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Abstract 

Suffering a fracture has been ranked among the world´s ten most incapacitating 

conditions when measuring disability-adjusted life years. Each year, 9,000 hip 

fractures occur in Norway. Frail elderly hip fracture patients have a high mortality 

compared to their non-fractured counterparts.  One in four will not survive the first 

year following the fracture. Evidence-based treatment of hip fracture patients includes 

both surgical interventions and perioperative care, yet neither have reached 

international consensus with systematic guidelines. The overall intention of this thesis 

was to focus on the perioperative care of hip fractures with special emphasis on 

anticoagulation and time to surgery. In Papers I-III, we used data from the Norwegian 

Hip Fracture Register, which includes information from all hospitals performing hip 

fracture surgery in Norway. In Paper IV, we studied detailed information from 

medical records from a large trauma centre, Haukeland University Hospital.  

In Paper I, we aimed to compare preoperative with postoperative start of 

thromboprophylaxis for femoral neck fracture (FNF) patients operated with 

hemiarthroplasty. We included 20,241 patients operated between 2005-2014 receiving 

low-molecular-weight heparin (LMWH) either before surgery (52%) or after surgery 

(48%). Postoperative start of LMWH was associated with increased mortality and risk 

of reoperation in the first six months postoperatively. No differences in the risk of 

bleeding complications or reoperation due to haematoma could be detected whether 

LMWH was started before or after surgery.   

In Paper II, we continued the work from Paper I by comparing preoperative with 

postoperative start of LMWH in hip fracture patients operated with osteosynthesis. We 

included 45,913 patients operated between 2005-2016 with LMWH started before 

surgery (45%) or after surgery (55%). In contrast to Paper I, the start of LMWH did 

not change mortality or risk of reoperation the first six months after osteosynthesis. 

However, more intraoperative bleeding complications were reported when LMWH 

was started preoperatively compared to postoperatively.  
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In Paper III, we studied whether time to surgery influenced outcomes for hip fracture 

patients. Both the total delay (time from fracture to surgery, 38,754 patients) and 

hospital delay (time from admission to surgery, 73,557 patients) were investigated. 

Time of admission was obtained from the Norwegian Patient Registry and time of 

fracture from the Norwegian Hip Fracture Register. From 2008 to 2017, the mean time 

from fracture to admission was 6.2 hours while the mean time from admission to 

surgery was 21.7 hours. Both total delay and hospital delay exceeding 48 hours were 

associated with increased mortality for hip fracture patients in the first postoperative 

year. In addition, more intraoperative medical complications were reported when the 

hospital delay exceeded only 24 hours. Our study supports early surgical intervention 

within 48 hours of the fracture to reduce mortality and complications for the frail hip 

fracture patients.  

In Paper IV, we regained focus on anticoagulation. While studying surgical 

prophylaxis in Papers I-II, we now aimed to investigate the consequences of long-term 

use of direct oral anticoagulants (DOACs) when the hip fracture occurs. DOACs have 

only been on the market since 2010, thus we lack experience and guidelines for their 

use in semi-urgent surgery, such as hip fracture surgery. The number of DOAC 

prescription users has increased by 150% from 2014 to 2018 and their prevalence in 

Norway has surpassed Warfarin. 314 hip fracture patients operated in 2016-2017 were 

studied by using medical records in a single large trauma centre (Haukeland 

University Hospital). 47 patients (15%) were using DOACs before the hip fracture. In 

contrast to earlier studies, we did not find any difference in time from admission to 

surgery, length of hospital stay, blood loss, transfusion rate, and bleeding 

complications in patients who took DOACs before the fracture, compared to non-

users. DOAC users were more often operated under general anaesthesia than non-

users. Delay to surgery was on average 13 hours longer if the DOAC users were given 

neuroaxial anaesthesia compared to general anaesthesia. The conclusion was that the 

use of DOACs did not result in more bleeding complications for hip fracture patients 

compared to non-users. Thus, early surgery should also be prioritized in DOAC users 

to reduce mortality and complications, as studied in Paper III.  
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1 Introduction 

1.1 Background and importance of topic  

It is estimated that 1.6 million patients worldwide fracture their hip each year (1). 

Countries in Northern Europe, and in particular Norway, have some of the highest 

incidences of hip fractures in the world (2, 3). Around 9,000 patients fracture their hip 

annually in Norway. Current estimates tell us that one in four women will suffer a hip 

fracture and 25-27% of hip fracture patients will not survive the first year following 

the fracture (4, 5). A hip fracture will often bring substantial changes in the lives of 

elderly patients, resulting in reduced quality of life and increasing need for assistance 

and care (6-8). A hip fracture has been rated among the top ten most incapacitating 

conditions in terms of disability-adjusted life years (9). 

For several decades of the last millennium, the incidence of hip fractures seemed to be 

increasing (10-13). Later studies have demonstrated that age-specific incidences have 

stabilized (14-17). However, as the population is ageing rapidly, the total number of 

hip fractures is still growing. By the year 2050, more than 6 million hip fractures are 

estimated to occur each year worldwide (18). Most hip fractures occur due to low-

energy trauma combined with osteoporosis (19, 20). Thus, hip fracture incidence can 

mark the prevalence of osteoporosis and frailty. The incidence of hip fractures 

increases with age (14). Elderly victims of the injury have a higher one-year mortality 

than their non-fractured counterparts. Such an excess mortality following a hip 

fracture may partly be caused by impaired health and frailty before the fracture (21). 

Male gender, high age, and admission from nursing homes have all been identified as 

predictors of short-term mortality (22).   

For many patient groups, long-term results are of great importance as they will impact 

their many years to come. For example, elective joint replacements need to provide 

joints that last for decades to improve function and quality of life. Studies on joint 

replacements therefore focus on long-term results after 10 and 20 years (23-25). In 

contrast, many hip fracture patients are vulnerable in their need for short - and 
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intermediate - term results. The precious months up to one year following surgery 

need to be medically and surgically optimized to allow early mobilization, gain of self-

care, and improvement of quality of life to ensure a fast recovery. The median survival 

time after a hip fracture has been estimated to be 2.6 years for men and 4.2 years for 

women (26). After 20 years, the chosen treatment will only have implications for a 

minority of hip fracture patients due to the limited life expectancy. The average cost in 

the first year after a hip fracture in Norway has recently been estimated to be NOK 

660,000, and the total cost may be close to one million if the following first years are 

included (27). There is an evident need to optimize the treatment of hip fracture 

patients to reduce mortality, complications and costs in the coming years.   

 

1.2 Definition of hip fractures  

A hip fracture involves a fracture of the proximal part of the femur. Hip fractures can 

be divided into FNFs (60%), trochanteric fractures (35%) and subtrochanteric fractures 

(5%) (Figure 1). Several classification systems exist for FNFs. The Garden 

classification is most commonly used (28). It describes four subgroups of hip fractures 

based on the displacement on an anteroposterior radiograph (Figure 2). In clinical 

practice, this classification is often simplified into undisplaced FNFs (Garden I-II) and 

displaced FNFs (Garden III-IV), which influences the choice of treatment. 

Trochanteric fractures include both intertrochanteric and pertrochanteric fractures and 

are most often classified according to the AO/OTA system, based on numbers and 

localization of fragments and degree of stability (29). Hip fractures with the line of 

fracture located between the lesser trochanter and the proximal 5 cm of the femoral 

shaft are classified as subtrochanteric fractures.  
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Figure 1. Demonstration of the areas in the proximal femur used to classify hip 

fractures   

 

Figure 2. Demonstration of the Garden classification of femoral neck fractures (I-IV). 

Garden I includes undisplaced incomplete fractures. Garden II includes undisplaced 

complete fractures. Garden III includes complete fractures that are incompletely 

displaced. Garden IV includes fully displaced complete fractures.  

 

 

 

 

 



 
____________________________________________________________________________ 

 

14 

 

1.3 Treatment of hip fractures   

In a historical perspective, modern hip fracture treatment began after the invention of 

x-rays by Wilhelm Konrad Röntgen in 1895 (30). Before orthopaedic surgeons were 

able to identify the fracture with sufficient quality of the radiographs, patients were 

often treated with conservative suboptimal solutions such as bed rest, cast systems and 

traction. Bed rest was a common form of treatment in the first part of the 20th century 

(31). Unfortunately, many patients did not survive due to medical complications, 

which may have been related to immobilization, for example venous 

thromboembolism and pulmonary infections. FNFs often resulted in non-union and 

were associated with high mortality. In 1934, Dr Kellogg Speed discussed FNFs using 

the title "the unsolved fracture" (32). He was referring to 100 years of controversy 

regarding optimal treatment for these fractures.  

Today, there is a collegial agreement that all proximal fractures of the femur should be 

treated surgically in elderly patients, as long as they are expected to survive surgery. 

Research has shown a striking increase in mortality when hip fractures are treated 

conservatively compared to surgically (33, 34). Untreated displaced hip fractures can 

produce unacceptable pain and may impede mobilization and personal care for life 

(35). Surgery is performed to relieve pain and allow early mobilization following the 

fracture. Thus, complications can be devastating for the patient’s morbidity and 

mortality.  

 

Time from fracture to surgery  

A hip fracture represents a trauma which induces hormonal and catabolic stress 

responses (36). The patient is also susceptible to immobilization, pain, and loss of life 

control. Most trials study the hospital treatment, while prehospital factors influencing 

hip fracture patients are less known. Transfer between hospitals predisposes patients 

for delayed surgery (37). Hospital transfers have also been associated with increased 

mortality compared to direct admission to the final treatment facility (38). After 
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admission, most fractures are diagnosed with a simple x-ray in two levels. Studies 

have shown a sensitivity of more than 90% to detect hip fractures using x-ray images 

(39-41). The remaining patients with occult hip fractures need extended diagnostic 

evaluations, most commonly using CT or MRI scans (42), which can prolong delay 

from diagnosis to surgery. However, delay to hip fracture surgery can be further 

prolonged even after diagnosis for a variety of reasons. Time from fracture to surgery 

can be crucial to optimize the medical condition of the patient and potentially reduce 

the risk of complications during and after surgery (43, 44). Delays from admission to 

surgery for more than 24, 36 or 48 hours have been associated with increased risk of 

mortality and complications in some studies (45-48), while other studies have not 

found such negative effects of delay to surgery (49-52). Therefore, efforts have been 

made to differentiate between acceptable and unacceptable reasons for surgical delay: 

anaemia (haemoglobin below 8 g/dl), correctable arrhythmias, uncontrolled diabetes, 

chest infections with sepsis, and uncontrolled heart failure are listed as acceptable 

reasons for delayed surgery. Minor electrolyte disturbances, awaiting 

echocardiography, and lack of surgical competence, facilities and theatre space have 

all been stated as unacceptable reasons (44).   
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Figure 3. Reasons for delay to hip fracture surgery  

1.4 Surgery and complications   

After diagnostic verification, hip fractures are treated with either osteosynthesis or 

arthroplasty, depending on type of fracture, displacement of the fracture, bone mineral 

density and both the chronological and physiological age of the patient, including 

activity level and comorbidity (53-56). Undisplaced FNFs are primarily treated with 

internal fixation with percutaneous screws (57-59). Elderly patients with displaced 

FNFs are mainly treated with hemiarthroplasty (HA) while subtrochanteric fractures 

are most often treated with an intramedullary nail (57-59). However, for the remaining 

subgroups of hip fracture patients, no consensus on surgical treatment exists. Due to 

the high risk of avascular necrosis following an FNF, since the blood supply to the 

femoral head is limited (60), prostheses are being increasingly used, especially for 

displaced FNF in elderly patients (5, 61, 62). In Norway, trochanteric fractures are 

most often operated with sliding hip screws (63). Intertrochanteric nails are a mini-

invasive procedure frequently used for both trochanteric and sub-trochanteric fractures 

(63). The choice of osteosynthesis versus HA leads to different risk profiles for the hip 

fracture patient, which will be further discussed in the next section. 
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Osteosynthesis 

An osteosynthesis may represent the optimal choice of reconstruction if fracture 

anatomy, bone mineral density, and compliance are satisfactory. Complications 

following osteosynthesis include non-union or malunion, avascular necrosis of the 

femoral head, osteosynthesis failure, infections, and local pain due to the 

osteosynthesis material (55, 64, 65). In recent years, intramedullary nails have gained 

popularity in treatment for trochanteric fractures (66, 67). The use of intramedullary 

nails can cause peri-implant fractures (68), but with better implant design and 

improved learning curves with intramedullary nails, the problem of peri-implant 

fractures has been reduced. When comparing sliding hip screws and intramedullary 

nails, a large randomized controlled trial (RCT) reported similar rates of complications 

for trochanteric and subtrochantertic fractures (69). However, observational studies 

have found increased risk of reoperation when sliding hip screws are used compared to 

nails for trochanteric fractures with a detached greater trochanter (70), and also for 

trochanteric and subtrochanteric fractures (69). One cause of this increased revision 

rate may be postoperative femoral medialization, which seems to occur more often 

after the insertion of sliding hip screws than with intramedullary nails (71). In contrast, 

two-part trochanteric fractures seem to have more reoperations when intramedullary 

nails are used than sliding hip screws (72). A cost-effectiveness analysis supports these 

findings (73). For FNFs, more reoperations are performed following osteosynthesis 

than HA, especially for displaced fractures (5, 65, 74, 75).  

