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Aims
Our objective was describing an algorithm to identify and prevent vascular injury in patients
with intrapelvic components.

Methods

Patients were defined as at risk to vascular injuries when components or cement migrated 5
mm or more beyond the ilioischial line in any of the pelvic incidences (anteroposterior and
Judet view). In those patients, a serial investigation was initiated by a CT angiography, fol-
lowed by a vascular surgeon evaluation. The investigation proceeded if necessary. The main
goal was to assure a safe tissue plane between the hardware and the vessels.

Results

In ten at-risk patients undergoing revision hip arthroplasty and submitted to our algorithm,
six were recognized as being high risk to vascular injury during surgery. In those six high-risk
patients, a preventive preoperative stent was implanted before the orthopaedic procedure.
Four patients needed a second reinforcing stent to protect and to maintain the vessel anato-

my deformed by the intrapelvic implants.

Conclusion

The evaluation algorithm was useful to avoid blood vessels injury during revision total hip

arthroplasty in high-risk patients.
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Introduction

Vascular injuries during revision of total hip
arthroplasty (revision THA) can be a cata-
strophic complication. The critical point
generally occurs during the removal of
intrapelvic components. It is difficult estimate
the exact prevalence of vascular injury during
revision THA. Shoenfeld et al' described an
overall 7% mortality rate, and a 15% inci-
dence of limb loss when an injury occurs.
The main risk factors include revision proce-
dures, left side procedures, and intrapelvic
migration of the acetabular component of
the hip prosthesis.

Because their proximity of the acetab-
ulum, the external iliac, obturator, gluteal,
and femoral vessels are at higher risk during
revision THA.%* According to Kawasaki et al,*
the external iliac veins are located notably

closer to the pelvis when compared to the
arteries at all axial levels in CT scans. They
are closest in the left hip, and in around 36%
of the time, the iliac veins lay directly on the
osseous surface of the pelvis.

To safely intrapelvic implants removal, it is
essential to undertake thorough preoperative
planning. Depending on the several factors,
such as the time between the beginning of
the symptoms, degree of osteolysis, or pres-
ence of infection, the component position
can change dramatically from its original
site. In other cases, a poorly performed THA
with cement extravasation or screws misposi-
tioning can impose high surgical difficulties.

Preoperative assessment is based on
a complete radiological workup, and
depending on the position of the implant,
angio-CT should be ordered. In many cases,
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a retroperitoneal approach must be considered in pres-
ence of some residual bone shell, an intrapelvic foreign
body, or a path deviation from normal in a vascular
bundle or the ureter.’

In patients with high risk of vascular injury during
revision THA, one alternative to protect the vessels is
perform a lower limb vascular access immediately before
the surgery. In this situation, a guide wire can be inserted
and “left in position”, to be used as necessary. In case of
transoperative vascular injury, a balloon could be inflated
or a vascular endoprosthesis (covered stent) could be
promptly positioned.® Another alternative is insert the
stent previously to the orthopaedic surgery,” also named
by us as “preventive stenting”.

This article describes our step-by-step algorithm to
evaluate the patient for revision THA with intrapelvic
implants and their vascular injury risk. With this investiga-
tive approach, we were able to identify patients who are

at high risk of injury to the iliac vessels and then decide
who could benefit from a preventive stent insertion.

Methods

This study was approved by the Research Ethics Committee
of Hospital de Clinicas de Porto Alegre, Brazil (no. 2020
to 0338). This study was conducted in accordance with
guidelines by the National Institutes of Health. Between
the patients submitted to revision THA in the period of
2015 to 2020, we identified ten with transoperative risk
for vascular injury. We consider at risk to be when, in
any radiological incidence (anteroposterior (AP), alar, or
obturatriz), there were components or cement migra-
tion 5 mm beyond the ilioischial line (Figure 1). These
ten patients were submitted to our investigative algo-
rithm (vascular surgeon evaluation, angio-CT, ecodop-
pler, angiography, and intravascular ultrasound (IVUS))
and, after this reclassified as low or high risk (Figure 2);

Fig. 1

Pelvis anteroposterior radiograph demonstrating two screws (red arrow) overlapping the ilio ischiatic line (red line) > 5 mm. Itis a red flag to vascular injury

during revision total hip arthroplasty.
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Flux diagram of progressive investigation of patients at vascular injury risk.
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high risk means extremely close distance between ortho-
paedic device and blood vessel wall (< 5 mm and/or
vessel deformity and/or vessel compression).

