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Introduction
Arteriovenous hemangiomas are now known as arteriovenous 
malformations (AVMs), are uncommon congenital vascular 
lesions. Two forms exist firstly, vascular tumors (hemangiomas), 
and secondly, vascular malformations, according to The 

International Society for the Study of Vascular Anomalies. Latter 
is further divided into venous malformations, capillary 
malformations, lymphatic malformations, arteriovenous 
malformations (AVMs), and combined lesions. AVMs contain 
abnormal shunts between arteries and veins with high-flow 
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The main problem is to decide the types of implants and whether open or closed reduction. Here, we present a case series of pathologic femoral 
shaft fracture associated with multiple hemangiomas in the thigh that was treated successfully by minimally invasive distal femoral locking plate 
fixation and teriparatide. 
Case Presentation: We are describing our one index case. A 39-year-old woman, otherwise healthy, sustained a fall and developed a left femoral 
shaft fracture. At the time of admission, she had swelling and venous varicosities and non-itchy, blanchable violet patches over the left thigh. Plain 
radiography of the left thigh revealed Hypoplastic femoral shaft with a markedly obliterated medullary canal with distal 1/3 rd fracture with 
calcification of soft tissue. We planned open reduction and distal locking femoral plating because medullary canal was very small to accommodate 
intramedullary nail following embolization  of the feeding artery. While performing open reduction, a considerable amount of bleeding (1300 
ml) after incision of subcutaneous tissue occurred. After successful fracture fixation, union was achieved with administration of teriparatide 12 
months postoperatively. At present patient is able to walk using elbow support.

Introduction: Extremities arteriovenous malformations are uncommon vascular lesions that usually go unnoticed until a fracture occurs or 
imaged for other medical problems. The lesion is invariably quiescent, infiltrative in nature, and leads to the destruction of soft tissue and bone. 
Worldwide 20-30 % incidence of arteriovenous malformations has been noted in bones. This arteriovenous malformation greatly affects bone 
growth as compared to the normal side and leads to pathological fracture. However, few reports on the management of such pathologic fractures 
associated with AVM have been published in the literature.

Keywords: Arteriovenous hemangiomas, pathological fracture femur, bleeding.

Conclusion: We present the five cases of pathologic fracture associated with large AVMs that achieved fracture union using minimally invasive  
distal femoral locking plate fixation and teriparatide.
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While dealing with major bone fracture associated with vascular malformation a multispecialty approach should be consider.
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Hypoplastic femur with pathologic femoral shaft fracture associated with 
extensive arteriovenous malformations. A series of five cases
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Arteriovenous hemangiomas, often called arteriovenous 
malformations (AVMs), are a type of congenital vascular 
abnormality. The International Society for the Study of 
Vascular Anomalies described two forms first, vascular tumors 
k n o w n  a s  ( h e m a n g i o m a s) ;  a n d  s e c o n d ,  v a s c u l a r 

malformations [1,2]. AVMs most commonly occur in the 
extremities, facial bone, and pelvis and are usually goes 
unnoticed, which leads to late expansion and ultimately, 
infiltration and destruction of local soft tissue and bone [3]. 
AVMs can also lead to local bony changes by weakening them 
and finally pathologic fracture [4,5,6]. There are several 
treatment options for AVM, including conservative therapy 
with fitted pressure corticosteroids [7], garments systemic [8], 
embolization [9], radiation [10,11], sclerotherapy [12], and 
surgical removal [13], or a combined of these modalities 
[14,15]. The incidence of skeletal involvement especially long 
bones by AVM has been reported to be 20 to 31% [13,16]. In the 
present literature, few reports on the management of pathologic 
fracture associated with AVM has been reported [5,17,18].
Teriparatide, a parathyroid hormone (PTH) analogue of PTH, 
which is used in treatment of osteoporosis [19]. Recently, many 
studies have shown its use in fracture healing [20, 21, 22]. We present five cases of pathologic fracture with hypoplasia of 

bone and associated with extensive hemangiomas that achieved 
fracture union using limited open reduction and distal femoral 
locking plate fixation and supplementation with teriparatide.

Conclusion

Here, we present five cases of pathologic femoral shaft fracture 
associated with extensive AVMs that achieved fracture union 
using a minimally invasive distal femoral locking plate fixation 
and teriparatide therapy.