 

Hemiarthroplasty 

HA involves the replacement of the femoral head while the acetabulum remains intact. 

The prosthesis stem may be fixated with or without cement. For uncemented 

procedures, the prosthesis coating facilitates bone anchoring over time. 

Hemiprostheses can be of a unipolar or bipolar design. Bipolar hemiprostheses have 

traditionally been used in Norway (99.2% of HA for hip fracture patients) (63). 
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The routines for follow-up care after discharge following HA vary among hospitals, 

and the rates and diversity of complications are therefore difficult to assess. One 

retrospective study found a complication rate of 12% following HA (76). A large 

multicentre RCT found a rate of reoperations of 8.3% while serious adverse events 

occurred in 36.3% of patients during the first two years after HA for displaced FNFs 

(77). A review of RCTs reported failure rates of 3-23%, while reoperations were 

reported among 0-24% of patients with HA used in treatment for displaced femoral 

fractures (78). Complications following HA include periprosthetic joint infections, 

dislocations, periprosthetic fractures, and aseptic loosening (55, 65, 74, 78, 79). 

Younger, more active patients also seem to be at risk of acetabular erosions (80). One 

of the most feared complications after HA is periprosthetic joint infection (PJI), which 

seems to occur in 1.7-7.3% of cases (81). PJIs require large resources, long hospital 

stays, and most often a need for reoperation. One prospective study has shown 

significantly higher 30-day mortality for patients with a PJI than for patients without 

infection (82). These findings are supported by a retrospective study, which found 

increased one-year mortality when PJI treatment failed (83).  

The insertion of a prosthesis in the femoral canal has been shown to increase 

intramedullary pressure (84-86). Sudden deaths occurring during cementation in 

arthroplasty surgery have led to the term "bone cement implantation syndrome" 

(BCIS) (85, 87, 88). Over the years, BCIS has caught the attention of both orthopaedic 

surgeons and anaesthesiologists. In 2009, Donaldson et al. proposed a definition of 

BCIS (89). Several theories have been advanced to explain the systemic effects of 

cement, and clinical, pathological and experimental studies have been performed to 

investigate BCIS. Postmortem studies have demonstrated pulmonary fat embolism in 

patients dying during cementation (90). Blood aspirated from the right atrium during 

cementation have raised suspicion of granular bone dust particles (91). Histamine-

mediated hypersensitivity and complement activation have also been investigated for 

causing cardiorespiratory reactions following cementation (92-94). Transoesophageal 

echocardiography demonstrates embolization during cemented total hip arthroplasty 

(THA) (95, 96), and embolization seems to be inferior in uncemented THAs (95). 

Such embolic consequences can increase pulmonary vascular tone, leading to mild to 
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devastating haemodynamic effects including hypotension, hypoxia and arrhythmias, 

which may in turn result in cardiac arrest (89, 97). Transportation of procoagulant cell 

fragments, fat, microparticles and cement particles from the bone marrow to the 

systemic circulation have been blamed for the haemodynamic effects. Hypotheses 

have diverged into a cement monomer model and an embolic model. However, the 

pathophysiology and clinical impact of BCIS are still not fully understood. BCIS is 

feared to be underreported, and the risk seems to be higher among patients undergoing 

hip arthroplasties than knee and shoulder arthroplasties (98). A recent retrospective 

study identified BCIS in 31% of cemented HAs, and severe BCIS was associated with 

increased 30-day mortality (98). BCIS has been associated with renal impairment, 

ASA class III to IV, and age above 75 years (98). Thus, comorbid hip fracture patients 

may be at risk. Importantly, large observational studies report similar long-term 

mortality rates for uncemented and cemented hip arthroplasties (99-101).  

To summarize, after the initial trauma of a hip fracture, an arthroplasty seems to be a 

greater trauma for the patient than osteosynthesis, thus leading to different 

pathophysiological effects.  

 

1.5  Thromboprophylaxis 

In Norway, with a population of about 5.3 million inhabitants, 220,000 patients were 

prescribed anticoagulants in 2019 (102). The most common cause of death in Norway 

is cardiovascular disease. Therefore, long-term use of thromboprophylaxis is common 

among elderly patients. In addition, anticoagulation plays a key role in hip fracture 

treatment as systemic thromboembolic events are common and feared complications 

(103). 98% of hip fracture patients operated in Norway from 2005 to 2019 received 

thromboprophylaxis (104). The use of perioperative heparin significantly reduces the 

risk of deep vein thrombosis and fatal pulmonary embolism in major orthopaedic 

surgery (105). On the other hand, bleeding-related complications following major 

orthopaedic surgery can increase length of stay and hospital expenses (106). Major 

bleeding is a strong predictor for mortality in hospitalized patients (107). Therefore, 
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the use of thromboprophylaxis needs to be balanced against the risk of both 

thromboembolic and bleeding-related complications following the hip fracture trauma 

and subsequent surgery.  

Compared to the average user, both long-term and temporary anticoagulant drugs can 

offer additional challenges in the elderly hip fracture population due to organ frailty, 

reduced kidney function, altered drug distribution, and drug interactions. Many clinical 

drug trials conducted by the industry exclude elderly patients (108). However, elderly 

people may need treatment optimization the most.  

 

Classification of anticoagulants  

Several anticoagulants exist, some with competing functions, others with parallel 

functions, and their preference is mostly determined by the need for monitoring and 

route of administration.  

Heparin potentiates the effect of antithrombin III and releases tissue factor pathway 

inhibitors from the vessel walls. The drugs are given intravenously as unfractionated 

heparin or subcutaneously as LMWH. Due to the routes of administration, heparin is 

mostly used as temporary anticoagulation during or after hospital stays. The effects of 

heparin can be reversed fully (or partly, in the case of LMWH) by administration of 

protamine sulphate. 

Oral anticoagulants include vitamin K antagonists (VKAs) and direct oral 

anticoagulants (DOACs) which directly inhibit factor Xa or thrombin. Oral 

anticoagulants have revolutionized the possibility of easy and safe drug administration 

at home. Consequently, they are now often preferred for long-term treatment. The 

main indications for oral anticoagulants include venous thromboembolism (VTE), 

stroke prevention (DOACs and VKA) and post-heart valve replacement prophylaxis 

(VKA) (109). DOACs are administered in fixed doses with generally predictable 

anticoagulant effects; they therefore do not require routine monitoring, unlike VKAs. 

As of 2020, the newly arrived DOACs have limited reversal opportunities available. 

One specific immediate reversal agent for the thrombin inhibitor dabigatran has been 
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on the market since 2015 (Idarucizumab, Praxbind™) (110). Less than three years ago 

(2018), the American Federal Drug Agency approved a reversal agent for factor Xa 

inhibitors as rivaroxaban and apixaban (andexanet alpha, AnedexXaTM) (111). 

However, these reversal agents are expensive with a short time of experience. In 

Norway, their use is restricted to patients suffering from uncontrolled haemorrhage or 

needing emergency surgery. Norwegian guidelines also suggest the use of prothrombin 

complex concentrate to partially reverse DOACs (112). Routine reversal of DOACs 

preoperatively is not advised in Norwegian guidelines for hip fracture treatment (113).  

 

 

Figure 4. Illustration of the main mechanisms of action of anticoagulants using colour 

orientation. The figure does not show either the coagulation cascade or the mechanism 

of actions of the medication in a complete manner.  

 

Development of modern VTE prevention 

The first known identification of a deep vein thrombosis (DVT) was described in the 

Middle Ages, in 1271 (114). Many forms of treatment for DVT have been attempted 

through history, including bloodletting, cold baths, application of heat, vein ligation, 
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antibiotics, and the use of lumbar spinal blocks (115, 116). Strict bed rest was common 

practice to prevent thrombus migration until the 19th century (114, 117). Splints were 

often used to secure immobilization. In 1793, occlusion of veins due to blood clots 

were hypothesized to cause DVTs by Dr John Hunter (118). The relationship between 

deep vein thrombosis and pulmonary embolism was discovered by Rudolph Virchow 

in the mid-1850s. Still to this day, the three main factors contributing to thrombosis 

are recognized as Virchow’s triad (stasis, endothelial damage and hypercoagulability) 

(119). The anticoagulant era began when the first effective medicine, heparin, was 

identified in 1916 and introduced in humans in 1935-37 (120-123). Even though RCTs 

did not exist at the time, heparin was already being widely used in the 1940s due to 

steep reductions in mortality following symptomatic VTE (124). Surgical 

thromboprophylaxis was among the first established indications for using heparins 

(125). LMWH was introduced in the 1980s, thus abandoning the need for drug 

monitoring and allowing home care. 

 

Figure 5. Timeline of the development of modern anticoagulation 

 

In 1954, the first oral drugs, VKAs, were approved for the prevention of VTE by the 

US Food and Drug Administration, thereby allowing for long-term anticoagulant 

treatment. While VKAs have been on the market since 1954, the first DOACs were 

approved in 2008-2010. In large trials, DOACs have been equivalent to or better than 

warfarin in the prevention of arterial embolism and cerebral infarction due to atrial 

fibrillation (126-128). The risk of cerebral bleeding also seems to be lower with 
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DOACs than with warfarin (126, 128, 129). Due to encouraging study results, active 

marketing, and decreased monitoring requirements, the numbers of DOAC users 

increased by 150% in Norway from 2014 to 2018 and DOACs as a group have 

surpassed VKAs (102). 

Controlled trials have investigated the use of anticoagulation versus placebo for hip 

fracture at least as far back as 1959 (130). However, baseline risk of VTE and bleeding 

for hip fracture surgery are difficult to study as there have been major changes in 

surgical techniques and time to ambulation, which influence the risk of bleeding and 

VTE-related complications. A Norwegian study reported an average length of stay for 

hip fracture patients of 35 days in the 1960s (131). In comparison, length of stay for 

hip fracture patients in seven European countries was recently compared with a 

Norwegian average of 10 days (132). The estimated risk of complications related to 

VTE following hip fracture surgery has fallen from 15-46% without anticoagulation, 

as reported from RCTs before the 1980s (133-135)), to 1-2% reported from 

observational studies using LMWH in the early 2000s (136, 137).  

Internationally, guidelines now strongly recommend the use of thromboprophylaxis 

for hip fracture surgery. However, consensus has not been reached regarding the 

choice of medication, time of initiation, and duration of use. American guidelines 

recommend anticoagulation for at least 10 to 14 days (138); Grade 1B evidence 

supports the use of LMWH, fondaparinux, adjusted doses of unfractionated heparins 

or VKAs, and aspirin. LMWH is stated to be the preferred drug of choice, partly due 

to good efficacy-to-safety profiles (139). The guidelines of the UK National Institute 

for Health and Care Excellence (NICE) recommend one month of thromboprophylaxis 

with LMWH or fondaparinux for fragility fractures of the femur (provided that there is 

a low risk of bleeding) (140). In Norway, 98% of hip fracture patients have received 

LMWH as thromboprophylaxis since 2005 (104). Similar predominance of LMWH 

has also been reported from Denmark and the Netherlands (141, 142). For other types 

of major surgery of the hip and knee, such as total hip or total knee replacements, 

guidelines from Norway, the UK and the US also support the use of DOACs as 

thromboprophylaxis (138, 140, 143). However, DOACs have only been in use for a 
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short time and have limited opportunities for surveillance and reversal. They are 

therefore still not recommended for perioperative thromboprophylaxis in the elderly 

hip fracture population.  

Complimentary non-pharmacological treatments have also been suggested to prevent 

VTE complications following major orthopaedic surgery with varying success. 

Intermittent pneumatic compression devices (IPCDs) are recommended in the UK if 

pharmacological interventions are contraindicated or denied due to patient compliance 

(140), or as a supplement to a pharmacological intervention in the US (138). The 

placement of inferior vena cava filters is not recommended for primary prophylaxis 

today. Filters and IPCD solutions are currently either not approved or not used for 

orthopaedic surgery in Norway. They have therefore been excluded from recent 

national thromboprophylaxis guidelines (143). Mechanical non-pharmacological 

interventions will not be further discussed in the thesis. Early mobilization after the 

hip fracture is thought to reduce the risk of VTE. However, the evidence concerning 

benefits of early ambulation is sparse.  

