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Introduction  

 

The request for the primary total hip arthroplasty 

(THA) is growing worldwide 1. Total hip 

arthroplasty (THA) is one of the most successful 

and cost-effective medical procedures developed 

during the last century and is projected to grow in 

volume to 635,000 procedures annually in the 

United States by 2030 2. Despite the selectivity of 

this method, it is performed immediately as the 

definitive treatment for femoral neck fractures, 

which account for approximately 2.7% of primary 

THA from 2012 to 2018 3. 

THA is one of the most expensive cases related to 

health care centers 4. Regardless of its nature and 

safety, it is associated with some adverse outcomes, 

which could threaten the consequences of the 

procedure and result in patients’ mortality 5. 

Complications include surgery and the 

postoperative period 6. Although rare, vascular 

injury occurs during hip surgery, immediately after 

surgery or late in the postoperative period (0.2-

0.3%); however, it may be fatal 7-8. In such cases, 

the arteries and vessels may be damaged, which can 
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be seen at the level of the pelvis or the proximal part 

of the limb 9. The most common patterns of 

vascular injury include rupture, pseudo-aneurysm, 

thromboembolic fistula, and venous artery 10-12. 

The causes of vascular injury during surgical 

procedures are as follows 13-16:  

• bending back the blood vessels by putting a 

sharp-edged retractor  

• direct damage caused by a sharp osteotomy 

or a knife blade 

• damage caused by an osteophyte during 

joint manipulation 

• thermal damage, erosion, and obstruction of 

blood vessels due to direct contact when inserting 

bone cement  

• over reaming of the acetabulum  

• damage by inserts in the blood vessels  

• injuries by drills and screws 

• damage inside blood vessels during surgical 

procedures of arthroplasty or pelvic limb 

manipulation in patients with advanced 

arteriosclerosis. This study reviewed the 

complications of the THA procedure in two parts: 

orthopedic and vascular complications and their 

management. 

 

 

 

Methods 

This study was conducted about the total hip 

arthroplasty. The primary search began with 

reviewing English-language citations from 

PubMed, and Scopus, between 1991 and 2020 

using the keywords: (Hip arthroplasty) OR 

(Arthroplasty AND Hip AND vascular 

Complications). The initial search yielded 117 

articles. In the meantime, about 67 reports have 

been selected and used in the present study (Fig. 1).   

 
Figure 1: Study information diagram. 

 

 

 

 

Results 

Vascular complications  

Contiguous arteries to the acetabulum, pelvis, and 

proximal areas of the lower extremities that are 

susceptible to be injured during total hip 

replacement are mainly branches of common iliac 

vessels; external iliac vessels, obturator vessels, 

superior and inferior gluteal artery, and internal 

pudendal arteries and veins 17. Indeed, many 

vascular structures surrounding the acetabulum, 

pelvis and proximal areas of the lower extremities 

may be injured by direct and indirect trauma have 

been reported 18-20. In particular, the primitive cause 

of injuries includes reaming during acetabular 

preparation, retractor-induced damage, drilling 

holes for fixation of screws in cementless 

acetabular cups, excessive traction in surgery, 

postoperative cup migration. Also, cement erosion 

117 potentially relevant citations identified 
from MEDLINE, Embase, Web of Science, 
Cochrane  Library, and reference list of 

relevant studies

94 full-text articles retrieved for more detailed 
evaluation

67articles included

27  articles excluded

23 excluded on the basis of title or 
abstract, or both
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and excessive local heating by methyl methacrylate 

in cemented total hip replacement are further 

reasons for the occurrence of arterial injuries during 

total hip replacement 14,15,18-20. However, there are 

several reported reasons in which symptoms of 

vessel injury were not evident. The possible reasons 

might be bone fragments or contamination caused 

due to soft-tissue defects, resulting in infections 21. 

Vessel injuries giving immediate symptoms of total 

hip replacement are severe hemorrhage. 

The most common ischemic symptoms in the 

delayed postoperative period include pain, 

decreasing hemoglobin, swelling, reduced blood 

pressure, and hypovolemic shock 1, 2, 4, 6, 10, 11, 22, 23. 

Other presenting signs and symptoms of vessel 

injury in revision surgeries include excessive 

bleeding, loss of pulse, and instability during 

extraction of hip prosthesis 19. 

What should be careful in these cases is that injury 

should be controlled with immediate pressure and 

ablation or ligation of the bleeding vessel 24. It is 

the surgeon's responsibility to perform such 

procedures. However, an interventional radiologist 

or vascular surgeon intervenes if the bleeding is 

uncontrollable or severe vascular damage has 

occurred 25. 

Vascular complications in THA are rare, and 

several patterns of injury can be seen (26-28): 

• The acute injuries 

• It is usually caused by high retractor 

pressure. 

