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Preoperative arterial and venous embolization of heterotopic 
ossification of the hip: a case-control study

PURPOSE
Heterotopic ossification (HO) is an abnormal bone mass in soft tissue, often complicating spinal 
cord or brain injuries with paralysis. When ossification limits joint amplitudes and becomes symp-
tomatic, surgical excision may be necessary, although it carries a high risk of hemorrhage. This study 
evaluates the role of preoperative arterial embolization on peri-operative bleeding.

METHODS
A retrospective case-control study was conducted on patients undergoing hip HO resection be-
tween September 2019 and April 2024. Only anteromedial or circumferential HO were included. 
Data on blood loss, transfusion requirements, duration of surgery, and length of hospital stay were 
analyzed. Embolization was performed with microspheres 500–700 μm and/or coils. Statistical sig-
nificance was determined using the Mann–Whitney U test (P < 0.05).

RESULTS
A total of 18 resections of HO and 9 preoperative embolizations were performed. Embolization was 
technically successful in all cases, with an average of 1.2 embolized arteries per patient. Venous 
embolization was performed in three specific cases. The mean surgical time was 127 min. The es-
timated mean blood loss was 1.789 mL, with no significant reduction with embolization (P = 0.25). 
However, embolized patients had a significantly shorter hospital stay (6.2 vs. 8 days, P = 0.03). One 
complication (arterial thrombosis downstream of the puncture site) was reported and successfully 
treated.

CONCLUSION
Preoperative embolization may improve recovery by shortening hospital stay; however, its impact 
on surgical bleeding remains unclear. Further studies are needed to refine embolization strategies 
and evaluate long-term outcomes, including recurrence rates.

CLINICAL SIGNIFICANCE
Preoperative embolization is a promising adjunct to complex HO hip resections, with a favorable 
safety profile that justifies its consideration in multidisciplinary surgical planning.
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Heterotopic ossification (HO) is a prolif-
eration of heterotopic extra-articular 
calcifications.1 It is a common compli-

cation following brain or spinal cord injury 
with paralysis, appearing within the first 6 
months in nearly 20% of patients.2

When HO significantly impairs quality of 
life by limiting joint mobility and causing 
pain, surgery is often required.3,4 Surgical 
resection, though effective, is associated 
with substantial intraoperative bleeding due 
to the hypervascular nature of HO, and the 
presence of multiple vessels feeds these os-
sifications. Although tranexamic acid can 
reduce bleeding in orthopedic surgery, its 
efficacy in HO resection remains limited.5 
One way of limiting peri-operative bleeding 
could be preoperative embolization. How-
ever, although preoperative embolization 
is well-documented in reducing bleeding in 
malignant bone tumors, its role in HO resec-
tion remains underexplored, with only a few 
cases reported.6

The primary objective of this study is to 
evaluate the efficacy of pre-operative arte-
rial embolization in reducing peri-operative 
bleeding during HO resection. Secondary 
objectives include assessing the safety of the 
procedure and its impact on operative time 
and hospital stay.

Methods

Study design

This retrospective case-control study in-
cluded 18 surgical resections of symptomatic 
HO of the hip between September 2019 and 
April 2024. The inclusion criteria were age > 
18 years and symptomatic circumferential or 
antero-medial HO requiring anterior surgi-
cal resection (Figure 1). HO was considered 
symptomatic when it caused functional dis-
comfort or persistent pain or when signs of 
neuronal or vascular compression appeared.

Nine non-embolized cases came from a 
previous study in which patients underwent 
surgery between September 2019 and Janu-
ary 2022.7 From January 2022 onward, a mul-
tidisciplinary meeting including the surgical 
team and the interventional radiology teams 
took place before any resection of HO con-
sidered by the surgeon to be at high risk of 
bleeding to decide if preoperative emboliza-
tion was required for the patient. High hem-
orrhagic risk was defined by the presence 
of major vessels embedded within the HO 
mass, making surgical exposure and poten-
tial ligation in case of bleeding particularly 
difficult. Nine preoperative arterial emboli-
zation operations were performed between 
January 2022 and April 2024; 7 patients un-
derwent surgical resection of circumferential 
or antero-medial HO without preoperative 
embolization after January 2022 but were 
not included in this study, as they were con-
sidered by the surgeon to be at moderate 
risk of bleeding.