 

1.6 Anticoagulation in relation to surgery and neuroaxial anaesthesia 

The benefits of anticoagulants must be balanced against the risks in order to perform 

safe surgical and neuroaxial anaesthesia procedures. RCTs aiming to find the optimal 

timing of anticoagulation before anaesthesia are problematic due to few neuroaxial 

bleeding events and the potentially unethical selection of patient treatment. There is  

limited practical experience with DOACs, and we lack evidence for safe intervals from 

drug termination to neuroaxial procedures (144). European guidelines suggest pausing 

of DOACs in line with their pharmacokinetic properties (145-148). Norwegian 

guidelines advise waiting at least two days from the last DOAC administration before 

performing elective surgery, and if possible delaying emergency surgery for at least 

one half-life of elimination (112). The half-life is approximately 12-14 hours for 

dabigatran, 12 hours for apixaban, 10-14 hours for edoxaban and 5-9 hours for 

rivaroxaban (11-13 hours for elderly users) (149). However, guidelines for semi-
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urgent surgery such as hip fracture surgery are sparsely described. In the recently 

published Norwegian interdisciplinary guideline for hip fracture treatment (150), hip 

fracture surgery is advised after one half-life of the DOAC has passed, while 

neuroaxial anaesthesia can be performed after 24-48 hours. In Norway, 85-90% of hip 

fracture patients are operated with neuroaxial anaesthesia (63). 
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2 Aims of the study  

The aims of this study were: 

1. To identify current practice for timing of anticoagulant administration to hip fracture 

patients. We aimed to evaluate both temporary and long-term use of 

thromboprophylaxis. 

2. To identify perioperative and postoperative outcomes for hip fracture patients 

by comparing established anticoagulant administration regimens in Norway. 

3. To investigate how preoperative factors influence outcomes after the hip 

fracture by studying time from fracture via admission to surgery and the long-

term use of direct oral anticoagulants.  

 

The specific aims of the four papers included in the thesis were: 

Paper I. To investigate the risk of mortality, reoperations, and intraoperative bleeding 

complications by comparing preoperative versus postoperative start of low-molecular-

weight heparin in femoral neck fracture patients operated with hemiprosthesis. 

 

Paper II. To investigate the risk of mortality, reoperations, and intraoperative 

bleeding complications by comparing preoperative versus postoperative start of low-

molecular-weight heparin in hip fracture patients operated with osteosynthesis.  

 

Paper III. To investigate whether time from hip fracture to surgery influences one-

year mortality and risk of intraoperative medical complications. 

 

Paper IV. To compare time to surgery, length of hospital stay, mortality, and bleeding 

complications for hip fracture patients using direct oral anticoagulants compared to 

non-users before the hip fracture occurs.   
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3 Materials 

3.1 The Norwegian Patient Registry  

There are 17 mandatory national health registries in Norway. The goal of these 

regulated registries is to provide reliable information about health and quality of 

healthcare in Norway (151). Among these registries is the Norwegian Patient Registry 

(NPR), established in 1997. The NPR is administered by the Norwegian Directorate of 

Health. The NPR receives information (e.g. ICD-10 codes) from the hospitals 

regulating activity-based financing, administration, and management for the 

Norwegian health care services. The information in the NPR has been personally 

identifiable since 2008 using the 11-digit national identification numbers assigned to 

each inhabitant of Norway. From then on, we have been able to identify information on 

the same patient in each hospital and between hospitals. The NPR does not require 

consent from patients, following an evaluation by the Norwegian government.  

In Paper III, we extracted time of hospital admission for hip fracture patients from the 

NPR. Then we extracted time of hip fracture from the Norwegian Hip Fracture 

Register. The utilization of two registries enabled us to compare total delay (time from 

fracture to surgery), prehospital delay (time from fracture to admission), and hospital 

delay (time from admission to surgery) for hip fracture patients.  
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3.2 The Norwegian Hip Fracture Register  

In addition to the registries regulated by law, there are more than 200 medical 

registries in Norway licensed by the Data Inspectorate. One of these is the Norwegian 

Hip Fracture Register (NHFR). Despite extensive research, there is still no worldwide 

consensus on optimal hip fracture treatment at the beginning of 2021. With an ageing 

population increasing the likelihood of fractures, the NHFR was established in 2005 

engaged by the Norwegian Orthopaedic Association and is legally managed by the 

Department of Orthopaedic Surgery at Haukeland University Hospital in Bergen. The 

NHFR is funded by the Government through the Western Norway Regional Health 

Authority (Helse Vest RHF) and provides a nationwide service by processing reports 

from all hospitals treating hip fracture patients in Norway.   

The NHFR has permission from the Norwegian Data Inspectorate to gather data on hip 

fracture patients following written patient consent. Orthopaedic surgeons report by 

completing a one-page form directly after each surgery (Appendix I). The form 

contains detailed patient information including the patients’ personal identification 

number. Time of fracture and fracture classification are reported, as is the presence of 

cognitive impairment. If cognitive impairment is suspected but not known, the form 

recommends a clock test to determine impairment; here, the patient is asked to draw a 

clock showing ten minutes past eleven (152) (Appendix I). Comorbidity is reported 

using the ASA classification (153). Time, duration, and type of surgery are reported. 

The surgeon also reports chemical thromboprophylaxis given during treatment 

(whether or not it was used, which medication, dosage, and whether the first dose was 

given preoperatively or postoperatively). Annual reports from the registry 

demonstrating time trends and outcomes are sent to all orthopaedic departments and to 

the health authorities. Since 2017, interactive results from the NHFR can be found at: 

https://www.kvalitetsregistre.no/registers/525/resultater. The interactive results enable 

each hospital to compare results on national quality indicators. One of the national 

quality indicators, time from fracture to surgery, was assessed in detail in Paper III.  
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The National Directorate of Health aims to reduce bias through validation studies of 

all registers in Norway. Both in validation studies from 2016 and 2017-2018, the 

NHFR was found to have a high registration completeness of 88% for osteosyntheses 

and 94-95% for hemiprostheses compared to the NPR (104, 154). 

 

3.3  Mortality, reoperations and complications  

To study postoperative mortality in Papers I-III, information on death and emigration 

was provided by the Norwegian Population Register (155). The Norwegian Data 

Protection Authority approved the purpose and use of these data.  

If patients need secondary surgery following the fracture, reoperations are reported on 

the same form as listed in Appendix I. In Papers I-III, a reoperation was defined as 

any secondary surgery following the primary operation. Secondary surgery therefore 

also included closed reduction of a dislocated hemiprosthesis and soft tissue 

debridement without exchange or removal of a prosthesis. Secondary surgery was 

linked to the primary operation using the patient’s identification number even if the 

procedures were performed in different hospitals. The completeness of registration of 

revision surgery in the NHFR was found to be 80% for osteosyntheses and 73% for 

HA in 2017-2018 (104).  

When reporting data to the NHFR directly after surgery (Appendix I), the surgeon 

should also report intraoperative complications. These complications are individually 

described by the surgeon. For example, intraoperative complications can arise due to 

excessive bleeding, which is an endpoint studied in Papers I-II. Intraoperative 

complications can also be divided into surgical complications and medical 

complications, as we did in Paper III.  

No studies have been conducted to assure the quality and quantity of reporting of 

complications to the NHFR.   
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3.4 Medical records  

In Paper IV, the need for detailed day-to-day information on drug administration, 

hospital treatment, and adverse outcomes made the use of registries inadequate. We 

therefore used a retrospective study design by extracting data from medical records 

from a single trauma centre. 360 patients operated from December 2016 to December 

2017 were extracted from the hospital database by using the ICD-10 codes S72.0-

S72.2. Admission and discharge papers and day-to day documentation throughout the 

hospital stay from both orthopaedic surgeons and anaesthesiologists were used. Drug 

administration logged by nurses and doctors was assessed. To ensure reproducibility, 

all records were assessed by one researcher, Sunniva Leer-Salvesen. The Regional 

Ethics Committee classified the study as quality assurance, which negated the need for 

ethical assessment (case number 1366/REK). The hospital data protection officer 

approved the study. The variables studied in Paper IV are further described in Table 1.  

Table 1. Source of information and classification of the variables studied in Paper IV  

 

 

Variable Source of information Classification 

 

Patient information 

 

  

Age Personal identification number Recorded in years.  

Sex Medical records Male or female 

Level of care  Medical records  Description of either home care or long-term care in 

a nursing home both before and after the fracture  

Cognitive 

impairment 

Admission papers and medical 

records from doctors 

If a known diagnosis of documented cognitive 

impairment was mentioned, the patient was 

recorded as having cognitive impairment. Unknown 

cognitive function and patients with suspected 

delirium were not included in the group defined as 
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having cognitive impairment. 

ASA class Anaesthesia records ASA classification I-V 

Preoperative use of 

anticoagulants 

Admission papers from doctors The active pharmaceutical ingredient was recorded. 

Dosage was recorded in milligrams. Time of 

administration was recorded in hours before and 

after surgery. 

Preoperative use of 

antiaggregants 

Admission papers from doctors The active pharmaceutical ingredient was recorded. 

Dosage was recorded in milligrams. Time of 

administration was recorded in hours before and 

after surgery (if known). 

Laboratory tests  

Haemoglobin Laboratory records Values in g/dl. Recorded preoperatively, the first 

morning postoperatively and at the last 

measurement before discharge.  

International 

normalized ratio  

Laboratory records Value at the time of admission  

Thrombocytes  Laboratory records Value at the time of admission 

Creatinine  Laboratory records Values in µmol/L at the time of admission and the 

first morning postoperatively  

 

Treatment  

 

  

Time from 

admission to 

surgery 

1. Administration reports 

identified the time of admission. 

2. Anaesthesia reports identified 

the start of surgery. 

Recorded in hours 

Type of surgery Medical records from 

orthopaedic surgeons 

Osteosynthesis  

(recorded as screw osteosynthesis, intramedullary 

nail or sliding hip screw) or  

arthroplasty (recorded as HA or THA) 

Duration of surgery Identified from medical records 

by anaesthesiologists 

Recorded in minutes 

Type of anaesthesia  Identified from medical records 

by anaesthesiologists 

Documented in written text, recorded as spinal or 

general anaesthesia (including both total intravenous 

anaesthesia and inhalational anaesthesia). 

Length of  

hospital stay 

Identified from patient medical 

records  

Recorded in days  
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Complications 

 

 

Readmission to 

hospital 

Identified from medical records 

covering the first six months 

following the fracture 

Recorded as both dichotomous (readmitted or not) 

and continuous (number of readmissions). 

Excessive bleeding Intraoperative bleeding 

described in the medical records 

from orthopaedic surgeons or 

anaesthesiologists Postoperative 

bleeding reported in the 

orthopaedic surgeon’s medical 

records  

Dichotomous recording (excessive bleeding or not). 

Timing of bleeding was noted (intraoperative or 

postoperative identification) 

Intraoperative 

blood loss 

Anaesthesia record  Recorded based on the routine estimation of blood 

loss in mL by the surgical team  

Need for 

transfusion 

Identified from the medical 

records signed by both doctors 

and nurses 

Blood transfusion rates and transfusion 

amounts (number of allogenic red blood cells 

infused in standard units) were noted.  

Change in 

haemoglobin 

Laboratory values The difference was calculated between the level of 

haemoglobin at admission and the morning after 

surgery (change in haemoglobin concentration). 

Wound 

complications 

Postoperative medical records 

from orthopaedic surgeons  

If the doctors described a postoperative wound 

ooze, a case was recorded. Further, wound 

infections and secondary surgery due to infections 

were recorded. 

Thromboembolic 

complications 

1. Written description of VTE in 

the medical records 

2. Identification of radiological 

confirmation in the medical 

records   

3. Identification of ICD-10 

codes I80.0, I80.1, I80.2, I80.3, 

I80.8, I80.9, I26.0, I26.9  

Dichotomous recording (VTE or no VTE) 

Reoperations Identification of secondary 

surgery during the primary 

hospital stay or readmission the 

first six months after the fracture  

Dichotomous recording (reoperation or not). In 

addition, the cause of reoperation was described in 

each case.   

Mortality Administrational reports from 

the medical records, which 

includes all deaths recorded in 

the Norwegian Cause of Death 

Registry   

Dichotomous recording of 30-day and  

6-month mortality  
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4. Statistics 

Analyses were performed in IBM SPSS Statistics Version 22 (Paper I) and 24 (Papers 

II-IV) (IBM Corp., Armonk, NY, USA) and the statistical package R (www.R-

project.org). 

 

4.1  Survival analysis 

In Papers I-III, survival analyses were performed using Kaplan-Meier and Cox 

regression methods to calculate hazard risk ratios for mortality and reoperations. 