Case Presentation 
We are describing our one index case. A 39-year-old woman, 
otherwise healthy, sustained a fall and developed a fracture 
distal third femur shaft on the left side. At the time of admission, 

she had swelling and bluish venous varicosities and non-itchy, 
blanchable violet patches over mid, and distal aspect of the left 
thigh. Plain X-ray of the left thigh revealed hypoplastic femoral 
shaft with a markedly obliterated medullary canal with distal 
1/3rd fracture with multiple soft-tissue calcification (Fig. 1). 
We planned open reduction and distal locking femoral plating 
because medullary canal was very small to accommodate 
intramedullary nail after feeding artery embolization. While 
performing open reduction, a considerable amount of bleeding 
(1300 mL) after incision from subcutaneous tissue took place 
and hemostasis was achieved. After successful fracture fixation, 
patient was put on inj teriparatide for 3 months and union was 
achieved with 12-month postoperatively. At present, patient is 
walking full weight bearing with the help of elbow support.

Background
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Figure 1: Pre-operative clinical picture and X-ray showing fracture distal 1/3rd femur and soft-
tissue calcification in computed tomography (CT) scan. (a) Clinical picture of thigh showing blur 
venous varicosities, (b and c) pathological fracture distal 1/3rd distal left Femur, and (d) CT 
angiogram showing multiple calcification.

Figure 2: Fracture union, (a) clinical picture with healed surgical wound, (b) post-operative X-ray, 
(c) at 6-month follow-up, (d) at 12-month follow-up (Fracture united).

Patient 1 2 3 (index case) 4 5

Age 29 38 39 48 41

Sex Male Female Female Female Female

BMI (kg/m
2
) 32.19±5.15 26.21±5.55 28.52±3.87 31.32±7.43 27.65±6.76

Side of involvements Right Left Left Right Left

Serum Vitamin D (ng/mL) 23.4 21.4 34.2 19.5 45.8

BMD (g/cm2) hip 0.69±0.07 0.78±0.04 0.57±0.02 0.82±0.13 0.95±0.10

Hb (g %) 9.12 12.6 13.6 11.4 11.2

Site of fracture (AO type) Distal 1/3
rd Mid shaft Distal 1/3

rd
Distal 1/3

rd
Distal 1/3

rd

32-A2 32-B2 32-A2 32-B2 32-A2

Type of implant used
Distal locking 

plate
locking plate

Distal locking 

plate

Distal locking 

plate

Distal locking 

plate

Approximate amount of blood 

loss (ml)
1400 1200 1300 1400 1300

Packed red cell transfusion 

given – (post-operative)
7 units 6 units 6 units 8 units 7 units

Platelets transfusion given – 

(post-operative)
6 units 5 units 6 units 7 units 6 units

Fresh frozen plasma transfusion 

given – (post-operative)
6 units 6 units 7 units 6 units 7 units

Table 1: Demographical characteristics of all five patients

BMI: Body mass index, BMD: Bone mineral density, Hb: Hemoglobin

Patients 1 2
3 (index 

case)
4 5

Union achieved in months 6 12 9 9 9

Complication

Infection - - - - -

Prolonged oozing of blood 1 - 1 - -

Delayed wound healing - 1 - - -

Implant loosening - - - - -

Non-union - - - -

Table 2: Time of fracture union and complications in all 

five patients



malformations. Latter is further subdivided into capillary, 
venous, lymphatic, and AVMs. These abnormalities have 
erroneous shunts between arteries and veins [1, 2]. These 
lesions are commonly seen in extremities, facial bone and pelvis, 
and usually goes unnoticed, which leads to expansion, 
infiltration, and ultimately destroy underlying tissue and bone 
[3]. AVMs can also lead to local bony changes by causing 
improper growth and hypoplasia that weakens them and finally 
leads to pathologic fracture [4, 5, 6]. Many treatment modalities 
are available for AVM management, including non-surgical 
therapy like fitted pressure corticosteroids [7], garments 
systemic [8],  embolization [9],  radiation [10, 11], 
sclerotherapy [12], and surgical removal [13], or a combine 
approach [14, 15]. The incidence of skeletal involvement 
especially long bones by AVM has been reported to be 20 to 
31% [13, 16]. In the existing literature, few similar cases 
reported on the management of pathologic fracture that 
coexisted with AVM [5, 17, 18].
Teriparatide is widely used in the treatment of osteoporosis 
[19]. Recently, many studies have shown its use in fracture 
healing as well [20, 21, 22]. We would like to present our 
experience of five cases of pathologic fracture of hypoplastic 
femur associated with extensive AVMs in which fracture union 
took place by limited open reduction and internal fixation by 
distal femoral locking plate and teriparatide therapy.