Those patients with a positive radiograph, i.e. a radio-
graph in which the ilioischial line is exceeded 5 mm or
more by the orthopedic implant (screw, cage, cement,
etc.), were submitted to abdomen and pelvis CT angio-
gram, followed by a vascular surgeon consultation.
This evaluation was directed to a two-fold aim: to stab-
lish the proximity between intrapelvic components to
pelvic vessels in CT axial, coronal, and 3D reconstruc-
tion images, and to evaluate the inflammatory complex
surrounding the pelvic components. If there was a clear
tissue plane between those structures, the patient was
cleared for surgery. On the other hand, if medial disloca-
tion of vascular structures, a questionable plane or failure
in obtaining clear images due to artefacts, the patient
was submitted to a Duplex scan examination. Duple scan
is ordered to evaluate images, flow velocities and config-
uration of arterial and venous waves. In case of technical
difficulties (e.g. depth of the vessels, obesity, or overlying
bowel gas) or a clear alteration in images or velocities,
the patient was submitted for angiography. Most of the
time, only venous angiography was performed since
arterial lesions as compression or dislocation are rare and
were easy to be ruled out in previous examinations.

If it was not possible to observe a safe distance
between vessels and orthopaedic implants, an IVUS was
performed during the same procedure. IVUS allows the
assessment of the vessel lumen, vessel wall, and their
proximity to metallic components (Figure 3). In the
absence of compression and identification of a tissue
plane between vessel and component, the patient was
cleared for surgery. When injury/dislocation of the
iliac vein was depicted, a covered balloon-expandable
nitinol stent was implanted. If the post-implantation
IVUS examination showed a significant compression
of the stent mesh, a second higher radial force venous
dedicated stent was implanted inside the first stent
(Figure 4).

Results

After evaluation of the AP radiograph, alar oblique view,
and obturator oblique view, 150 patients were evaluated
and ten were identified as being at risk of vascular injury
during transoperative time (Table ). All patients were
submitted to our algorithm.

Six patients were recognized as being at high risk
of vascular injury (distance = 5 mm between vessels
and implant), and a preventive preoperative stent was
inserted before the revision THA. Four patients needed
an inner reinforcing stent to recover vessel diameter.

In all patients submitted to stent insertion, the main
vessel at risk was the extern iliac vein, particularly its

transition to femoral common vein. There were no
complications during stent insertion.

No patient submitted to stent insertion presented
abnormal bleeding during surgery. There was no
abnormal drop in red blood cell count and hematocrit
in the postoperative period.

One patient presented deep venous thrombosis
(DVT) in the ipsilateral leg seven days after the revi-
sion THA. It was treated with the institutional protocol
for anticoagulation with success. There were no other
complications.

Discussion

Despite being unusual, there are several reports of
vascularinjury during THA and revision THA. Abularrage
et al® in 41,633 arthroplasties (knee and hip; primary
and revision) identified lower limb arterial injuries in
0.20% of revision THAs. The risk factors identified were
revision THA (odds ratio (OR) 2.7) and African American
race. Shoenfeld et al' also considered that revision THA
and intrapelvic implant migration were the main risk
factors to vascular injury. It is estimated that 40% of
vascular injuries in the hip occur during revision THA.>?

Most of the vascular injuries occured during revi-
sion THA intrapelvic implant removal, and were most
commonly periprosthetic fibrosis, metallosis, and
infection. Inflammatory tissue developing around the
implants increases the vessel wall adherence and fria-
bility, resulting in higher vascular injury risk. Previous
chronic vascular disease or irradiation could also
contribute to worsening fragility of the vessel.

Revision THA planning begins with AP pelvis radio-
graph and lateral radiograph views. In a cadaveric study,
Galat et al'® found that the obturator and iliac oblique
(Judet) views were most useful in defining screw posi-
tion. The iliac oblique view clearly revealed screws that
violated the quadrilateral surface and therefore were
directed toward the obturator vessels and nerve. The
obturator oblique view revealed screws that violated
the anterior column and therefore were directed toward
the external iliac vessels. The lateral view additionally
clarified such screws by determining general anterior or
posterior direction. However, we consider that the AP
pelvis radiograph view can trigger the first red flag sign,
mainly if any implant is breaking the ilioischial line.