Assessments of proportionality in the Cox models were performed using log minus log 

plots of the adjusted survival curves, and the proportionality assumptions were 

fulfilled (156). The Cox multiple regression model was used to compare relative risks 

of postoperative death and reoperations. Patients who died or emigrated during the 

follow-up period were identified from files provided by Statistics Norway, and the 

follow-up period for all patients was censored at the date of death or at the end of the 

study. In all three papers, calculations were adjusted for age, sex and ASA 

classification. We did not adjust for patients who were operated for hip fractures on 

both sides as it has earlier been shown that bilateral surgery will not alter conclusions 

for the covariates entered (157) 

 

4.2  Continuous variables 

The independent student´s t-test was used to compare mean values in continuous 

variables in all four papers. The significance level was set to 0.05. Q-Q plots were 

used to assess normality. In Paper IV, the assumption of variance between groups was 

assessed using Levene´s test. Where the assumption held, the student’s t-test was used.  
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4.3  Categorical variables 

Several statistical methods were used to express categorical variables.  

Odds ratios (ORs) quantify the strength of the association between two events. ORs 

were calculated and presented with 95% confidence intervals in Papers III- IV. 

Pearson´s chi-squared test evaluates how likely it is that observed differences between 

categorical data sets have arisen by chance. Pearson´s chi-squared test was used in 

Paper III. The measure of numbers needed to harm (NNH) indicates how many 

individuals on average need to be exposed to a risk factor to cause harm to an 

individual who would otherwise not be harmed. In Paper II, NNH was calculated and 

defined as the number of patients treated preoperatively with LMWH in order to cause 

one intraoperative bleeding complication because of preoperative start compared with 

postoperative start, assuming a direct causal effect. NNH was calculated as the inverse 

of the absolute risk increase. Thus, the number needed to harm was calculated as an 

inverse value of the risk difference between preoperative and postoperative start of 

LMWH. 

4.4  Power analysis 

In Paper IV, we performed a power analysis to estimate the number of patients 

necessary to include in order to achieve statistical significance between groups 

(DOAC users and non-users). We used the main outcome, delay from fracture to 

surgery, to assess the inclusion. Based on guidelines from the Norwegian Knowledge 

Centre for the Health Services, hip fracture patients should preferably be operated 

within 24 hours and no later than 48 hours after admission (158). We calculated a 

standard deviation of 15.1 hours by using hip fracture patients with a surgical delay of 

less than 96 hours reported to the NHFR. Based on alpha of 0.05 and beta of 0.9, 28 

patients were needed in each group. Since 9.4% of Norwegian patients > 60 years 

were using DOACs in 2017(102), the total sample size was calculated to be 300. To 

account for exclusion criteria and missing information, we increased the sample size 

by 20%. 
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5. Summary of Papers I-IV 

5.1 Paper I 

Leer-Salvesen S, Dybvik E, Dahl OE, Gjertsen JE, Engesæter LB. Postoperative start 

compared to preoperative start of low-molecular-weight heparin increases mortality 

in patients with femoral neck fractures. Acta Orthop. 2017 Feb;88(1):48-54. 

Background: Controversies exist regarding thromboprophylaxis in orthopaedic 

surgery, especially for the frail hip fracture population. We used data from the 

nationwide NHFR with postoperative death and reoperation the first six months after 

surgery as endpoints in the analyses to investigate whether thromboprophylaxis in 

patients undergoing hemiarthroplasty for femoral neck fracture should start 

preoperatively or postoperatively. 

Methods: After each operation for hip fracture in Norway, the surgeon reports 

information on the patient, the fracture, and the operation to the NHFR. The form also 

provides information on the chemical thromboprophylaxis given during treatment 

(whether or not it was used, which drug, dosage, and whether the first dose was given 

preoperatively or postoperatively). During the period 2005-2014, antithrombotic 

medication was given to 99% of patients. LMWH predominated with dalteparin in 

57% of the operations and enoxaparin in 41%. Only operations with these two drugs 

and with known information on preoperative or postoperative start of the prophylaxis 

were included in the analyses (n = 20,241). Cox regression analyses were performed 

with adjustments for age, ASA classification, gender, type of implant, length of 

surgery, and year of surgery. 

Results: Compared to preoperative start of thromboprophylaxis, postoperative start of 

thromboprophylaxis was associated with a higher risk of death (RR = 1.13, 95% CI: 

1.06–1.21; p < 0.001) and a higher risk of reoperation for any reason (RR = 1.19, 95% 

CI: 1.01–1.40; p = 0.04), whereas we found no effect on reported intraoperative 

bleeding complications or on the risk of reoperation due to haematoma. The results did 

not depend on whether the initial dose of prophylaxis was full dosage or half of the 

standard dosage. 
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Conclusion: Postoperative start of thromboprophylaxis increased the mortality and 

risk of reoperation compared to preoperative start in femoral neck fracture patients 

operated with hemiprosthesis. The risks of bleeding and of reoperation due to 

haematoma were similar in patients who received LMWH preoperatively and in those 

who received it postoperatively. 

 

 

 

 

Figure 6. Postoperative mortality for femoral neck fracture patients treated with 

hemiprosthesis. The figure is reprinted with permission from the original article in 

Acta Orthopaedica. 
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5.2 Paper II  

Leer-Salvesen S, Dybvik E, Engesaeter LB, Dahl OE, Gjertsen JE,. Low-molecular-

weight heparin for hip fracture patients treated with osteosynthesis: should 

thromboprophylaxis start before or after surgery? An observational study of 45,913 

hip fractures reported to the Norwegian Hip Fracture Register. Acta Orthop. 2018 

Dec;89(6):615-621. 

Background: Consensus on thromboprophylaxis administration has not been reached 

in hip fracture surgery. We studied whether thromboprophylaxis in hip fracture 

patients treated with osteosynthesis should start before or after surgery. Data were 

extracted from the NHFR. The risks of postoperative deaths, reoperations, and 

intraoperative bleeding complications within six months of surgery were studied. 

Methods: After each hip fracture surgery in Norway, the surgeon reports information 

on the patient, the fracture, and the operation to the NHFR. Information regarding 

chemical thromboprophylaxis given during treatment is also reported to the register 

(whether or not drugs was used, which drug, dosage, and whether the first dose was 

given preoperatively or postoperatively). From 2005–2016, 96,599 hip fractures were 

reported to the register. Only osteosyntheses where LMWH was given with a known 

start of the prophylaxis were included in the analyses (n = 45,913). We performed Cox 

regression analyses with adjustments for age group, ASA classification, sex, duration 

of surgery, and year of surgery.  

Results: Dalteparin and enoxaparin were used in 58% and 42% of the operations 

respectively. Mortality (RR = 1.01, 95% CI 0.97–1.06) and risk of reoperation (RR = 

0.99, CI 0.90–1.08) were similar when comparing preoperative and postoperative start 

of LMWH. Postoperative start of LMWH reduced the risk of intraoperative bleeding 

complications compared with preoperative start (RR = 0.67, 95% CI 0.51–0.90). 

Conclusion: The initiation of LMWH did not influence mortality or risk of 

reoperation in hip fracture patients treated with osteosynthesis. Postoperative start of 

LMWH could possibly decrease the risk of intraoperative bleeding. 
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Figure 7. Postoperative mortality for hip fracture patients treated with osteosynthesis. 

The figure is reprinted with permission from the original article in Acta Orthopaedica.  
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5.3 Paper III  

Leer-Salvesen S, Engesæter LB, Dybvik E, Furnes O, Kristensen TB, Gjertsen JE. 

Does time from fracture to surgery affect mortality and intraoperative medical 

complications for hip fracture patients? An observational study of 73,557 patients 

reported to the Norwegian Hip Fracture Register. Bone Joint J. 2019 Sep;101-

B(9):1129-1137 

Background: The influence of time from hip fracture to definitive surgery is not clear. 

Current studies have investigated hospital delay with conflicting results. The aim of 

this study was to examine mortality and risk of intraoperative medical complications 

depending on delay from hip fracture to surgery by using data from the NHFR and the 

NPR. 

Methods: A total of 83,727 hip fractures were reported to the NHFR between 2008 

and 2017. Pathological fractures, unspecified types of fractures or treatment, patients 

below 50 years of age, unknown delay to surgery, and delays to surgery longer than 

four days were excluded. We studied total delay (fracture to surgery, n = 38,754) and 

hospital delay (admission to surgery, n = 73,557). Cox regression analyses were 

performed to calculate RRs adjusted for sex, age, ASA classification, type of surgery, 

and type of fracture. ORs were calculated for intraoperative medical complications. 

We compared delays of 12 hours or less, 13 to 24 hours, 25 to 36 hours, 37 to 48 

hours, and more than 48 hours. 

Results: Mortality remained unchanged when total delay was less than 48 hours. Total 

delay exceeding 48 hours was associated with increased three-day mortality (RR = 

1.69, 95% CI 1.23-2.34; p = 0.001) and one-year mortality (RR = 1.06, 95% CI 1.04-

1.22; p = 0.003). More intraoperative medical complications were reported when 

hospital delay exceeded 24 hours. 

Conclusion:  Hospitals should operate on patients within 48 hours of the fracture to 

reduce mortality. As our study found more intraoperative medical complications 

reported in connection with more than 24 hours’ hospital delay, we fully support the 

practice of early surgical intervention in the treatment of patients with hip fractures. 
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Figure 8. Time from fracture to surgery in the study population (n=38,754)  
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5.4 Paper IV 

Leer-Salvesen S, Dybvik E, Ranhoff AH, Husebø BL, Dahl OE, Engesæter LB, 

Gjertsen JE. Do direct oral anticoagulants (DOACs) cause delayed surgery, longer 

length of hospital stay, and poorer outcome for hip fracture patients? Eur Geriatr 

Med. 2020;11(4):563-9 

Background: The perioperative consequences for patients taking DOACs before the 

hip fracture are not sufficiently studied. The primary aim of this study was to 

determine whether DOAC users have delayed surgery compared to non-users. 

Secondarily, we studied whether length of hospital stay, mortality, reoperations, and 

bleeding complications were influenced by the use of DOACs. 

Methods: The medical records of 314 patients operated for a hip fracture between 

2016 and 2017 in a single trauma centre were assessed. Patients aged < 60 and patients 

using other forms of anticoagulation than DOACs were excluded. Patients were 

followed from admission to six months postoperatively. Surgical delay was defined as 

time from admission to surgery. Secondary outcomes included length of hospital stay, 

transfusion rates, perioperative bleeding loss, postoperative wound ooze, mortality, 

and risk of reoperation. The use of general versus neuroaxial anaesthesia was 

recorded.  

Results: 47 hip fracture patients (15%) were taking DOACs. No differences in 

surgical delay (29 vs. 26 hours, p = 0.26) or length of hospital stay (6.6 vs. 6.1 days, p 

= 0.34) were found between DOAC users and non-users. DOAC users operated with 

neuroaxial anaesthesia had longer surgical delays than those operated with general 

anaesthesia (35 vs. 22 hours, p < 0.001). Perioperative blood loss, transfusion rate, risk 

of bleeding complications and mortality were similar between groups.  

Conclusion: Hip fracture patients using DOACs did not have increased surgical delay, 

length of stay or risk of bleeding complications than patients without anticoagulation 

prior to surgery. The increased surgical delay found for DOAC users operated under 

neuroaxial anaesthesia should be interpreted with caution. 
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Table 2. Surgical delay, length of hospital stay, type of anaesthesia, perioperative 

complications and mortality reported in hip fracture patients with DOAC or no 

anticoagulation prior to the fracture (n=314). This table is reprinted from the corrected 

version of the original article (Appendix III). 
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6. Discussion 

 

6.1  Observational studies versus randomized controlled trials 

Prospective RCTs have the highest level of evidence in science. RCTs are also central 

to the understanding of treatment of hip fracture patients, where outcomes can diverge 

significantly when comparing perioperative treatment strategies. The structure of 

RCTs minimizes the risks of bias and confounding. However, RCTs will not always be 

feasible due to their use of time and resources, their expense, and subsequently limited 

patient inclusion and time frames. Due to these limitations, several problems are 

unsuitable for RCTs. Further, RCTs can only study a limited number of primary 

outcomes at a time. Metastudies have shown that well-structured observational study 

designs can provide similar results to RCTs, given that confounding and bias are 

controlled for (159, 160). It is imperative to understand the strengths and weaknesses 

of both observational and experimental study designs, which will be discussed in the 

next section. The strengths and weaknesses of observational study designs are further 

discussed by Thygesen et al. (161).  

In both RCTs and observational studies, there is a risk of data dredging, where many 

hypotheses are tested and only the significant ones are reported. Several efforts have 

been made to reduce the risk of dredging and publication bias, yet there is still a long 

way to go to achieve a change of attitude in the research community to increase 

publication of null results. One initiative in observational studies is the use of 

checklists to ensure adequate reporting from researchers, in order to evaluate 

methodological strengths, weaknesses and generalizability for each project. STROBE 

has been created for all epidemiological observational study designs while RECORD 

was created as an extension to STROBE to identify potential pitfalls when using 

routinely collected health data for research purposes (162, 163). The STROBE 

checklist was used in Papers I-II.  
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6.1.1 Strengths of register studies 

Medical registries facilitates the use of epidemiological data on a larger scale than 

other study designs. Coupling of different registries further expands the opportunities. 

