Among the 20 patients with PA, 13 
(65%) were male and 7 (35%) female. The mean age was 
53.35 years (range 36–75 years).

The vessels involved by PA formation were: common 
femoral artery in 8 cases (40%); superficial femoral artery 
in 4 cases (20%); brachial artery in 3 cases (15%); popliteal 
artery in 2 cases (10%); superficial temporal artery (STA) 
in 2 cases (10%); dorsal medial digital artery of the foot in 
1 case (5%) (Table 1).

Within patients with PAs, they had previously undergone 
the following minimally invasive procedures: vascular cath-
eterization for interventional procedures in 12 cases (60%), 
arterial cannulation for monitoring in 2 cases (10%), biopsy 

procedures in 4 cases (20%), and aesthetic mini-invasive 
surgery in 2 cases (10%) (Table 2).The average time from 
the diagnostic-therapeutic procedure to the diagnosis was 
7.6 months (range: 1.6–14.5 months).

The final diagnosis of PA was confirmed by angiography in 
12 patients (60% cases), computed tomography angiography 
(CTA) in 5 patients (25%), surgery in 2 patients (10%), and 
magnetic resonance angiography (MRA) in 1 patient (5%).

US examinations were performed with the following 
scanners: General Electric Heathcare LOGIC e; Toshiba 
Aplio 500, Platinum Series; MyLab 70 XVG Gold Esaote. 
All scanners were equipped with a multi-frequency convex 
(2.5–5 MHz) and linear probe (7.5–12 MHz). For Doppler 
imaging, the lowest pulse repetition frequency (PRF) and 
the lowest level of colour-gain was used to avoid aliasing 
artifacts. The “default” setting [9] was 2000–2500 Hz for the 
PRF and 70–80% for the colour-gain with a low wall filter 
between 150 and 350 Hz; the colour box was kept as small 
as possible to maintain a high frame rate.

All images and cineloops were digitally stored as raw data 
in a PC-based workstation connected to the US units via a 
standard ethernet link.

Table 1   Arterial sites of the 
pseudoaneurysms

Artery No (%)

Common femoral 8 (40)
Superficial femoral 4 (20)
Brachial 3 (15)
Popliteal 2 (10)
Superficial temporal 2 (10)
Dorsal medial digital 1 (5)

Table 2   Iatrogenic minimally invasive eziology of PAs

Eziology No (%)

Vascular catheterization 12 (60)
Biopsy procedures 4 (20)
Arterial cannulation 2 (10)
Aesthetic mini-invasive surgery 2 (10)

Table 3   Clinical features of the PAs of our series

Clinical features No %

Pulsating and painful swelling 14 70
Pulsating and painless swelling 5 25
Non-pulsating and painful swelling 1 5
Ischemia 4 20
Anaemia 6 30
Haemorrhagic shock 1 5
Absence of signs and symptoms 1 5



565Journal of Ultrasound (2020) 23:563–573	

1 3

Fig. 1   CFA PA following arterial puncture for catheter access, due to 
poor control of arterial bleeding following the procedure. a Patient 
photograph. Pulsatile and painful swelling at the site of palpation 
of the right CFA, where previously have been inserted the arterial 
catheter. b Transverse B-Mode US image shows an oval-shaped, 
loculated, hypo-anechoic structure adjacent to the punctured artery, 

which on CD images; c, d shows a swirling motion blood flow inside 
(ying-yang sing) (c) and a neck communicating both structures with 
a systolic flow in the PA direction and diastolic flow in the opposite 
direction (d). e, f On CD images obtained 30′ after a US-guided PA 
compression manoeuvre, no flow is seen in the PA sac by thrombosis 
and donor artery is permeable
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On‑site analysis

All examinations were performed by radiologists who had 
at least 5 years of Doppler experience. The examiners were 
blinded to other imaging results, but aware of the clinical 
history.