Itis important to highlight that some cement brands
used in the past were not radiopaque. To avoid this
pitfall, it is fundamental to observe in many radiolog-
ical views if the characteristics of the femoral stem and
the acetabular component are indicative of cemented
implants. Review of the medical records, if available, for
surgical description can also be helpful. The amount
of extruded material is less important than the loca-
tion of extrusion. This is particularly true in anteriorly
extruded cement. This cement may not be as apparent
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Fig. 3
Intravascular ultrasound image. Vein wall (red circle) is extremely close (< 5 mm) to the screw (red arrows).

on a standard AP view of the pelvis, but may place the
femoral vessels at risk during extraction.”

In some cases, the removal of intrapelvic implants, as
reinforcement cages, cups, and metal back withimportant
intrapelvic dislocation, is performed by abdominal
approach. The surgical removal strategy depends on the
implant shape, size, and location. The final result often is
the increase in surgical time, complexity, and morbidity.™

The initial goal in our algorithm was to identify radio-
logical signs of risk for vascular injury during implant
removal. Due to mortality and morbidity associated
with acute vascular injuries or their late consequences,

we considered high suspicion to be essential in all cases
where any orthopaedic implant overtake the ilioischial
line more than 5 mm.

We adopted 5 mm of distance in first x-rays view
because this is the shortest measurement between the
nearest blood vessel (extern iliac vein) and the bone land-
marks, as observed by Kawasaki et al* in an angio-CT
anatomical study. In these cases, after radiograph views,
we always request an angio-CT. Periprosthetic join infec-
tion mustbe always investigated since thereis anincreased
risk of vascular injury secondary to inflammatory local
reaction. In addition, in cases in which a distance > 5 mm
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Fig. 4
a) CT pelvis showing intrapelvic screws (red arrows) on the right side.b) Venography demonstrating iliac external vein stenosis caused by screws. c)
Venography showing balloon at the stenosis site.d) Venography after stent insertion. The image shows the full flow in iliac external vein. The patient was
prescribed dual antiplatelet therapy with 100 mg of aspirin and 75 mg of clopidogrel daily for four weeks since the literature suggests that this a critical
period o for early stent occlusion. Before surgery, antiplatelets were suspended one week before the planned surgery.

Table 1. High-risk patient profile.

Sex Age, yrs Side Initial risk Final risk Stent Vessel at risk
Female 78 Right High Low No No vessel
Female 59 Right High High Yes lliac extern vein
Female 48 Left High Low No No vessel
Female 61 Left High High Yes lliac extern vein
Male 72 Right High Low No No vessel
Female 66 Right High Low No No vessel
Female 56 Left High High Yes lliac extern vein
Female 71 Left High High Yes lliac extern vein
Female 67 Right High High Yes lliac extern vein
Female 63 Left High High Yes Iliac extern vein

is not visualized between the closest blood vessel and with severe osteolysis without the presence of medially
the bone landmark, such as in superolateral migration
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located metallic artifacts or cement, are of low risk for
these lesions.

The angio-CT scan provides a better understanding
of the relationship between major blood vessels and
intrapelvic implants, as well as providing information
of the relationship with other intrapelvic organs (bowel,
bladder, ureter), and the extension of the inflammatory
reaction caused by these components.*'® Whle it may
have some limitations with metal or other materials
that create artefacts, anatomical variant, or other local
conditions (i.e. presence of gas in bowel), angio-CT still
provides a lot of information without the necessity of
invasive procedures.

In cases of inconclusive angio-CT, an arterial and
venous duplex scan was ordered. However, in some
patients, there are technical difficulties mainly because
of deep vessels location, the presence of bowel gas, or
an enlarged abdomen. When a good acoustic window
was not possible to obtain, an indirect evaluation was
performed.’ Despite ultrasound limitations, we consid-
ered this method useful, especially because of its low cost
and wide availability.

Another investigative tool is an invasive angiography
and/or venography. Metallic artefacts may jeopardize a
proper isualization of main vessels and, in this situation,
an IVUS was performed. The IVUS allows us to identify
the parietal vessel architecture and its relations with close
structures (vessels, bone cement, or metal) up to 5 mm
of distance. To our knowledge, this is the first study that
uses IVUS to evaluate extrinsic vessels compression by
metallic implants or cement.

If the safe distance between intrapelvic implant and
vessel was 5 mm or less and/or there was a clear compres-
sion or lesion of the vessel, a percutaneous coated stent
was inserted to protect the vessel and improve the blood
flow.

Stenting can prevent acute (bleeding) and chronic
(pseudoaneurysm and arteriovenous fistula) complica-
tions, as described by several authors.®'>'* On the other
hand, preventive stenting was rarely reported in series
or case reports.’