Researchers can thus avoid protracted and expensive data collection. In contrast to 

RCTs, multiple patient groups and treatment algorithms can be compared in the same 

study. Further, national registries such as the NHFR report results from the average 

surgeon from all hospitals treating hip fractures in Norway. Thus, register data can 

have high external validity. Rare complications, intraoperatively and postoperatively, 

are outcomes suitable for register study designs as the time lines are flexible and the 

data sets are large. Such outcomes are presented in Papers I-II, where we studied the 

occurrence of intraoperative bleeding and reoperations due to haematomas.  

 

Large cohort studies and RCTs are dependent on voluntary patient participation. 

Challenges arise as every fourth hip fracture patient is reported to suffer from 

cognitive impairment (164). In addition, delirium has been reported at significant rates 

both before (20%) and after hip fracture surgery (36%) (165). These patients are at risk 

of non-response and loss to follow-up. The unwanted consequence is that results from 

patients with cognitive impairment are frequently not reported or excluded from RCTs 

on hip fracture management (166). In contrast, registries are able to obtain "complete 

data" for the study population, thereby reducing the risk of selection bias and recall 

bias. Even for the consent-based NHFR, the high level of completeness compared to 

the mandatory NPR supports limited selection bias also in our register studies (154).  

 

Observational study designs are particularly well suited for understanding broad 

populations and safety outcomes, especially when such outcomes are rare or unethical 

to study in interventional designs. A relevant example for this thesis is the 

consequences of delay to hip fracture surgery encountered in Paper III. It is 

undoubtedly unethical to randomize hip fracture patients into early and deliberately 
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late surgery. Current evidence-based knowledge reports an increased risk of mortality 

with delay to surgery (46) as well as slower functional recovery and increased 

morbidity with late ambulation after hip fracture surgery (167-169). Therefore, safety 

outcomes following delay to surgery need to be studied in observational study designs.  

To summarize, observational study designs continue to play an important role in 

research by supplementing findings from RCTs.  

 

6.1.2  Limitations of register studies 

Observational studies can report associations between exposures and outcomes, yet 

cannot prove causality. Thus, their level of evidence is lower than that of RCTs, as 

they are less conclusive. The fundamental source of bias in observational study 

designs has been attributed to unmeasured confounding. The magnitude of 

confounding can be reduced by several methods. Sensitivity analyses can assess the 

influence of unmeasured confounding. Matching or restriction of the treatment group 

(to only include cases with the same value of the potential confounding factor) can 

also be used. Regression analysis, such as logistic or Cox regression analysis, is often 

used to increase statistical control. In these analyses, the concurrent effects of various 

risk factors can be studied. We are then able to adjust for skewed distribution of 

known background variables. However, unknown variables remain hidden. The 

challenge arises because observational studies with large data sets are able to detect 

small effect sizes due to high statistical power. Firstly, the risk of hidden confounding 

factors combined with the ability to detect small effect sizes due to the high statistical 

power can generate incorrect conclusions. Secondly, observational studies risk 

detecting results of statistically significant yet clinically insignificant value.  

A register study encompasses pre-collection of data from others than the researchers 

themselves in terms of variables, exposures and outcomes (161). Registries may have 

insufficient information of great value for certain research projects. For example, the 

long-term use of anticoagulants such as warfarin and DOACs before the hip fracture is 

not reported to the NHFR. The use of such agents may influence delay to surgery, the 
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use of intraoperative LMWH, and complications during and after surgery, such as 

bleeding and wound leakage. Further, these uncontrolled outcome measures may be in 

insufficient detail or unsuitable for the study being conducted as they are generated for 

a multi-use register. For example, low-grade infections after hip fracture surgery may 

be treated with antibiotics instead of reoperation in the frailest patients, and are thus 

not reported to the NHFR as a complication. In addition, postoperative low-grade 

bleeding or wound ooze may prolong hospital stay and increase risk of infection. 

However, the NHFR only receives reports on reoperations due to haematoma or 

infection, not the conservatively treated cases. The limitations in the use of registries 

necessitated a different study design in Paper IV. By studying medical records instead 

of using a register, the researcher controls the selection of variables, both exposures 

and outcomes. Further, the risk of inter-observer variation is eliminated by using only 

one researcher (SLS).     

Register studies risk selection bias and information bias, as the data need to be handled 

by independent reporters. In 2016, the NHFR was found to have high registration 

completeness of 88% for osteosynthesis and 95% for HA, compared to the NPR (154). 

In reality, the completeness of the NHFR may be even higher as re-admissions due to 

hip fracture complications are sometimes recorded as primary hip fractures in the 

NPR, leading to an overestimation of 14% in the NPR in one study (170). However, 

another study demonstrated inconsistency with both underreporting and overreporting 

of hip fracture diagnoses to the NPR over a seven-year period (171). To conclude, we 

need to be aware of the different sources of inaccuracy in code-related registries 

(NPR) and quality registries (NHFR), especially when comparing results. 

The high completeness of primary hip fractures in the NHFR may be associated with 

the relatively straightforward coding for these fractures and subsequent surgeries 

compared to other diseases requiring long-lasting diagnostic evaluations. 

Unfortunately, the completeness has been significantly lower for reoperations than 

primary operations in the NHFR compared to the NPR: 73% for reoperations after HA 

and 80% for reoperations after osteosynthesis in 2017-2018 (104). In contrast to the 

Norwegian Arthroplasty Register, the NHFR defines all secondary procedures as 
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reoperations, including closed reduction of dislocated hemiprostheses and soft tissue 

revisions. Such a definition may lead to underreporting of minor reoperations. The 

lower completeness may also be caused be imprecise coding and poor education in the 

complex and varied coding for secondary surgery. However, the underreporting of 

reoperations is assumed to be a non-differential misclassification: reoperations are 

missing regardless of surgical approach, anticoagulant therapy and delay to surgery.  

Register studies can also be limited in terms of the correctness of data, partly because 

a gold standard for comparison is hard to define (172). Relevant to our study outcomes 

in Papers I-IV, surgeons continuously evaluate whether or not complications occurred 

during each hip fracture operation. However, individual considerations and experience 

will influence the perception of a complication. Validation studies on complications 

reported to the register in comparison to medical records are time- and resource-

consuming, yet are needed for further evaluation of our findings from the register. 

However, it is unlikely that complications are selectively reported in relation to 

thromboprophylaxis, medication use or delay to surgery as studied in this thesis. Thus, 

the associated risks of complications identified in this thesis may supplement future 

prospective trials.   
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6.2  Discussion of results 

6.2.1  Preoperative versus postoperative start of thromboprophylaxis 

 In Paper I, preoperative start of LMWH compared to postoperative start was 

associated with reduced mortality for femoral neck fracture patients operated with HA. 

In Paper II, which studied hip fracture patients operated with osteosynthesis, no such 

effect was found. However, preoperative LMWH was associated with more bleeding 

complications in osteosynthesis, yet not in HA. Our results are only valid for 

dalteparin and enoxaparin. However, the benefit of a preoperative start may also be 

valid for other parenteral and oral anticoagulant compounds available. 

The divergent mortality outcomes in Papers I-II indicate that surgery and 

postoperative recovery following osteosynthesis and HA have different sensitivity to 

thromboprophylaxis. One potential reason is that the surgical trauma is not equivalent 

between HA and osteosynthesis. Accordingly, if an osteosynthesis causes less trauma 

and thrombin-driven vascular complications, the consequences of LMWH initiation 

may be less clinically important for patients treated with osteosynthesis compared to 

HA. A larger trauma, such as HA, can cause intravascular coagulation, which may 

lead to micro-embolization. Secondary cardiopulmonary effects are more likely to be 

clinically relevant among the frailest hip fracture patients with limited physical 

reserves.  

Increased intramedullary pressure during cementation contributes to the surgical 

trauma in HA. Therefore, it has been hypothesized that uncemented arthroplasties 

generate less significant pressures during surgery, which may influence the need for 

thromboprophylaxis. Several studies have found increased mortality the first day after 

cemented HA compared to uncemented HA for FNF (99, 173), including a recent large 

Norwegian register study (101). Even though the same studies demonstrate equal long-

term mortality for patients with both cemented and uncemented HA, the fear of 

cemented arthroplasty in the elderly has risen. BCIS, a syndrome which is not 

completely understood, has been postulated to cause the divergent mortality outcomes 

(89). It has been theorized and demonstrated through cardiac ultrasound that cemented 
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prosthesis implantation causes embolization in the systemic circulation (95, 96). Such 

an embolic load can cause systemic effects ranging from hypotension to cardiac arrest. 

A recent RCT investigating THAs demonstrated increased pulmonary arterial pressure 

during cemented THAs while no such effect was seen in uncemented THAs (174). 

Based on current findings, the need for thromboprophylaxis might diverge depending 

on whether an uncemented or a cemented prosthesis is used for hip fracture patients. In 

Paper I, we studied the effects of LMWH initiation for patients with both uncemented 

and cemented HA. Interestingly, our study found reduced mortality when LMWH was 

initiated preoperatively compared to postoperatively regardless of whether cemented 

or uncemented implantation was used. Uncemented HAs thus also seem to produce a 

cardiovascular disturbance in the hip fracture patient, which benefits from early 

thromboprophylaxis. These findings also support a multifactorial cause of BCIS. BCIS 

has been associated with renal impairment, ASA class III-IV and age above 75 years 

(98). Thus, the choice of prosthesis fixation may be individualized based on such risk 

factors among hip fracture patients. It is worth noting that several studies have shown 

increased risk of reoperations, mainly caused by periprosthetic fractures, with the use 

of uncemented HA (101, 173, 175).  

Whether thromboprophylaxis should be started before or after surgery is controversial 

(176, 177). Therefore, recent guidelines support both preoperative and postoperative 

anticoagulant initiation for hip fracture surgery (138). Further, trials targeting timing 

of thromboprophylaxis focus on detecting thrombotic outcomes by using radiology 

tools including venography or ultrasound. Bleeding-related outcomes have been feared 

as secondary underestimated outcomes even though bleeding can complicate both 

surgical and anaesthesia-related interventions (178, 179). Development of haematomas 

has been associated with periprosthetic infections (180). Shifting away from the 

operation site, bleeding complications after neuroaxial anaesthesia have been 

estimated to occur in 1 of 150,000-220,000 patients (144), yet the estimates are 

uncertain and based on retrospective studies where certain patient groups may have a 

notably higher risk of such outcomes (181-184).  
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In theory, it is easier to prevent the formation of a thrombus than to arrest the growth 

of a thrombus. Therefore, preoperative start of thromboprophylaxis has been suggested 

in major orthopaedic surgery involving THA. In fact, most studies have evaluated 

anticoagulation for elective THA. In these procedures, thrombi are expected to form 

peroperatively or postoperatively as there is no preoperative fracture trauma or 

immobilization (185). Therefore, intraoperative initiation of thromboprophylaxis has 

been supported to minimize the risk of perioperative blood loss, need of transfusion 

and complications related to neuroaxial anaesthesia (177, 186-188). In the same 

studies, the efficacy of prophylaxis has been regarded as sufficient for preventing VTE 

when initiated postoperatively. However, we still lack qualitative experimental studies 

comparing the same compounds in different regimens. Two studies did not find altered 

risk of bleeding complications if dalteparin was initiated preoperatively compared to 

postoperatively for THA (189) and total knee arthroplasty (TKA) (190). However, hip 

fracture patients constitute a different patient group from elective hip replacement 

patients. Firstly, they suffer a fracture before undergoing surgery, thereby undergoing 

tissue trauma, stress immobilization, and pressurization before being exposed to the 

trauma of surgery. Secondly, hip fracture patients are frailer with a mean age of 80 

years with comorbidities present in more than 95% of cases (104, 191). Therefore, 

studies investigating thromboprophylaxis in elective THA patients cannot be directly 

generalized to hip fracture patients.  

To our knowledge, Papers I-II are the first of their kind to explore both preoperative 

and postoperative start of the same thromboprophylactic medication for hip fracture 

patients. The study is strengthened by a large data set providing unique information 

from all hospitals treating hip fractures in Norway, which increases the 

generalizability of our results. A weakness in our study was that the NHFR does not 

provide sufficient information on the exact time from LMWH administration to 

surgery (hours) or time from surgery to cessation of LMWH therapy (days). The first 

is difficult to establish in unpredictable trauma wards. The second would require 

coordinated information from secondary nursing institutions and home care services to 

record the exact treatment duration. The NHFR records data from primary and 

secondary procedures for hip fractures. Since all information is reported by the 
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surgeons immediately after each surgery, data on length of thromboprophylaxis is 

anticipated and may therefore be inaccurate.  