The B-mode US findings of PA analysed were: anatomi-
cal location, morphology, size (maximum diameter), echo-
genicity, internal echostructure (homogeneous or heteroge-
neous) and pulsatility.

The presence of arterial intracavitary flow and its differ-
ent distribution patterns (swirling or “fountain-like”) were 
evaluated at CD examination. CD analysis also investigated 
the presence of direct communication between arterial 
lumen and the pseudo-aneurysmal sac.

Then, through the PW analysis was evaluated the pres-
ence of "to-and-fro" waveform at the blood supply point.

To complete the vascular study, in all patients the patency 
of the adjacent arteries and veins could be completely 
assessed.

The diagnostic criteria used to diagnose the arterial PAs 
such as periarterial haematomas have been based on litera-
ture data [10, 11] and on our previous experiences on iatro-
genic PAs [12, 13].

Off‑site analysis.

B-Mode US and Doppler images and cine loops were 
reviewed from digital files on a computer screen and evalu-
ated by two investigators with at least 5 years of experience 
in Doppler techniques. Investigators were not involved in the 
US scanning and were they were not aware of clinical and 
other imaging patient information.

To assess the diagnostic performance of B-Mode US and 
Doppler, for each lesion the two radiologists were asked to 
provide a diagnosis of PA using adichotomous confidence 
rating score (presence/absence).

Statistical analysis

Reviewers’ diagnoses were judged to be as it follows: 
true-positive (TP), when the presence of PA was correctly 
assessed as positive; false negative (FN), when the presence 
of PA was wrongly assessed as negative; true negative (VN), 
when the absence of PA was correctly assessed as negative; 
false positive (FP), when the absence of PA was wrongly 
assessed as positive.

Contingency tables (2 × 2) were used to calculate sen-
sitivity, specificity, positive predictive value, and negative 
predictive value.

Inter-observer agreement was assessed between radiolo-
gists for each B-Mode US and Doppler interpretation by 

weighted kappa statistics. The agreement was graded in the 
linear set with five categories: 1, 0.75, 0.50, 0.25, and 0 
when there was a difference of 0 (total agreement) or as 1, 
2, 3, and 4 [14].

ROC curves were plotted with MedCalc for Microsoft 
Windows (version 13.1.2.0, MedCalc) for evaluating the 
diagnostic performance of B-Mode US and Doppler. Diag-
nostic performance was expressed as area under the ROC 
curve (Az). Differences between ROC curves were com-
pared by univariate z score test.

The ROC curve is a plot of test sensitivity (plotted on 
the y-axis) versus its false-positive rate or 1 minus speci-
ficity (plotted on the x-axis). All possible combinations of 
sensitivity and specificity that can be achieved by changing 
the cut-off test value can be summarized with the single 
parameter area under the ROC curve. Diagnostic tests with 
perfect discrimination between negative and positive refer-
ence groups have ROC plots passing through the coordinates 
(0, 1), corresponding to 100% sensitivity and specificity (in 
this case, Az = 1) [14].

Results

Clinical features

Clinical features of PAs were the following: pulsating and 
painful swelling in 14 patients (70%); pulsating and pain-
less swelling in 5 patients (25%); non-pulsating and pain-
ful swelling in 1 patient (5%); downstream ischemia in 4 
patients (20%); anaemia in 6 patients (30%); haemorrhagic 
shock in 1 patient (5%); absence of signs and symptoms in 
1 patient (5%) (Table 3).