• Increases the severity of heavy hemorrhage  

• It is seen in patients with acetabulum 

protrusion. 

• Injuries causing delayed symptoms 

⦁ It appears a few days or years after THA. 

⦁ Hip pain 

⦁ Incidence of ischemic symptoms in the limb 

⦁ Severe hemorrhage at the time of extracting 

the hip prosthesis. 

Choosing a precise surgical procedure should be a 

priority, and avoid using retractors over the lip over 

the acetabulum. In cases of acetabular protrusion 

when the significant vessels are close to the 

operating site, care must be taken not to penetrate 

the bottom of the acetabulum when drilling the 

holes 29. Also, when an arterial reconstruction in 

cases of pseudo aneurysm is needed for the use of 

synthetic graft material must be avoided because of 

the infection risk with severe secondary 

complications 30. 

In some reports, gender bias has also been observed 

as one of the causes of vessel injury. In several 

retrospective studies, the comparison of females' 

dominance of vessel injury to males (3:2) has been 

confirmed 16, 24, 31,32. 

The relationship of pelvic vascular structures 

surrounding the acetabulum has been described in 

several studies 33. 

Thromboembolic disease 

Thromboembolic is a complication disease that 

comprises the largest risk group of post-THA 

patients. That’s precise etiology remains uncertain, 

but stasis due to torsion tourniquet of the lower limb 

during surgery, as well as intimal injury, are one of 

the causes of such a complication 34.  

Symptomatic VTEs are relatively infrequent 

events; however, some factors increase the risk 

(Table 1).  As is presented in table 1, the correlation 

between the frequency of the stenosis level and 
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nerve sedimentation sign was not significant 

(P=0.75). 

Table 1:  VTE s risk enhancers 

Factors 

A prior VTE event 

Hypercoagulable states  

Thrombophilias 

Elevated BMI   

Diabetes mellitus 

Smoking  

Anemia 

Tamoxifen or raloxifene 

therapy 

ASA1 score <3 

Coronary artery disease 

Varicose veins 

Stroke 

 

The recurrence rate of VTE is high. According to 

Hansson et al. reports, the 5-year cumulative 

incidence of recurrent VTE events was 21.5% after 

a first DVT and 27.9% after a second DVT; was 

while the 5-year cumulative incidence of fatal PE 

was reported 2.6% after a first DVT 35-37. In this 

group of patients, to prevent a recurrence, 

administration of warfarin with low molecular 

weight heparin (LMWH) from 24 hours after 

surgery to 4 days can be helpful 38. 

Selective estrogen receptor modulators increasing 

the VTE risk 39. According to a 1999 report, 

patients treated with tamoxifen had a 2-fold 

increase in PE. Similar results have been observed 

with Raloxifene as a selective estrogen receptor 

modulator. Based on the available evidence, the 

simultaneous use of two or more samples of these 

drugs is associated with an increased risk of VTE 
40,41. 

Given all the factors that increase the risk of VTE 

in THA; Anticipating actions to prevent this or 

                                                           
1 American Society of Anesthesiologists 

minimize it is a requirement 42. These actions are 

defined based on runtime at three levels 43-46: 

A. Preventive measures before performing 

THA surgical procedure 

• Discontinuation of procoagulant drugs 

• Pre donation of autologous blood 

   

B. Preventive measures during the THA 

surgical procedure 

• Hypotensive epidural anesthesia with the 

administration of intraoperative heparin (15 U/Kg) 

• Reduction of the time of femoral vein 

occlusion and blood loss 

C. Preventive measures after performing THA 

surgical procedure 

• Aspirin for low-risk patients. 

• Warfarin for patients with intermediate 

clinical predisposing factors for VTE and patients 

who have an intolerance to aspirin.  

• Low molecular weight heparin for when the 

risk of VTE is high 

Prevention of vascular injuries 

 Obey quadrant system 

Earlier, to prevent these injuries during the fixation 

of acetabular screws, a simple method of the 

acetabulum quadrant system was proposed by 

Wasilewski et al. 47. Various anatomical studies 

have shown that screw fixation in complete 

cement-free hip replacement, especially in revision 

surgeries, is the most prominent cause of vascular 

injury. 

Wasilewski et al. Have defined an acetabular four-

section system for managing the secure placement 
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of screws during primary and revised hip 

replacement surgeries (Fig. 2). A quadratic system 

has been suggested to explain the relationship 

between acetabular bone structure and surrounding 

vascular structures to prevent vascular structures 48. 

 

 

Figure 2: Acetabular quadrant designation to determine safe zones 

for transacetabular screw fi xation. Line A is fi rst drawn from the 

anterior superior iliac spine (ASIS) through the center of the hip 

joint, and Line B is made perpendicular to that at the level of the 

center of the acetabulum. Anterior-superior quadrant 68. 