 

Dr Yang Huilin and Dr Sun Ye published a response to Paper I requesting 

documentation of VTE diagnosis at hospital admission in our study (192) (Appendix 

II). VTE in hip fracture patients has been little studied. The incidence of DVT seems 

to rise with increasing delay from hip fracture to surgery with observational rates of 

12-62% when screening is used (193-196). The incidence of symptomatic 

postoperative DVT has been found to be approximately 1.3% in hip fracture patients 

using thromboprophylaxis (136, 197). However, asymptomatic DVT is markedly more 

common and requires screening with radiological interventions. One study found a co-

occurrence of pulmonary embolism in up to 40% of DVT patients, but it was also 

mainly asymptomatic (198). Huilin and Ye stated that the association in Paper I 

between timing of thromboprophylaxis and mortality outcomes was hard to interpret in 

clinical practice as we failed to investigate the rate of VTE occurrences. I agree that 

additional knowledge of VTE rates both preoperatively and postoperatively could 

strengthen the beneficial results found after preoperative LMWH initiation. 

Unfortunately, several limitations exist when studying the incidence of VTE. Firstly, 

radiological VTE screening involving venography or ultrasound is primarily aimed at 

detecting subclinical thrombosis. The methods are technically limited, as age-related 

reduced kidney function complicates venography and heterogeneous ultrasound 

protocols pose a risk of inter-observer diagnostic variation (199, 200). Secondly, these 

time- and resource-consuming radiologic evaluations are not routine in hip fracture 

treatment and are beyond the scope of a national hip fracture quality register. As 

discussed earlier, register studies may be limited by the lack of researcher control 

concerning available outcomes. Whether extraordinary examinations such as VTE 

screenings are ethically feasible following a trauma the size of a hip fracture is also 

arguable. Thirdly, surrogate outcomes such as radiologically screened DVTs require a 

consistent relationship between asymptomatic DVT and symptomatic VTE events 

(201). If not, a valid comparison between bleeding and thrombotic events cannot be 
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made. Frail elderly people operated for hip fractures may experience a variety of 

complications triggered by cell destroying molecules and thrombin activity. Such 

complications can include respiratory distress, organ ischaemia, hepatic and renal 

dysfunction and local thrombosis at the trauma site (202). Thus, we have reason to 

believe that controlling thrombin can reduce mortality beyond merely preventing fatal 

venous thromboembolism (103). To conclude, Papers I-II report associations between 

the initiation of LMWH and outcomes for hip fracture patients, yet causality cannot be 

proven given the study design, the available data, and the quality of data in a national 

quality register.  

 

 6.2.2  Delay to hip fracture surgery 

In Paper III, the average delay from hip fracture to hospital admission (prehospital 

delay) was six hours, while the average delay from fracture to surgery (total delay) 

was 24 hours. Mortality increased when surgery was performed more than 48 hours 

after the fracture. Patients with a high ASA score (3-5) and patients operated with HA 

seem to be at higher risk if surgery is delayed.  

Some studies have reported increased in-hospital mortality and 30-day mortality when 

delay to hip fracture surgery increases by 12 or 24 hours from admission (hospital 

delay) (47, 203). However, several other studies found no such association between 

mortality and hospital delay (41, 49-52). A meta-analysis by Shiga et al. found 

increased 30-day and one-year mortality when hospital delay exceeded 48 hours, 

thereby supporting the results in Paper III (45). Another systematic review found that 

early hip fracture surgery within 24, 48 or 72 hours was associated with reduced 

mortality for all three cut-offs in time (204). Other retrospective studies found 

increased 30-day mortality if delay to surgery exceeded 12 hours (205) or 24 hours 

(46). Due to conflicting results, controversies now exist regarding acceptable waiting 

time to surgery for hip fracture patients. Canadian and American guidelines advise hip 

fracture surgery within 48 hours (206, 207) while NICE guidelines in the UK advise 

surgery on the day of, or the day after, admission (59). In Norway, a recommendation 

by the National Health Institute published in 2014 stated that hip fracture patients 
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should be operated within 24 hours and certainly no later than 48 hours (158). In 

addition, the Directorate of Health has classified time from admission to hip fracture 

surgery as a quality indicator in Norway, where rates of surgery within 24 and 48 

hours are counted for each hospital (208). Interestingly, these two recommendations 

do not agree on whether delay begins at the time of fracture or time of admission. 

Recently, a national interdisciplinary guideline for hip fracture treatment was 

published in Norway (113).  

We aimed to benefit the unique information on delay from fracture to admission 

(prehospital delay) by coupling data from two registries, the NHFR and NPR. As most 

studies on hip fracture patients so far have investigated hospital delay (46, 52, 205, 

209), a pioneering prehospital perspective strengthens the importance of the results in 

Paper III. A recent international multicentre RCT found an average prehospital delay 

of three hours, i.e. half the time of our finding of six hours (210). Norway´s 

dominating rural conditions may influence these diverging results. From a medical 

standpoint, the prehospital delay is important as patients have less medical 

surveillance and treatment to prevent complications. Unfortunately, the use of fracture 

time estimates increases the risk of recall and selection bias in our data. Comorbidity, 

cognitive state, and quality of home care may influence the degree to which patients 

are able to state the exact time of their fracture. In addition, time of fracture was only 

reported in 53% of the patients. To strengthen our findings, we also investigated delay 

from admission to surgery in addition to delay from fracture to surgery. As time of 

admission is administratively reported by the hospital, the risk of recall and selection 

bias is minimized.  

In Paper III, we found higher comorbidity among patients with a total delay to surgery 

of more than 48 hours. Comorbidity has also been associated with delayed surgery in 

other studies (46, 211). The key question is whether surgeries were delayed because of 

patients’ increased risk of adverse outcomes or if adverse outcomes occurred due to in-

hospital delayed surgery. As time from admission to surgery represents a crucial 

window to optimize the patient´s medical condition (43), efforts have been made to 

distinguish between acceptable and unacceptable reasons for delaying interventions 
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(44). In Paper III, we actually found the highest relative risk of three-day mortality 

when total delay exceeded 48 hours for hip fracture patients with low comorbidity 

(ASA 1-2). However, the mortality results did not reach significance, probably due to 

few fractures and deaths in this relatively healthy patient group. Further, the risk of 

reported intraoperative medical complications increased for both ASA 1-2 and ASA 3-

5 groups when hospital delay exceeded 37-48 hours. In conclusion, our results do not 

support preoperative medical stabilization as an argument to delay hip fracture surgery 

regardless of comorbidity status. Delay to hip fracture surgery varies enormously 

around the world due to local practice and health resource capacity. For instance, 

accessible transport and distance to the nearest hospital will influence prehospital 

delay both within and between countries. Unfortunately, prehospital delay is not 

included in most studies investigating delay to surgery. Therefore, comparison of 

different studies on surgical delay and outcomes can be skewed.  

In Paper III, we used a retrospective study design, as the randomization of hip fracture 

patients into early and deliberately late surgery would be ethically unacceptable. While 

retrospective designs can be well suited for rare outcomes such as intraoperative 

complications, the use of a register also challenges such investigations. Collection of 

data on reported unwanted outcomes introduces the risk of recall and misclassification 

bias as each individual surgeon has to decide whether or not a complication occurred 

and should be reported to the register. The results concerning complications should 

therefore be interpreted with caution and seen in relation to existing literature. In 

Paper III, we found that delay from admission to hip fracture surgery of more than 24 

hours was associated with more intraoperative medical complications. Another study 

found increased risk of postoperative respiratory complications and prolonged length 

of stay when hip fracture patients waited more than 24 hours for surgery (212). The 

frequency of bed sores and infections has been associated with delayed hip fracture 

surgery in other studies (49, 204, 213-215). Two studies have identified a strong 

correlation between delay to hip fracture surgery and incidence of DVT (193, 194). A 

prolonged preoperative interval will influence the total time to ambulation following a 

fracture. Slower functional recovery and increased morbidity have been found with 

late ambulation after hip fracture surgery (167-169).  
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6.2.3  Direct oral anticoagulants when the hip fracture occurs 

Norway has experienced a substantial growth in DOAC prescriptions of more than 

150% from 2014 to 2018, surpassing the much studied warfarin and challenging 

established perioperative treatment regimens (102). In Paper IV, the use of DOACs at 

the time of hip fracture was not found to influence surgical delay or length of stay 

compared to non-users. No differences in perioperative blood loss, transfusion rates or 

risk of bleeding complications between DOAC users and non-users were found. 

In 2016, a Norwegian study found that DOAC users waited on average more than 

twice as long for hip fracture surgery as non-users (44 vs. 21 hours) and also longer 

than warfarin users (25 hours) (216). Prolonged hospital delay for hip fracture patients 

taking DOACs has also been confirmed in international studies (217-220). The 

question is whether the use of DOACs before the hip fracture results in an 

unnecessarily long surgical delay for these frail patients (219-223). In contrast, DOAC 

users in our study did not wait significantly longer for surgery than non-users (29 vs. 

26 hours, respectively). The use of data from a single large trauma centre with 

increasing focus on prioritizing hip fracture treatment may explain this finding. Local 

practice and patient capacity may influence delay to surgery in other hospitals 

regardless of whether DOACs were used or not. Even with early surgical intervention, 

DOAC users did not seem to have more bleeding complications than non-users in 

Paper IV. Our findings are supported by several other retrospective studies where 

DOAC users have similar transfusion rates and blood loss following hip fracture 

surgery to non-users (219, 223). Mullins et al. studied hip fracture patients taking 

DOACs compared to matched controls with a median of only 19 hours from admission 

to surgery; they could not find any association between hospital delay and 

perioperative blood loss and transfusion rates for these DOAC users (221). Mortality 

remained unchanged for hip fracture patients irrespective of the use of DOACs prior to 

the fracture in our study. This is in accordance with other studies (218, 220, 221). To 

summarize, DOAC users should be prioritized for early surgical intervention as 

undesirable clinical outcomes such as bleeding and mortality seem to be unchanged.   
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In Norway, 80-90% of all hip fracture patients receive neuroaxial anaesthesia (63). In 

Paper IV, 3.8% of the hip fracture patients not taking DOACs were operated under 

general anaesthesia while 47% of DOAC users had general anaesthesia. DOAC users 

who received neuroaxial anaesthesia waited on average 13 hours longer for surgery 

than when general anaesthesia was used (35 vs. 22 hours). As discussed in Paper III, 

increasing delay to surgery may increase mortality and intraoperative complications. 

Thus, prolonged delay to surgery for hip fracture patients taking DOACs seems 

unfortunate. Surgery may be scheduled for delay due to the fear of neuroaxial 

bleeding. However, it is also likely that surgery for some DOAC users is delayed for 

other reasons, such as access to theatre and need for preoperative medical stabilization. 

Neuroaxial anaesthesia can then be administered with a safe time interval between 

DOAC administration and neuroaxial incision. Hip fracture patients taking DOACs 

also had a higher rate of comorbidity than non-users, which is strongly related to the 

approval of DOACs for prevention of recurrent VTE and non-valvular atrial 

fibrillation (126-128). As discussed in Paper III, a higher burden of comorbidity is 

associated with longer delay to hip fracture surgery. The rate of comorbidity can also 

influence the choice of anaesthesia and may have confounded our results. Regardless 

of the cause of prolonged delay for half of the DOAC users (those expected to receive 

neuroaxial anaesthesia), mortality remained unchanged within six months compared to 

non-users. However, DOAC users with neuroaxial anaesthesia tended to have longer 

hospital stays than those with general anaesthesia. The results remained insignificant, 

probably due to low power. Conversely, general anaesthesia has previously been 

associated with longer stays than neuroaxial anaesthesia (224), yet a meta-study of 

400,000 hip fracture patients revealed a clinically insignificant difference of only 0.3 

days (225). Financial incentives will favour treatment strategies that shorten hospital 

stays. There is a need for future studies of optimal anaesthesia for the growing pool of 

DOAC users, as hip fracture patients present with polypharmacy, altered medication 

distribution and reduced kidney function in addition to a need for semi-urgent surgery.  
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The primary aim in Paper IV was to determine whether hip fracture patients using 

DOACs prior to the fracture have delayed surgery compared to non-users. Therefore, 

we determined the inclusion of patients based on a power analysis related to the main 

outcome. However, we also assessed several secondary adverse outcomes following 

hip fracture surgery in our paper, potentially working with insufficient sample sizes 

and lack of power. The study size also prevented stratified analyses of different drugs 

in the DOAC group (dabigatran, apixaban, and rivaroxaban were present in our 

material). Due to these limitations, secondary outcomes in Paper IV must be 

interpreted with caution. To increase quality and reproducibility, the study was 

performed in a large trauma centre using medical records processed by one 

experienced researcher. We believe these findings from a university hospital are also 

representative of other Norwegian hospitals. However, our findings cannot be 

generalized to all hospitals nationally or internationally as local perioperative 

treatment strategies will influence outcomes. One example studied in Papers I-II is the 

initiation of perioperative thromboprophylaxis for hip fracture patients with diverging 

practice both nationally and internationally: bridging regimens from long-term 

anticoagulants to perioperative thromboprophylaxis can influence surgical and medical 

outcomes. To my knowledge, no studies have addressed optimal bridging of long-term 

and perioperative anticoagulants for hip fracture patients. 