In 2016, we began a pilot project with the main
purpose of avoiding or diminishing the risk of vascular
injury during revision THA. In our first two cases,
immediately before the orthopaedic surgery, a sheath
and guidewire were inserted in the vessel at risk. In the
case of a vascular injury, a stent could be immediately
placed. This procedure is very similar to that described
by Asemota et al® in 2018. According to that author,
the technique improved vascular visualization before
revision THA,? allowed for precautionary placement of
a vascular access sheath,*avoided arbitrary stent place-
ment, and avoided the potential surgical complexity of
repairing a stented vessel.*

We have a different understanding related to Asemota
et al.¢ First, the sheath and guidewire are located ante-
rior in proximal thigh, and in cases of a posterolateral
approach, it is necessary to change the patient position
to implant the stent with precision. The time elapsed
to place the patient in the proper position, ensure the
presence of a vascular surgeon immediately (with all
endovascular set of sheaths, guidewires and stents of
several diameter and lengths), and the image setup
may be very long; if an arterial lesion is present, this
can be a life-threatening situation. Second, after stent
placement, a dual antiplatelet therapy is necessary to
avoid stent occlusion, therefore increasing the risk of
bleeding specially when in combination with other
anticoagulants. Third, in cases of arterial or venous
laceration, it is difficult to cross the lesion with the stent
and open surgery is sometimes necessary, increasing
the risk. Fourth, an arbitrary stent placement could be
avoided by an exhaustive preoperative investigation
protocol.

The coated polyte-trafluoroethylene’s (PTFE) stent
allows high security to revision THA. This stent decreases
the risk of vessel laceration in transoperative time. In
four patients, due to significative compression by the
intrapelvic implant and gross secondary inflammatory
reaction implantation of an inner reinforcing stent was
necessary.

The arterial injury is the most common injury
describing in the literature. In a review, Alshameeri et
al® identified a total of 61 articles (51 individual case
reports and ten case series). The vascular injuries
have been reported in all the main vessels around the
hip, and the most frequent vessels injured were the
common femoral artery, extern iliac artery, profunda
femoral artery, superior gluteal artery, and extern iliac
vein. In their study, most injuries occurred in females
and on the left side.

In our case series, the main vessel at risk was the
vein, not the artery. More precisely, the external iliac
vein transition to femoral common vein. Our findings
match with the anatomical study conducted by Kawa-
saki et al.* These authors, in a well-conducted angio-CT
study, evaluated the relation between the main vessel
position and bone landmarks. According to their obser-
vations, the external iliac vessels were located closer to
the pelvis as they exit the pelvic cavity and, in particular,
the left side vessels were located closer to the pelvis
than those of the right side at all levels. The external
iliac veins were located notably closer to the pelvis than
the arteries at all axial levels.

We agree with these observations, particularly
because all our stents were inserted in external iliac
veins. We believe that venous injuries have been under-
reported in the literature. Venous bleeding can be
stopped by the subsequent contained retroperitoneal
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haematoma that compress the vessel, and so be unno-
ticed during surgery. It seems possible that many post-
operative lower limb oedemas and DVT could be result
from a not diagnosed venous injury.

One patient developed DVT immediately after
surgery. In this case, the interval between the stent
placement and surgery was less than seven days,
though we felt that the interval was overly short. After
this case, we considered extremally necessary to wait at
least 30 days between the vascular and the orthopaedic
procedures. In this period, the patient must receive
dual-platelet therapy.

In our orthopedics service, all the revisions
performed used the posterolateral approach, and it is
for this reason that we are careful to exclude risk factors
for vascular injury. In the event of an arterial or venous
injury, if the patient is in lateral decubitus, access to the
iliac vessels is difficult, requiring a change of decubitus
and prompt action by the vascular surgeon, aspects
that increase time, bleeding, and risk to the patient.

Our study has many limitations. The low number
of patients, absence of a control group, and a single
surgical team study limits the use of recommendation
widely. However, this investigation algorithm could be
the first step in more robust multicentric studies to eval-
uate its efficiency in the vascular injury prevention.

In conclusion, the progressive investigation, begin-
ning with a basic exam (radiograph), and the serial
exams was useful in identify high risk patients to
vascular injury during revision THA. The “preventive
stent” could be an alternative to minimize vascular
injury in revision THA.

A Take home message

’) - In ten at-risk patients undergoing revision hip arthroplasty
and submitted to our algorithm, six were recognized as being
high risk to vascular injury during surgery.

- This article demonstrated it is useful to avoid blood vessels injury

during revision total hip arthroplasty in high-risk patients.
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