 

The quadratic system of the acetabulum consists of 

four parts of the acetabulum by dividing 

acetabulum by two intersecting vertical lines. The 

first line A originates in the upper anterior iliac 

spine (ASIS) and travels directly to the center of the 

acetabulum, dividing the acetabulum into two 

halves and collectively referred to as the anterior 

and posterior quadrants. The second line B 

originates from the center of the acetabulum and is 

perpendicular to the first line, resulting in two 

upper and lower halves 49. For this purpose, these 

two vertical lines intersect at the center of the 

acetabulum to form four quadrants, collectively 

referred to as the upper anterior quadrant, anterior 

inferior quadrant, posterior superior quadrant, and 

posterior inferior quadrant. Most of the published 

work on vascular damage has been done on the 

corpse bone. The authors attempted to provide a 

clear picture of the quadrant system using a 

computed tomography model of angiography (A-

CT) with a three-dimensional computational model 

of the pelvis and the surrounding vascular structure. 

In the development of three-dimensional models of 

vascular constructions, some vessels and vessels 

are not visible due to the limitations of computed 

tomography imaging 50. The Quadrant system 

identifies safe areas for repairing acetabular screws 

of appropriate size, which are carefully examined 

during hip replacement surgery. It does the 

following: 

This quadrant contains the external iliac artery and 

vein. The acetabular screws fixed in this quarter are 

directed towards these vessels. However, it was 

found that the external iliac vein is in a more 

intermediate position than the artery and is, 

therefore, more dangerous than the artery 51. 

Anterior-inferior quadrant 

Obturator artery is present in this quadrant, and the 

bone stock is thin in respect of other quadrants. This 

order will increase the possibility of vessel injury 

during screw placement 52. 

Posterior-superior quadrant 

The number of three-dimensional reports shows 

that the superior posterior quadrant has good bone 

stock. This quadrant has the superior gluteal artery 

and vein as they pass to the pelvis through the 

greater sciatic notch. The suitable-sized screw may 

be considered for secure placement as the bone 

stock in the central zone of this quadrant is more 

than 25 mm 53. 

Posterior-inferior quadrant 

The fixed screws in this quadrant are directed to the 

lower gluteal and pudendal vessels. This quadrant 

is considered safe due to the bone center presence 

suitable for screw placement. Depending on the 

structure of this quadrant, the proper size of a screw 

may not touch the vessel structure, thereby 

preventing damage to the arteries 54. 

Center of the acetabulum 
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Lines A and B intersect at the center of the 

acetabulum. The current position is very close to 

the obturator artery, so its use to insert screws is 

avoided. However, the screws of line A in the upper 

part of the acetabulum lead to the external iliac 

artery. The screws along line A at the bottom of the 

acetabulum are close to the constrictor. Thus, the 

external iliac arteries, constrictor vessels, and upper 

gluteal artery appear most damaged. Avoid placing 

screws in the anterior quadrant during complete hip 

surgery, as most arteries are in this quadrant. The 

posterior quadrant is usually safer to set a screw of 

the appropriate size because it has good bone 

density and structure, regardless of the vessel 

structure 55. 

High hip center 

In these cases, the quadrant system acts like a 

normal pelvis. In the upper hip, the posterior upper 

and lower posterior quadrants are secure for 

placement with well-preserved bone screws at the 

margin of the acetabulum. 

In addition, a rare case of deviated vascular 

anatomy has been reported that requires caution 

when installing screws as they are more prone to 

damage 56. 

If there is bone loss in the posterior quadrant 

surgery, it is necessary to place the screw in the 

anterior quadrant. The screws and drill bits can be 

passed through the anterior quadrant with visual 

perception to set the proper screws in the anterior 

columns and describe soft tissues accurately. 

The quadrant system is prevalent among total hip 

arthroplasty surgeons until the normal hips are 

taken into account. In the technical demand for the 

total hip replacement of Crowe type-IV 

developmental dysplasia, the posterior superior 

quadrant system is condemned because the center 

of the acetabulum is shifted anteroinferior in the hip 

with a high, complete dislocation. Screws lying in 

the safe quadrant may frequently injure the 

obturator blood vessels. In these cases, a modified 

quadrant system must be used on surgeon 

recommendations 57, 58. 

Acetabular retractors positioning 

During hip arthroplasty, retractors are usually 

located around the acetabulum. Studies show that 

the surgeon's approach can lead to future injuries. 

Therefore, the proper position of the retractor 

during the hip arthroplasty procedure can play an 

active role in reducing possible vascular damages. 

Safely, the best location to prevent such conditions 

is to place the anterior acetabular retractor in the 

anterior inferior iliac spine. Also, placing an 

inadequate acetabular retractor on the anterior wall 

can prevent these injuries 59. 