In conclusion, the findings in Paper IV should be controlled in prospective trials. It is 

essential to know the safety outcomes of DOACs before and after hip fracture surgery 

as the marked of anticoagulants is rapidly changing.  
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7. Conclusions 

Paper I: 

- Postoperative start compared to preoperative start of LMWH was associated 

with increased mortality and risk of reoperation for femoral neck frature 

patients operated with hemiprosthesis. Both short- and long-term mortality 

increased.  

- The risk of intraoperative bleeding complications and reoperation due to 

haematoma did not change whether thromboprophylaxis was started before or 

after the hemiarthroplasty.  

Paper II: 

- Preoperative start compared to postoperative start of LMWH did not alter 

mortality or risk of reoperation for hip fracture patients operated with 

osteosynthesis.  

- More bleeding complications were reported with a preoperative start of LMWH 

for hip fracture patients operated with osteosynthesis, especially for patients 

treated with a sliding hip screw. 

Paper III: 

- Both total delay and hospital delay to surgery exceeding 48 hours increased 

short- and long-term mortality for hip fracture patients. All hospitals should 

strive to operate on hip fractures within 48 hours of the fracture, in line with 

several national guidelines. 

- More medical intraoperative complications were reported when hospital delay 

exceeded 24 hours, supporting early hip fracture surgery within 24 hours. 
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Paper IV: 

- Patients taking DOACs at the time of hip fracture did not have longer hospital 

delay or length of stay compared to non-users.  

- The use of DOACs did not influence intraoperative blood loss, transfusion 

rates, bleeding complications or mortality after hip fracture surgery  

- Hip fracture patients taking DOACs were ten times more likely to be operated 

under general anaesthesia than non-users and these patients had shorter hospital 

delay than DOAC users receiving neuroaxial anaesthesia.  
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8. Future research  

8.1 Timing and duration of thromboprophylaxis 

While several studies have investigated preoperative versus postoperative initiation of 

thromboprophylaxis in elective THAs and TKAs (177, 186-188), timing of 

thromboprophylaxis is sparsely studied in hip fracture patients. In contrast to elective 

arthroplasties, hip fracture patients need semi-urgent surgery in trauma departments 

with unpredictable schedules. In Papers I-II, we used a national register to compare 

preoperative versus postoperative start of LMWH. However, hip fracture patients are 

at risk of thromboembolic complications from the time of fracture, through surgery, 

and into the postoperative period of immobilization. Therefore, further studies are 

needed to investigate timing of thromboprophylaxis beyond the start of therapy. For 

example, LMWHs have half-lives of 3-4 hours (dalteparin) and 5-7 hours (enoxaparin) 

in non-uremic patients. LMWH administered 24 hours before surgery will generate 

therapeutic windows earlier than LMWH administered ten hours before surgery or six 

hours after surgery. Reduced kidney function in elderly hip fracture patients may also 

affect drug excretion. Further, duration of LMWH therapy after surgery can influence 

long-term outcomes. Norwegian guidelines strongly advise thromboprophylaxis for 

the first ten days after hip fracture surgery and suggest prolonged duration until 35 

days for all patients (143). To my knowledge, no studies have looked into the actual 

duration and effects of postoperative thromboprophylaxis for hip fracture patients in 

Norway. The effects of timing and duration of thromboprophylaxis should be explored 

in a prospective RCT or a prospective cohort study to supplement the observational 

findings from Papers I-II. Duration of LMWH treatment is not possible to surveillance 

from the surgeon´s perspective (reporting to NHFR) as it would require information 

from secondary nursing institutions and home care. As of today, the NHFR does not 

provide sufficient information on the exact time from LMWH administration to 

surgery.  
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8.2 Fast track algorithms for hip fracture treatment to reduce 

mortality and complications 

Several studies and guidelines now recommend hip fracture surgery within 24 or 48 

hours of admission to avoid unwanted outcomes, as discussed in Paper III. The next 

step is then to identify the effects of accelerated surgery. Fast track protocols for hip 

fracture patients have been suggested to reduce unwanted outcomes (204, 226, 227). 

Such algorithms could also reduce workloads in emergency departments. To date, 

there are few studies of the practice and effects of fast track hip fracture surgery. 

Protocols can also be difficult to compare as actions to accelerate treatment will vary. 

Some studies have found reduced prehospital delay (time from fracture to ward 

admission) with accelerated care (226, 228). While fast track can reduce delay to 

surgery (210, 229), others do not find reduced delay (226). Recently, the first large 

multicentre RCT from 17 countries and 69 hospitals allocated hip fracture patients into 

an accelerated-surgery group (median delay to surgery 6 hours) and a standard care 

group (median delay to surgery 24 hours) (210). Accelerated care did not change a 

composite of major complications. However, accelerated care did reduce the risk of 

stroke, urinary tract infections, delirium, and postoperative pain. Several fast track 

algorithms seem to reduce length of hospital stay, while mortality remains unchanged 

(210, 229). Hopefully, more prospective trials will investigate accelerated care by 

confirming or disproving current findings. Due to the high mortality and expensive 

treatment of hip fracture patients, there is much to be gained if such protocols improve 

patient outcomes and length of stays.  
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10. Appendices 

Appendix I: Operation form from the Norwegian Hip Fracture Register  
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Appendix II: Correspondence in Acta Orthopaedica: Letter from Dr. Ye and Dr. 

Huilin regarding Paper I  

 

Appendix III: Correction to Paper IV: Do direct oral anticoagulants (DOACs) cause 

delayed surgery, longer length of hospital stay, and poorer outcome for hip fracture 
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NASJONALT HOFTEBRUDDREGISTER
Nasjonalt Register for Leddproteser
Helse Bergen HF, Ortopedisk klinikk
Haukeland universitetssjukehus
Møllendalsbakken 7
5021 BERGEN
Tlf: 55976452

HOFTEBRUDD
PRIMÆRE OPERASJONER PÅ BRUDD I PROKSIMALE FEMURENDE og ALLE REOPERASJONER, inkludert 
lukket reponering av hemiproteser.  Ved primæroperasjon med totalprotese og ved reoperasjon til totalprotese brukes kun 
hofteproteseskjema.  Alle produktklistrelapper settes i merket felt på baksiden av skjemaet.  

F.nr. (11 sifre)..................................................................... 

Navn:.................................................................................. 

(Skriv tydelig ev. pasientklistrelapp – spesifiser sykehus.) 

Sykehus:............................................................................

AKTUELLE OPERASJON
�1 Primæroperasjon � 2 Reoperasjon

SIDE (ett kryss)  (Bilateral opr.= 2 skjema)
�1 Høyre �2 Venstre

OPR TIDSPUNKT (dd.mm.åå)  |__|__| |__|__| |__|__|  kl |__|__|

BRUDD TIDSPUNKT    (dd.mm.åå) |__|__| |__|__| |__|__|  kl |__|__| 
Dersom det er usikkerhet om bruddtidspunkt, fyll ut neste punkt.

TID FRA BRUDD TIL OPERASJON I TIMER 
�1 0-6     �2 >6-12     �3 >12-24     �4 >24-48    �5 >48

KOGNITIV SVIKT  
�0 Nei  �1 Ja (Se test på baksiden) �2 Usikker

ASA-KLASSE  (se bakside av skjema for definisjon)
�1 Frisk 
�2 Asymptomatisk tilstand som gir økt risiko
�3 Symptomatisk sykdom
�4 Livstruende sykdom
�5 Moribund

TYPE PRIMÆRBRUDD (ÅRSAK TIL PRIMÆROPERASJON) (Kun ett kryss)
Se baksiden for klassifikasjon
�1 Lårhalsbrudd udislokert (Garden 1 og 2)
�2 Lårhalsbrudd dislokert  (Garden 3 og 4)
�3 Lateralt lårhalsbrudd 
�4 Pertrokantært tofragment  (AO klassifikasjon A1) 
�5 Pertrokantært flerfragment (AO klassifikasjon A2)
�9 Intertrokantært (AO klassifikasjon A3)
�6 Subtrokantært
�7 Annet, spesifiser….………………………………………………………………

TYPE PRIMÆROPERASJON (Kun ett kryss)  
(Fylles ut bare ved primæroperasjon - eget skjema for totalproteser) 
(Fest produktklistrelapp på baksiden eller spesifiser nøyaktig produkt)
�1 To skruer eller pinner 
�2 Tre skruer eller pinner
�3 Bipolar hemiprotese
�4 Unipolar hemiprotese
�5 Glideskrue og plate
�6 Glideskrue og plate med trokantær støtteplate
�7 Vinkelplate
�8 Kort margnagle uten distal sperre
�9 Kort margnagle med distal sperre
�10 Lang margnagle uten distal sperre
�11 Lang margnagle med distal sperre
�12 Annet, spesifiser……….………………………………….….……….………...

Navn / størrelse og katalognummer……………..………………………………

ÅRSAK TIL REOPERASJON (Flere enn ett kryss kan brukes)
�1 Osteosyntesesvikt/havari
�2 Ikke tilhelet brudd (non-union/pseudartrose)
�3 Caputnekrose (segmentalt kollaps)
�4 Lokal smerte pga prominerende osteosyntesemateriale
�5 Brudd tilhelet med feilstilling
�6 Sårinfeksjon – overfladisk
�7 Sårinfeksjon – dyp
�8 Hematom
�9 Luksasjon av hemiprotese
�10 Osteosyntesematerialet skåret gjennom caput
�11 Nytt brudd rundt implantat
�12 Løsning av hemiprotese 
�13 Annet, spesifiser.………………………………………..……………………….

TYPE REOPERASJON (Flere enn ett kryss kan brukes)
(Fest produktklistrelapp på baksiden eller spesifiser nøyaktig produkt)
�1 Fjerning av implantat (Brukes når dette er eneste prosedyre)
�2 Girdlestone (= fjerning av implantat og caput)
�3 Bipolar hemiprotese
�4 Unipolar hemiprotese
�5 Re-osteosyntese 
�6 Debridement for infeksjon
�7 Lukket reposisjon av luksert hemiprotese
�8 Åpen reposisjon av luksert hemiprotese
�9 Annet, spesifiser…………………….………….………………………………………

Navn / størrelse og katalognummer……………………………………………….….

FIKSASJON AV HEMIPROTESE
(For totalprotese sendes eget skjema til hofteproteseregisteret)  
�1 Usementert   �1 med HA �2 uten HA
�2 Sement med antibiotika  Navn………………………………………………….….
�3 Sement uten antibiotika  Navn……………………………………………………..

PATOLOGISK BRUDD (Annen patologi enn osteoporose)
�0 Nei   �1 Ja, type.……….…………………….……………………………………...

TILGANG TIL HOFTELEDDET VED HEMIPROTESE (Kun ett kryss)
�1 Fremre (mellom sartorius og tensor)
�2 Anterolateral (mellom gluteus medius og tensor)
�3 Direkte lateral (transgluteal)
�4 Bakre (bak gluteus medius) 
�5 Annet, spesifiser……………………………………..…....……………………….....

ANESTESITYPE
�1 Narkose  �2 Spinal  �3 Annet, spesifiser………….……………………………...

PEROPERATIVE KOMPLIKASJONER  
�0 Nei �1 Ja, hvilke(n)...............................................................................………..

OPERASJONSTID (hud til hud).......................minutter.

ANTIBIOTIKAPROFYLAKSE   �0 Nei    �1 Ja

  Navn Dosering     Varighet i timer  
Medikament 1..............................................................................     …..……...timer
Medikament 2..............................................................................    .…….…...timer 

Medikament 3..............................................................................    .………....timer 

TROMBOSEPROFYLAKSE   
�0 Nei  �1 Ja: Første dose        �1 Preoperativt �2 Postoperativt  

Medikament 1 ........................ Dosering opr.dag…………………………………..

Dosering videre ……………… Varighet …… døgn

Medikament 2 ........................ Dosering ..........…………….… Varighet …… døgn

FAST TROMBOSEPROFYLAKSE 
�0 Nei  �1 Ja, type: ........................................................................................................

FIBRINOLYSEHEMMER
�0 Nei  �1 Ja, medikament : .......................................... Dosering ……………………..

OPERATØRERFARING 
Har en av operatørene mer enn 3 års erfaring i hoftebruddkirurgi? ·�0 Nei  �1 Ja

Lege.................................................................................................... 
Legen som har fylt ut skjemaet (navnet registreres ikke i databasen). 
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RETTLEDNING 

 

Registreringen gjelder alle operasjoner for hoftebrudd (lårhals, pertrokantære og subtrokantære) og alle reoperasjoner, også reposisjoner, på pasienter som 

er primæroperert og reoperert for hoftebrudd. Ved primæroperasjon med totalprotese og ved reoperasjon til totalprotese sendes bare skjema til 

hofteproteseregisteret. 