Fig. 2   CFA PA in a patient who had undergone to femoral artery 
stenting 2  weeks before. CD image show a swirling motion blood 
flow inside the lesion (ying-yang sing) with a systolic flow in the 
pseudoaneurysm direction and diastolic flow in the opposite direction
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Fig. 3   CFA PA with a communicating arteriovenous fistula follow-
ing percutaneous coronary intervention. B-Mode US (a) and CD (b) 
images detect a hypo-anechoic, single compartment lesion consistent 
with a partially thrombosed PA originating from the distal part of the 
CFA. The anatomic relation between the PA sac, its neck and the par-
ent arterial lumen, as well as the patency of the arterial lumen distal 
to the aneurysm site is also shown. (c) Sampling from the neck of 
the PA, spectral Doppler waveform analysis reveals a flow directed 
toward the PA cavity both in systole and diastole, in contrast to the 
characteristic “to-and-fro” flow pattern. In addition, pulsed-wave 
Doppler shows an “arterialized” venous flow with superimposed sys-

tolic and diastolic components in the sapheno-femoral junction (SFJ). 
When interpreted together, these spectral Doppler findings indicate 
the presence of a PA in communication with an arteriovenous fistula 
emptying into the common femoral vein (CFV). This assumption is 
confirmed by Doppler imaging (d, e), in which transverse sections 
of the femoral vessels shows PA and arteriovenous fistula shunting 
blood from the CFA to the common femoral vein via SFJ. f Multi-
planar (MPR) CTA reconstruction correlation. CFA common femoral 
artery, FCV common femoral vein, SFJ sapheno-femoral junction, PA 
pseudoaneurysm, arrow PA neck
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On‑site analysis

B-mode US evaluation revealed the presence of periarterial 
hypo-anechoic lesions in all PA cases. The morphology was 
spherical in 6cases (30%) and ovoid in 14 (60%). The aver-
age diameter was 2.7 cm (range 1.4–4.2 cm).Thrombotic 
component within the pseudo-aneurysmal sac was found in 
16 cases (80%) (Figs. 1 and 2).

CD analysis demonstrated the presence of a swirl flow in 
16 patients (80%) with PA (Fig. 3), 10 of which showed the 
"yin-yang" sign (Figs. 1, 2, and 4) and 3 a “fountain-like” 
pattern. In one case the PA resulted completely thrombosed. 
Direct communication between the PA and the native artery 
was demonstrated in all cases (Figs. 1 and 3).

Finally, the sign of the "to-and-fro" waveform was 
detected in 14 cases (70%) through PW analysis (Figs. 1 
and 5).

Off‑site analysis

The confidence levels for both radiologists are shown in 
Table 4. For both readers, sensitivity, specificity, positive 
predictive value, and negative predictive value improved 
after Doppler evaluation (all p < 0.05) (Table 4). The Az 
values were 0.650 before versus 0.950 after Doppler for radi-
ologist 1 and 0.625 versus 0.975 for radiologist 2 (Fig. 6). 
Inter-observer agreement also increased, although slightly, 
from a kappa value of 0.894 at conventional US (95% CI 
0.808–0.974) to 0.953 at CEUS (95% CI 0.909–0.998).

Overall, in terms of differential diagnosis, the total num-
ber of correctly characterized lesions increased from 21 of 
50 (42%) to 48 of 50 (96%) for reader 1 and from 21 of 50 
(42%) to 49 of 50 (98%) for reader 2 in the comparison of 
B-Mode US with Doppler.

Discussion

Minimally invasive procedures should be defined as ones 
that are safer and associated with a lower post-operative 
patient morbidity compared with a conventional surgical 
approach for the same operation [15, 16]. Storically, the first 
procedure which prevented a radical operation was the use 
of a cystoscope to look into and treat lesions of the bladder. 
Since then, minimally invasive approach has been the focal 
point of new medical technology [17].

Excepting for iatrogenic arterial injury following cath-
eterization procedures [18–21], there is a dearth of literature 
regarding Pas secondary to minimally invasive procedures. 
To date, there is no systematic literature review about.

Peripheral PAs have been reported after percutaneous 
biopsy [22–24], placement/manipulation of drains [25–27], 
block anaesthesia [28–30] or injection of local anaesthetics 

[31]. There have been also some reports of peripheral PAs 
secondary to minimally invasive orthopaedic or aesthetic 
procedures.