The following data were collected: age, 
sex, weight, height, body mass index, etiology 
of HO, size of HO, time from surgery to hospi-
tal discharge, preoperative and postoperative 
hemoglobinemia, blood transfusion details, 
and operative time. For embolized patients, 
the following data were also collected: pro-
cedure length (time from preparation of the 
patient’s groin until the time of the last image 
acquired), dose area product, fluoroscopy 
time, and number of embolized vessels. Blood 
mass was estimated at 70 mL/kg. Blood loss 
was calculated using Gross’ formula, based 
on the difference between preoperative he-
moglobinemia and the lowest postoperative 
hemoglobinemia during hospitalization.8

Prior to embolization and surgery, com-
puted tomography (CT) angiography was per-
formed in all patients to plan the embolization 
and surgical procedure [SOMATOM Definition 
AS (Siemens Healthineers, Erlangen, Germa-
ny)]. A biphasic CT scan was performed, with 
a first injection of 120 mL of iodinated con-
trast medium (Iomeron 400 mg/mL, Bracco 
Imaging) at a speed of 1.5 mL/s immediately 
followed by a second injection of 80 mL at a 
speed of 3 mL/s. The CT scan was triggered 
135 s after the start of the first injection. 
Multi-planar reconstructions were produced, 
along with three-dimensional images show-
ing bone and the vascular tree. In a single ac-
quisition, this protocol enables the radiologist 
and surgeon to locate the vessels in the surgi-
cal pathway easily and to plan embolization.9

Arterial and venous embolization  and the 
surgical procedure

All procedures were performed under lo-
cal anesthesia in an angiographic unit (Azuri-
on©, PHILIPS, Amsterdam, Netherlands) by 
two interventional radiologists with 8 (RA) 
and 25 (EHM) years’ experience in interven-
tional radiology. After percutaneous intro-
duction of a 5 Fr sheath into the femoral ar-
tery contralateral to ossification, a 5 Fr Cobra 
2 catheter was used to cross-over and cath-
eterize the deep femoral artery. Selective 
catheterization was then performed with a 
microcatheter (2.4 Fr and 2.7 Fr Progreat©, 
Terumo, Tokyo, Japan; 2.4 Fr Maestro©, Merit 
Medical, South Jordan, USA). Microspheres 
500–700 μm (Embogold©, Merit Medical, 
South Jordan, USA) were then injected until 
the tumor blush disappeared, followed by 
coils (Nester© CookMedical, Bloomington, 

Main points

•	 Preoperative embolization is feasible and 
technically successful in all cases of high-risk 
hip heterotopic ossification.

•	 Hospital stay was significantly shortened in 
embolized patients compared with those 
who were non-embolized.

•	 Venous embolization has been performed 
in selected cases and requires further stud-
ies to assess its efficacy.

Figure 1. Flowchart. HO, Heterotopic ossification.
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USA; Mreye© CookMedical, Bloomington, 
USA). Technical success was defined as com-
plete occlusion of the feeding vessels in the 
surgical pathway. As the surgical approach 
was anterior, only feeding vessels located 
anterior to the HO were considered on the 
surgical path.

Venous embolization was requested by 
the surgeon when one of the main branches 
of the femoral veins he planned to clamp was 
surrounded by HO, as these veins present a 
particular surgical challenge due to their 
proximity to ossified tissue, making them 
difficult to isolate and clamp during dissec-
tion. Venous embolization was intended to 
facilitate surgical exposure and potentially 
minimize intraoperative bleeding. Venous 
embolization was performed under local an-
esthesia by the same interventional radiolo-
gists. After percutaneous introduction of a 5 
Fr sheath into the femoral vein contralateral 
to ossification, a 5 Fr Cobra 2 catheter was 
used to cross-over and catheterize the lateral 
circumflex vein. Embolization was then per-
formed with coils.