Acetabular reinforcement ring and 

antiprotrusio cage 

In reconstructive surgeries and damaged hips, 

acetabular amplification rings, as well as the anti-

protrusion cages, are typically used. The advantage 

of using these prostheses is that in addition to 

providing the conditions for screw adjustment, they 

restore the previous anatomical state of the 

acetabulum. Often, screws are not placed in the 

dorsal and abdominal position of the prosthesis to 

prevent possible damage to the arteries. In such 

cases, radiological intervention during surgery is 

usually on the agenda 60. 

 

Cement 

During hip replacement surgery with bone cement, 

cement is usually prevented from reaching the 

pelvis. Cement extrusion in areas with the defective 

acetabular wall can affect the external iliac arteries 

and cause several complications. Besides, 

excessive use of this cement can lead to exothermic 

reactions and eventually vascular thrombosis. In 

some cases, the cement spicule is worn by the 

arteries, causing a false aneurysm in the 

postoperative period. If intrapelvic cement is not 

well extracted and corrective surgery is necessary, 

there is a possibility of a vascular avulsion 61. 
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Management 

Preoperative management 

Preoperative clinical investigation 

Clinical evaluation of vessels in the preoperative 

stage is crucial. Understanding the anatomy of the 

vessels surrounding the pelvis and using methods 

such as color Doppler ultrasound to measure 

arterial occlusion pressure are some of the things 

that should be on the agenda. During preoperative 

evaluations, although injuries of the femoral artery 

are easily detectable, injuries to the obturator and 

superior gluteal arteries do not appear to be easy 62. 

1. Management 

1.1. Preoperative management 

1.1.1.  Preoperative clinical investigation 

1.1.2. Preventive measures 

In cases that the hip is damaged during the hip 

reconstructive surgery, preoperative angiography 

should be done by a surgeon 63. 

1.2. Intraoperative management 

During hip surgery, timely diagnosis and treatment 

of vascular damage require the surgeon's care and 

ingenuity. During surgery, many causes can lead to 

sudden vascular damage. In some cases, may the 

vascular damage happen because of broken bone 

edges, implants, or instruments used in surgery. 

Therefore, rapid and accurate diagnosis of the site 

of injury and control of bleeding, even in cases of 

minor bleeding, is one of the most significant 

measures during surgery 64. 

The surgeon must not underestimate the urgency of 

vessel injury, even in slight signs of bleeding. 

Several steps must be followed in such types of 

situations, which are listed below 64,65: 

• In massive bleeding or slight signs of 

bleeding, immediate bleeding sights must be 

identified visually and operated to stop the 

hemorrhage. Additionally, ultrasonography is the 

most rapid way to recognize the bleeding site in 

closed or open cases. 

• In acute hemorrhage at the first site, 

surgeons must pressure for local control at either 

end of injured vessels. 

• Additional supplies of blood and fresh 

frozen plasma must be prepared. 

• For smaller vessels, coagulation and 

ligation techniques can be utilized to control 

bleeding. 

• If the compression technique is 

unsuccessful at the first attempt, it must be 

followed by surgical ligation, endovascular 

stenting, and bypass as the next step for sites of 

vessel injury. 

• Without time delay, vascular surgeons must 

be intervened to take the operative actions and stop 

the bleeding immediately. 

• The operating orthopedic surgeon must be 

familiar with the advanced operative techniques 

like the ilioinguinal and the Stoppa approaches for 

intrapelvic exposure, generally used in major 

injured vessel repair. 

 

1.3.  Postoperative management 

Careful monitoring of the condition of the arteries 

after surgery for several days after recovery is also 

essential to prevent postoperative vascular 

complications. There are many signs and symptoms 

after surgery and in the late postoperative period. 

The most important symptoms of vascular injury 

are unexplained hypotension, tachycardia, nerve 

palsy, hypovolemic shock, hemoglobinemia, and 

hypertension. In such cases, immediate axial 

imaging or radiography, contrast angiography, 

color ultrasound are the most natural methods to 

diagnose the source of bleeding. 

Careful monitoring of these symptoms is better and 

can be treated without delay with open repair, 

stenting, bypass, coil, or chemotherapy 37-39. The 

late symptoms of pseudoaneurysm formation can 

be confusing and treated with surgery after 

determining vascular damage 66. 
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This hip replacement surgery is mostly performed 

in elderly patients, and the possibility of damage to 

arterial vessels should be considered, as these 

vessels are more vulnerable to these injuries 67. 

Conclusion 

 In general, vascular injuries are rare in hip 

replacement surgeries; however, careful 

preoperative planning, selection of better and more 

accurate instruments, knowledge of anatomical 

structures, and careful surgical procedures are 

essential to prevent vascular injury. Vascular 

injuries can appear early in bleeding during 

surgery, in the medium term as postoperative 

bleeding, and later as pseudo-aneurysms. The 

management of these complications focuses on the 

prevention of these injuries. 
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