On arrival, in the emergence department, she had mild swelling 
and many light blue circular venous varicosities on the left thigh. 
The left thigh’s plain radiography revealed a fracture of distal 
1/3rd of femoral shaft with the hypoplastic femur and 
numerous phleboliths (Fig. 1b and c). Computed tomography 
(CT) scan revealed extensive AVMs and phleboliths in the thigh 
muscles more in quadriceps femoris and vastus lateralis muscle 
along with hypoplastic and hypotrophied femur. The 
intramedullary canal of femur was also very narrow (Fig. 1b and 

c). CT angiography of thigh showed that the AVMs were fed by 
the multiple branches of the deep and superficial femoral artery. 
We planned open reduction and internal fixation by distal 
femoral locking plate by limited open reduction (Fig. 2a-d).
Initially, feeding artery embolization was performed and on 
next day, she was taken for fracture fixation. Under spinal 
anesthesia, initially, closed reduction was tried but could not be 
achieved on the fracture table. Subsequently, we planned open 
reduction and internal fixation with titanium distal locking 
femoral plate; however, a considerable amount of bleeding 
(1300 mL) took place during the whole procedure. Total blood 
loss was 1300 mL, subsequently 6 units of packed RBC, 7�units 
of fresh-frozen plasma, and 6 units of platelet concentrate were 
administered. Patient was kept in the intensive care unit for 
close monitoring. All patients received IV antibiotics 
(Teicoplanin 400 mg 1 day before surgery and 4 days 
postoperatively thereafter).

We managed five patients of AVMs with hypoplastic femur 
fracture between January 2005 and March 2019; details are 
shown in (Table 1). We are here describing one index case. A 39-
year-old otherwise healthy woman sustained accidental fall and 
developed femur shaft fracture on the left side. On X-ray, she 
was detected to have a long-standing AVM in the left thigh with 
hypoplastic femur with a fracture. Before this recent injury, she 
was normal and was totally unaware of underlying AVMs. Three 
out of five patients were asymptomatic and unaware that they 
were having underlying AVMs in their thigh. However, two 
patients were aware of their AVMs as they were diagnosed in 
childhood. All included patients did not take any kind of 
medical or surgical treatment for AVMs.

Case Presentation

Compressive stockinet was applied to all patients’ immediately 
after surgery and no suction drain was placed. Every patient was 
given IV Tranexamic acid 500 mg thrice a day for 5 days. 
Subcutaneous Teriparatide (20 μg daily) was given to each 
patient for 12-month postoperatively. Initially, non-weight-
bearing walking was allowed using two axillary crutches for 3 
months and then partial weight bearing walking for another 3 
months and full weight-bearing walking thereafter. Follow-up 
X-ray was taken at 6, 9, and 12 months. In four patients, fracture 
union was achieved in 9 months, whereas it was 12 months in 
one patient (Table 2). We did not encounter any major 
complications in our series (Table 2).

Discussion
Our case series demonstrates that hypoplastic and pathological 
fracture femur associated with extensive AVMs can be 
successfully treated by plate fixation using limited open 
reduction and administration of subcutaneous teriparatide. 
The problems in our series were presence of extensive AVMs in 
a wide area around thigh and the femur. For fracture fixation, a 
locking plate or IM nailing was required. We encountered two 
problems. First, intramedullary canal was significantly narrow 
to accommodate nail and second, risk of profound bleeding 
during open reduction and internal fixation. The ideal 
procedure would be a closed reduction and external fixation 
device, but this method is not always possible, especially in 
developing country and unavailability of desired hardware 
inventory.
These AVMs are generally present at birth, progress silently and 
gradually, and manifest clinically later on with or without pain, 
ulceration, and swelling, a discrepancy in leg length, bleeding, 
and tortuous venous channels [13, 23]. Breugem et al. [13] 

27

www.jocr.co.in

Journal of Orthopaedic Case Reports Volume 12 Issue 3  March 2022 Page 25-29 |  |  |  | 

Gupta TP et al



www.jocr.co.inGupta TP et al

References

5. Takeuchi A, Matsubara H, Yamamoto N, Hayashi K, Miwa S, 

Igarashi K, et al. Successful treatment of pathologic femoral shaft 
fracture associated with large arteriovenous malformations using 
a 3-dimensional external fixator and teriparatide: A case report. 
BMC Surg 2019;19:35.