Surgery was scheduled shortly after em-
bolization, usually the following day, before 
any new vascularization occurred. Surgery 
was performed via an anterior approach 
similar to an extended Hueter approach, 
extending proximally along the iliac crest to 
the medial gluteal tuberosity and distally to 
the junction between the middle and upper 
thirds of the thigh.4,10

The French Ethics Committee for Medi-
cal Imaging Research (CERIM) approved this 
retrospective study and waived the require-
ment for written informed consent (approval 

number: CRM-2501-462, date: 23.03.2025).

Statistical analysis

Due to the small size of the study, the 
non-parametric Mann–Whitney U test was 
used for quantitative values. A P value of < 
0.05 was defined as statistically significant. 
Statistical analyses were performed using 
R version 4.4.2 (R Foundation for Statistical 
Computing, Vienna, Austria).

Results
Of the 18 cases of HO included, 16 were 

neurogenic HO and 2 were related to pro-
longed hospitalization in an intensive care 
unit (Table 1); 9 pre-operative embolizations 
were performed (Figure 2). All embolizations 
were technically successful, defined as em-
bolization of vessels in the surgical tract, with 
an average of 1.2 arteries embolized (Table 
2). HO was generally supplied by branches 
of the medial and lateral circumflex femoral 
arteries as well as by perforating branches of 
the deep femoral artery. Embolization most 
frequently involved branches of the lateral 
circumflex femoral artery, with additional 
vessels targeted when they were located 
within the planned surgical field (Figure 3). 
Three patients also benefited from emboli-
zation of the lateral circumflex vein, which 
was located on the operative path (Figure 
4). The estimated mean blood loss was 1.789 
mL, with no significant difference between 
embolized and non-embolized patients (P = 
0.25). Six patients (33%) required transfusion 
during their hospital stay. The mean opera-
tive time was 127 min, with no significant dif-
ference between groups. The mean length of 

hospital stay after surgical resection was 7.1 
days and was significantly shorter in emboli-
zed patients than in non-embolized patients: 
6.2 days vs. 8 days (P < 0.05).

One complication was reported in the 
embolization group, classified as Grade 3 ac-
cording to the Cardiovascular and Interven-
tional Radiological Society of Europe classifi-
cation system.11 This involved the thrombosis 
of a distal artery downstream of the punc-
ture site, which was effectively treated with 
thrombolytics. However, surgery had to be 
postponed for 2 months.

Discussion
This study evaluated the efficacy and safe-

ty of preoperative embolization on peri-op-
erative bleeding prior to resection of HO. 
Only patients presenting with circumferen-
tial or anteromedial HO were included in this 
study, as these patterns are associated with 
the highest risk of bleeding.12

Preoperative embolization was associated 
with a significantly shorter hospital stay com-
pared with patients without embolization. 
However, no significant differences were ob-
served in terms of blood loss or blood trans-
fusion requirements. This differs from the 
case-control study by Papalexis et al.,6 who 
found a reduction in transfusion require-
ments and hemoglobin loss after pre-em-
bolization with cyanoacrylate glue. In our 
study, the mean number of arteries embo-
lized was 1.2. The interventional radiologist 
endeavored to embolize only vessels locat-
ed in the surgical pathway, thereby limiting 
the risk of osteonecrosis in healthy bone. 

Table 1. Continuous data are presented as the mean and standard deviation. Categorical data are shown as the number and percentage 

Baseline characteristics Embolization n = 9 No embolization n = 9 Total n = 18 P value

Age (years) 41 (13.7) 51.7 (12.1) 46.3 (13.7)

Male, n (%) 8 (88.9%) 8 (88.9%) 16 (88.9%)

Body mass index 23 (3.9) 24.3 (4.1) 23.7 (4)

Etiology

- Brain injury, n (%) 3 (33.3%) 3 (33.3%) 6 (33.3%)

- Spinal injury, n (%) 5 (55.6%) 5 (55.6%) 10 (55.6%)

- Prolonged stay in intensive care, n (%) 1 (11.1%) 1 (11.1%) 2 (11.1%)

Pre-operative hemoglobinemia (g/dL) 13.6 (1.1) 13.3 (1.3) 13.5 (1.2)

Estimated blood volume (mL) 5,024 (876) 5,616 (1219) 5,320 (1,074)

Heterotopic ossification volume (mL) 757 (471) 570 (305) 664 (397)