Fig. 4   Radial PA following trans-radial percutaneous coronary inter-
vention. a, b CD images of the PA demonstrate an extensive endo-
cavitary thrombosis and the characteristic to- and-fro (bidirectional) 
flow in the eccentric patent lumen. c MR coronal imaging correlation
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Fig. 5   PA of the frontal branch of the Superficial Temporal Artery 
(STA) as iatrogenic complication after the injection of 30 units Botox 
(Allergan, Inc., Irvine, Calif.). B-Mode US (a) image of the super-
ficial swelling in right temporal region reveals an oval-shaped, sac-
cular structure with mildly concentric layers of mural thrombosis. 
However, the only B-Mode US evaluation is not diagnostic, since 
these detectable US findings may also be present in other pathologi-

cal conditions, such as hematomas or cysts. CD and PW images (b, 
c) demonstrate the presence of arterial flow in the PA sac such as a 
direct communication between the PA and the native artery with the 
characteristic “to-and-fro” pulsed waveform. MPR (d) and 3D Vol-
ume Rendering (e) CTA reconstructions confirm a PA of the frontal 
branch of the right STA
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PA formation is, indeed, a well-documented complica-
tion of knee and ankle arthroscopy [32–36] and there are 
reported cases following hip [37] and shoulder arthroscopy 
[38].

Also, iatrogenic minimally invasive aetiology include a 
whole range of aesthetic and cosmetic rejuvenation proce-
dures which have increasingly expanded in the last two dec-
ades mainly because of the patient demand for a minimally 
invasive approach, all outcomes being comparable [39, 40]. 
A rare complication with PA of the frontal branch of the 
STA after Botox injection was described earlier in the litera-
ture [41]. Skaf et al. [42] also described a similar case of PA 
occurring after Botox injection. Our group already reported 
a complication of minimally invasive aesthetic procedure 
of facial rejuvenation (Aptos Thread-Lifting 2G technique) 
resulting in the development of a STA PA [43].

With the introduction of modern imaging modalities, 
the PA diagnosis has become more common allowing early 
detection and therapeutic intervention before the PA mani-
fests clinically, sometimes with catastrophic results [1, 2]. 
Although conventional angiography remains the diagnos-
tic standard of reference [44, 45], other modalities such as 
DUS [12, 13], contrast-enhanced US (CEUS) [27], CTA [44, 
45], and MRA [46, 47] are demonstrated to be useful in the 
detection and diagnosis of PAs, albeit with variable results 
[1, 2].

DUS is a valuable diagnostic tool, particularly in cen-
tres with a dedicated vascular laboratory. This modality is 
portable, readily available, inexpensive and fast. It involves 
no ionizing radiation or renal toxic contrast material, and 
it is non-invasive.[12, 13]. Clear views of the vessels and 
associated pathology can be achieved rapidly in experienced 
hands. However, the usefulness of DUS in the evaluation of 
deep arteries is partially limited with reports of low sensitiv-
ity [18]. Also, it may result difficult the evaluation of vessels 
in trauma patients with fractures or hematomas [1, 2].

B-mode US typically demonstrates an hypo-anechoic 
“cystic-like” structure adjacent to a supplying artery [1, 
2]. It can assess the size of the pseudo-aneurysmal sac, the 
connection of the sac to the artery, the length and width of 
the pseudo-aneurysmal neck, and the presence of internal 
thrombotic component. However, B-mode US is not diag-
nostic, since these findings are not specific as may be seen 
in other conditions, the most common being hematomas and 
cysts [43].