6. Ayhan S, Palaoglu S, Geyik S, Saatci I, Onal MB. Concomitant 
intramedullary arteriovenous malformation and a vertebral 
hemangioma of cervical spine discovered by a pathologic 
fracture during bicycle accident. Eur Spine J 2015;24:187-92.

3. Marler JJ, Mulliken JB. Current management of hemangiomas and 
vascular malformations. Clin Plast Surg 2005;32:99-116, ix.

2. Merrow AC, Gupta A, Patel MN, Adams DM. 2014 revised 
classification of vascular lesions from the International Society 
for the Study of Vascular Anomalies: Radiologic-pathologic 
update. Radiographics 2016;36:1494-516.

4. López-Gutiérrez JC, García-Miguel P. Skeletal hemangiomas and 
vascular malformations. J Pediatr Hematol Oncol 2006;28:634.

7. Richter GT, Friedman AB. Hemangiomas and vascular 
malformations: Current theory and management. Int J Pediatr 
2012;2012:645678.

1. Dasgupta R, Fishman SJ. ISSVA classification. In: Seminars in 
Pediatric Surgery. Vol. 23: WB Saunders; 2014. p. 158-61.

We managed five cases of pathologic fracture femur shaft 
coexisted with extensive AVMs. Fracture union was achieved by 
limited open reduction distal femoral locking plate fixation and 
teriparatide. Although treatment of hypoplastic bone with 
pathologic fracture due to AVM possess many challenges, a 
minimally invasive method of fracture fixation would be ideal, 
sometimes it may not be available. However, a limited open 
reduction and distal femoral locking plate fixation can be an 
alternative method for fracture f ixation along w ith 
multidisciplinary support for the favorable outcome.

Because of extensive AVM, there has been a constant risk of 
delayed union, refracture, and implant backout, due to very thin 
femoral cortex. If delayed union or non-union took place, it 
would be extremity challenging to perform the bone graft due to 
greater risk of excessive bleeding. To avoid such incidences, we 
initiated teriparatide therapy from 2nd weeks post-surgery. This 
is a recombinant PTH analog, widely used in management of 
osteoporosis [19, 20, 21, 22]. Borges et al. [26] reported 
accelerated fracture healing after teriparatide therapy in an 84-
year-old woman with a trochanteric fracture. Kim et al. [20] in a 
systemic review evaluated the role of teriparatide in fracture 

union in osteoporotic patients. Huang et al. [22] reported rapid 
fracture healing after teriparatide therapy in trochanteric 
fracture.

Two authors have reported Klippel-Trenaunay syndrome 
(KTS) with fracture femur [24, 25]. Gupta et al. [25] reported 
that fracture shaft femur with KTS was treated by closed 
reduction and external fixator and fracture united in 4.5 
months.

Since teriparatide has definite role in healing of fracture as noted 
by many authors, we believe that in pathologic fracture with a 
hypotrophic and thin femoral cortex, it also helps in fracture 
union in a stipulated time frame.

Conclusion

reported that 18 (20%) had involvement of bone out of 90 
patients with vascular malformations. They suggested that it 
should be treated with a multidisciplinary approach. They also 
noted that with intraosseous involvement, it affects bone 
growth and leads to local osteoporosis and possess risk of 
fracture. Surgical intervention is often associated with risk of 
profound bleeding, inadequate resection of lesion, and local 
recurrence.
In the orthopedic literature, few authors reported on the 
management of these pathological fractures associated with 
AVM. Jończyk et al. [17] reported pathologic subtrochanteric 
fracture in a 19-year-old boy along with extensive AVM in same 
thigh and treated by embolization followed by closed reduction 
and intramedullary femoral nailing. Even with closed reduction 
patient had a risk of profound bleeding. Patient was given total 4 
units of packed red blood cells transfusion. He noted fracture 
union in 9 months after surgery.

Clinical Message

The management of extensive AVMs with fracture femur 
poses great challenges for young orthopedic surgeons, 
especially with limited hardware/implant availability. As far as 
possible closed reduction and minimally invasive fracture 
fixation method should be chosen. The multidisciplinary 
approach, which involves interventional radiologist and 
vascular surgeon with good blood component support, is 
essential for a favorable outcome.
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