Post operative follow-up

Operative time (min) 115 (38) 139 (38) 127 (39) 0.31

Hospital stay duration (days) 6.2 (3.1) 8 (3.9) 7.1 (3.5) 0.03

Estimated blood loss (mL) 2,097 (1,150) 1,497 (683) 1,796 (968) 0.25

Units of blood transfused 1.2 (2) 0.9 (1.5) 1.1 (1.7) 0.87
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In the study by Papalexis et al.,6 the operator 
embolized an average of 2.6 arteries and > 
90% of the arteries feeding the ossification. 
Thus, intraoperative bleeding also depends 
on the complexity of the surgical procedure, 
which is difficult to quantify. The retrospec-
tive case-control design of our study, with 
selection based on perceived bleeding risk, 
introduces a strong selection bias, which 
may explain why we did not achieve a signif-
icant reduction in bleeding. Other possible 
explanations are the use of particles rather 
than glue and the limited number of arteries 
embolized. Future studies could determine 
the best strategy.

The embolization procedure demonstrat-
ed a favorable safety profile, with only one 

complication observed across all cases, re-
lated to arterial puncture. None of the other 
cases reported in the literature had compli-
cations related to embolization.13-17 

We only studied patients operated on 
via the anterior approach, in whom the risk 
of bleeding is highest.12 However, given the 
safety profile of embolization, it would be in-
teresting for further studies to examine the 
effect of preoperative embolization for other 
surgical approaches. Nevertheless, preoper-
ative embolization of the HO has the same 
disadvantages and risks as other preopera-
tive embolizations, including non-targeted 
embolization, risk of vascular complications, 
and increased overall cost.

The three cases of venous embolization 
in this study are the first published in the 
literature for this indication. Although this 
study does not assess the efficacy of this 
embolization, this technique could per-
haps be of interest in special anatomical 
circumstances, notably when large veins 
are embedded in the ossification, as they 
are difficult to manage by the surgeon and 
can lead to life-threatening bleeding.18,19 

Unfortunately, we were unable to carry 
out a long-term follow-up of our patients, 
as half of them were referred to us for sur-
gery and, after the 1st year, conducted their 
follow-up elsewhere. It would be interesting 
in the future to determine whether emboli-
zation can limit the risk of symptomatic re-
currence of HO.

This study has several limitations, includ-
ing its retrospective design with non-ran-
dom allocation and the small sample size. 
Thus, it remains possible that HO manage-
ment improved during the study and that 
the observed effect on hospital stay is due 
solely to this, as this is a before-and-after 
study. Moreover, the length of hospital stay 
is not the best criterion in open-label stud-
ies, as medical staff may be encouraged to 
discharge patients, knowing they have been 
embolized.

In conclusion, preoperative embolization 
appears to be a safe adjunct to HO resection, 
significantly reducing hospital stay. Howev-
er, its impact on surgical bleeding remains 
unclear. Further research is needed to refine 
embolization techniques and evaluate long-
term outcomes, including recurrence rates. 

Table 2. Continuous data are presented as 
the mean and standard deviation

Endovascular procedures

Number of embolized arteries 1.2 (0.8)

Procedure length (min) 81 (32)

Fluoroscopy time (min) 20 (8)

Dose area product (Gy.cm2) 63 (33)

Figure 2. Pre-operative (a, b) and postoperative (c, d) computed tomography scan of the left hip in the maximum-intensity projection.

a

c

b

d
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Figure 3. Angiographic views of the left hip (same patient as Figure  1). (a) Angiography of the deep femoral artery, showing pseudotumoral hypervascularization 
originating from the lateral femoral circumflex artery. (b) Angiography of the deep femoral artery after embolization of branches of the lateral femoral circumflex 
artery, showing reduced hypervascularization and the persistence of pseudotumoral blush from branches of the medial femoral circumflex artery. These arterial 
branches were not embolized, as they were not on the operative path. (c, d) Selective angiography of the lateral circumflex femoral artery prior to embolization.

a

c

b

d

Figure 4. Phlebography of the left femoral vein. (a) Pre-embolization phlebography showing the lateral circumflex vein. (b) Post-embolization.

a b
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