Doppler imaging helps establishing the diagnosis. The 
color-flow image typically demonstrates a swirling pattern 
inside the false lumen, known as ‘yin-yang’ sign, because 
of the double vascular components in-flowing (systolic) and 
out-flowing (diastolic): during the systole, the high-speed 
flow enters the pseudo-aneurismatic sac through the neck 
and it is associated with backward flow on the opposite 
entering point; during the diastole, the direction of the flow 
is inverted [43]. Also, spectral analysis is more specific for 
PA diagnosis by detecting a typical "to-and-fro" waveform 
at the communicating point between the native vessel and 
the PA [48]. Specifically, the “to-and-fro” waveform is asso-
ciated to the pressure gradient between the vessel and the 
pseudo-aneurismatic cavity: during the systole the blood 
goes to the PA which has a lower internal pressure; during 
the diastole a flow inversion can be found because of the 
opposite pressure gradient that is created when the artery 
blood pressure goes down. The audible Doppler signal is 
very characteristic, with high-frequency Doppler shifts 
heard in the forward and reverse phases [48, 49].

Our study confirmed the added value of Doppler tech-
niques in the diagnosis of peripheral arterial PA secondary 
to minimally invasive interventional and surgical proce-
dures. The data reported are substantially comparable with 
those of previous diagnostic performance studies carried out 
on series of patients undergoing only interventional proce-
dures [4]. Specifically, a sensitivity of 90–95%, a specificity 

Table 4   Diagnostic 
performance indices before and 
after Doppler evaluation

Values in parentheses are 95% confidence interval
Az area under the ROC curve

Diagnostic performance B-mode US Doppler

Reviewer 1 Az 0.650 (0.455–0.814) 0.950 (0.803–0.996)
Sensitivity, % 80.00% (56.34–94.27%) 90.00% (68.30–98.77%)
Specificity, % 50.00% (18.71–81.29%) 100.00% (69.15–100.00%)
PPV, % 76.19% (52.83–91.78%) 100.00% (81.47–100.00%)
NPV, % 55.5% (21.20–86.30%) 83.33% (51.59–97.91%)

Reviewer 2 Az 0.625 (0.430–0.794) 0.975 (0.841–1.000)
Sensitivity, % 85.00% (62.11–96.79%) 95.00% (75.13–99.87%)
Specificity, % 40.00% (12.16–73.76%) 100.00% (69.15–100.00%)
PPV, % 73.91% (51.59%-89.77%) 100.00% (82.35%-100.00%)
NPV, % 57.14% (18.41–90.10%) 90.91% (58.72–99.77%)
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of 100% and predictive values of 100% (VPP) and 83–90% 
(VPN) were reported in our study.

However, our study had some limitations. Firstly, there 
was an observation bias, because the same radiologist evalu-
ated B-mode US and Doppler examinations in each patient. 
As a result, the radiologist may be conditioned by the basal 
US appearance of the lesion. Although not appropriate, this 
methodological approach is reasonably acceptable, being 
technically intrinsic to the Doppler techniques the need for 
a preliminary grey-scale examination. In addition, the study 
presented a selection bias because only a part of enrolled 
subjects were selected from a patient population hospitalized 

at a trauma centre with second level emergency department 
(AORN “A. Cardarelli”, Naples). Therefore, the total num-
ber of lesions assessed is lower than expected. Secondly, 
among inclusion criteria we did not appropriately consider 
the size and depth of the lesions. Large and deep PAs are 
quite difficult to evaluate by means of Doppler US, so that 
they can misdiagnosed easily.

Nevertheless, considering that traumatic PAs are an 
uncommon finding and the rigid inclusion criteria estab-
lished, our series of peripheral iatrogenic PAs secondary to 
minimally invasive interventional and surgical procedures 
is, to date, the largest described in the literature.

Conclusions

According to literature [1, 2], our experience suggests the 
following take-home points:

•	 consider the risk of PA occurrence in patients previously 
undergone to minimally invasive procedures, since they 
are increasing in the clinical practice;

•	 CD and PW imaging is crucial in evaluating such patients 
because it provides diagnostic findings of PA, such as the 
“yin-yang sign” and the “to-and-fro” wave;

•	 DUS provides a careful selection of patients who must 
undergo to in-depth imaging methods or surgical therapy, 
thus contributing to a significant reduction in the use of 
contrast medium and in the exposure to ionizing radia-
tion.
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