Ett skjema fylles ut for hver operasjon. Originalen sendes Haukeland universitetssjukehus og kopien lagres i pasientens journal.  Pasientens 

fødselsnummer (11 sifre) og sykehuset må være påført.  Aktuelle ruter markeres med kryss.  Pasienten skal på eget skjema gi samtykke til registrering i 

Nasjonalt hoftebruddregister.  

 

Kommentarer til enkelte punkt: 

OPERASJONS- OG BRUDDTIDSPUNKT 
Operasjonstidspunkt  (dato og klokkeslett) må føres opp på alle primæroperasjoner.  Det er også sterkt ønskelig at dato og klokkeslett for bruddtidspunkt 

føres opp.  Dette bl.a. for å se om tid til operasjon har effekt på prognose. (Hvis en ikke kjenner klokkeslettet for bruddtidspunkt lar en feltet stå åpent. En 

må da prøve å angi omtrentlig tidsrom fra brudd til operasjon på neste punkt). 

Ved reoperasjon er ikke klokkeslett nødvendig. 

 

KOGNITIV SVIKT 

Kognitiv svikt kan eventuelt testes ved å be pasienten tegne klokken når den er 10 over 11.  En pasient med kognitiv svikt vil ha problemer med denne 

oppgaven. 

 

ASA-KLASSE (ASA=American Society of Anesthesiologists) 

ASA-klasse 1: Friske pasienter som røyker mindre enn 5 sigaretter daglig.  

ASA-klasse 2: Pasienter med en asymptomatisk tilstand som behandles medikamentelt (f.eks hypertensjon) 

         eller med kost (f.eks diabetes mellitus type 2) og ellers friske pasienter som røyker 5 sigaretter eller mer daglig. 

ASA-klasse 3: Pasienter med en tilstand som kan gi symptomer, men som holdes under kontroll medikamentelt  

                        (f.eks moderat angina pectoris og mild astma). 

ASA-klasse 4: Pasienter med en tilstand som ikke er under kontroll (f.eks hjertesvikt og astma). 

ASA-klasse 5: Moribund/døende pasient 

 

GARDENS KLASSIFISERING AV LÅRHALSBRUDD  
Garden 1: Ikke komplett brudd av lårhalsen (såkalt innkilt) 

Garden 2: Komplett lårhalsbrudd uten dislokasjon 

Garden 3: Komplett lårhalsbrudd med delvis dislokasjon. Fragmentene er fortsatt i kontakt, men det er feilstilling av lårhalsens trabekler.  

                 Caputfragmentet ligger uanatomisk i acetabulum. 

Garden 4: Komplett lårhalsbrudd med full dislokasjon. Caputfragmentet er fritt og ligger korrekt i acetabulum slik at trabeklene er normalt orientert. 

 

AO KLASSIFIKASJON AV TROKANTÆRE BRUDD 

 

 

 

 

 

 

      

           

A1: Pertrokantært tofragment brudd     A2: Pertrokantært flerfragment brudd   A3: Intertrokantært brudd     Subtrokantært brudd* 

 

*Subtrokantært brudd: Bruddsentrum er mellom nedre kant av trokanter minor og 5 cm distalt for denne. 

 

REOPERASJONSÅRSAK 
Dyp infeksjon defineres som infeksjon som involverer fascie, protese, ledd eller periprotetisk vev. 

 

IMPLANTAT 

Implantattype må angis entydig.  Produktklistrelapp er ønskelig for å angi katalognummer for osteosyntesematerialet eller protesen som er brukt. 

 

PEROPERATIVE KOMPLIKASJONER 

Vi ønsker også å få meldt dødsfall på operasjonsbordet og peroperativ transfusjonstrengende blødning. 

 

SYSTEMISK ANTIB ANTIBIOTIKAPROFYLAKSE 

Her føres det på hvilket antibiotikum som er blitt benyttet i forbindelse med operasjonen. Det anføres dose, antall doser og profylaksens  

varighet. F.eks. Medkament 1: Keflin  2g x 4, med varighet 4,5 timer.  

 

TROMBOSEPROFYLAKSE 

Medikament, dose og antatt varighet av profylaksen skal angis separat for oprerasjonsdagen og senere. Det skal også oppgis om pasienten står fast på 

tromboseprofylakse (AlbylE, Marevan, Plavix ol). 

 

FIBRINOLYSEHEMMER  

Her føres det på om en benytter blødningsreduserende legemidler i forbindelse med operasjonen (f.eks. Cyklokapron). 

 

Kontaktpersoner vedrørende registreringsskjema er: 
Overlege Jan-Erik Gjertsen, Ortopedisk klinikk, Haukeland universitetssjukehus. Tlf. 55 97 56 86 (email: jan-erik.gjertsen@helse-bergen.no) 

Konsulent Nasjonalt Hoftebruddregister: Randi Furnes. Tlf. 55 97 37 42 (email: nrl@helse-bergen.no) 

Internett: http://nrlweb.ihelse.net/ 

 

PRODUKTKLISTRELAPPER: 
     

http://www.haukeland.no/nrl/
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Sir,—I read with interest the study by Leer-Salvesen et al. 
(2016) and I would like to compliment the authors for a thor-
ough study. It shows that preoperative start of thromboprophy-
laxis with low-molecular-weight heparin(LMWH) decreases 
6-month mortality in femoral neck fracture patients receiving 
hemiarthroplasty. In a clinical setting, LMWH is a common 
chemoprophylaxis for venous thromboembolism (VTE) pre-
vention. From the article, yet no VTE occurrence is stated. 
VTE is a major problem after hip fracture. Development of 
VTE is anticipated in the interval between the time of frac-
ture and surgery since hip fracture patients cannot move the 
injured extremity during this period, while patients undergo-
ing elective total joint arthroplasty are mobile. Preoperative 
VTE is known to occur in 3–62% of hip fracture patients (Sal-
zman and Harris 1976, Zahn et al. 1999, Song et al. 2016).Yet 
no preoperative VTE is documented at the time of admission 
in the study. VTE is also a signifi cant risk factor for mortal-
ity. The mortality risks for patients with VTE were markedly 
higher during the fi rst year, especially within the fi rst 30 days 
after VTE diagnosis (Søgaard et al. 2014). Still, no association 
analysis was made between VTE and mortality in the study. 
Failure to bring VTE into the equation makes the association 
between thromboprophylaxis strategy and mortality hard to 
interpret in clinical practice. I would appreciate the authors’ 
thoughts on this.

Yang Huilin and Sun Ye *

Department of Orthopedics, The First Affi liated Hospital 
of Soochow University, 188, shi zi Road, and Orthopedic 
Institute, Soochow University, 708, ren min Road, Suzhou, 
215006, China.
Email: * sunye881005@163.com

Sir,—We thank dr Yang Huilin and dr Sun Ye for the com-
ments on our recently published article. 

The aim of our study was to investigate the effect of pre-
operative and postoperative low-molecular-weight heparin 
on hard clinical outcomes in emergency hip fracture patients 
undergoing surgical treatment with prosthetic implants. 

The rationale was based on the following: A tissue trauma 
and in particular bone trauma (including impaction of cement) 
causes release of potentially toxic molecules that trigger sys-
temic activation of coagulation. This may cause clot formation 
at cites of loci minor resistentia both on the venous and arterial 
side and organ damage. Frail elderly operated for hip frac-
tures may experience a multitude of complications triggered 
by cell destroying molecules and thrombin activity like respi-
ratory distress, heart and brain ischaemia, hepatic and renal 
dysfunction and local limb thrombosis at the site of trauma as 
reviewed by an international expert group (Dahl et al. 2015). 
Thus, by controlling thrombin we have reason to believe that 
mortality can be reduced beyond solely preventing non-fatal 
and fatal venous thromboembolism (Dahl et al. 2005).

Based on this awareness we conducted the reported clinical 
study that showed that LMWH administered before surgery 
was superior to postoperative initiation in frail elderly under-
going hip fracture treatment with prostheses (Leer-Salvesen 
et al. 2016). Mortality and reoperations were signifi cantly 
reduced with preoperative LMWH administration already on 
day 7 and continued to be consistent 1 and 6 months after 
surgery.  

Concerning your statement on venous thrombosis we have 
the following remarks. Radiological VTE screening has 
mainly been conducted with venography and even recently 
ultrasonography. The methods have technical limitations (sen-
sitivity, specifi city, interobserver variations, drop outs etc.) 
and aim to diagnose subclinical thromboses. These challenges 
and defi nite diagnostic criteria do explain the huge differences 
found in the referred articles suggesting a preoperative VTE 
rate of 3–62% (Salzman and Harris 1976, Zahn et al. 1999, 
Song et al. 2016). 

We expected patients with a long preoperative waiting time 
to be at a higher risk of severe outcomes. Interestingly, this 
huge cohort did not reveal any independent effect of preopera-
tive delay on the risk of postoperative death or reoperation. 
Accordingly, the length of time between fracture and opera-
tion did not impact the advantageous effect of a preoperative 
start of the prophylaxis. 
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The latest American College of Chest Physicians (ACCP) 
guideline committee requested studies with clinical outcomes 
and not surrogate endpoints (Falck-Ytter et al. 2012). Our 
study responded on this demand.
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Do direct oral anticoagulants (DOACs) cause delayed surgery, longer 
length of hospital stay, and poorer outcome for hip fracture patients?
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Key summary points
Aim The aim of this study was to determine whether DOAC-users with a hip fracture have delayed surgery, longer length 
of hospital stay or altered risk of bleeding complications compared to non-users.
Findings DOAC-users with a hip fracture did not have increased surgical delay, length of stay or risk of reported bleeding 
complications compared to patients without anticoagulation prior to surgery.
Message Our study does not support delayed surgery for DOAC-users suffering a hip fracture.

Abstract
Purpose The perioperative consequences of direct oral anticoagulants (DOACs) in hip fracture patients are not sufficiently 
investigated. The primary aim of this study was to determine whether DOAC-users have delayed surgery compared to non-
users. Secondarily, we studied whether length of hospital stay, mortality, reoperations and bleeding complications were 
influenced by the use of DOAC.
Methods The medical records of 314 patients operated for a hip fracture between 2016 and 2017 in a single trauma center 
were assessed. Patients aged < 60 and patients using other forms of anticoagulation than DOACs were excluded. Patients 
were followed from admission to 6 months postoperatively. Surgical delay was defined as time from admission to surgery. 
Secondary outcomes included length of hospital stay, transfusion rates, perioperative bleeding loss, postoperative wound 
ooze, mortality and risk of reoperation. The use of general versus neuraxial anaesthesia was registered. Continuous outcomes 
were analysed using Students t test, while categorical outcomes were expressed by Odds ratios.
Results 47 hip fracture patients (15%) were using DOACs. No difference in surgical delay (29 vs 26 h, p = 0.26) or length of 
hospital stay (6.6 vs 6.1 days, p = 0.34) were found between DOAC-users and non-users. DOAC-users operated with neuraxial 
anaesthesia had longer surgical delay compared to DOAC-users operated with general anaesthesia (35 h vs 22 h, p < 0.001). 
Perioperative blood loss, transfusion rate, risk of bleeding complications and mortality were similar between groups.
Conclusion Hip fracture patients using DOAC did not have increased surgical delay, length of stay or risk of reported bleed-
ing complications than patients without anticoagulation prior to surgery. The increased surgical delay found for DOAC-users 
operated with neuraxial anaesthesia should be interpreted with caution.

Keywords Hip fracture · Orthogeriatrics · Surgical delay · Anaesthesia · Direct oral anticoagulants (DOAC) · New oral 
anticoagulants (NOAC)
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Introduction

The use of direct oral anticoagulants (DOACs) have emerged 
based on randomized clinical trials, active marketing and 
less demands concerning monitoring compared to warfa-
rin. From 2014 to 2018, the prevalence of DOAC-users 
increased with 150% in Norway and the drugs as a group 
have surpassed warfarin [1]. Increasing use of DOACs has 
also been observed in Germany, Belgium and The Nether-
lands [2]. Suffering a hip fracture results in an evident excess 
mortality [3], and knowledge on how to reduce complica-
tions is, therefore, important. Reduced kidney function, co-
medication, drug interaction and altered distribution may 
affect the clinical outcome in hip fracture patients using such 
anticoagulant compounds [4].

Systemic thromboembolic events are important causes 
of mortality [5, 6]. On the other hand, DOACs may accen-
tuate bleeding triggered by trauma and surgery. Whether 
DOACs should be temporarily paused to avoid surgical and 
anaesthesiological complications and, if so, when it should 
be paused remains to be established. Anticoagulation has in 
several studies been identified as a risk factor for delayed 
hip fracture surgery [7–10]. Most guidelines advocate that 
hip fracture surgery should be performed within 48 h after 
admission, preferably within 24 h, to reduce the rate of 
medical complications and mortality [11–13]. Earlier stud-
ies have indicated that patients exposed for DOAC before 
the hip fracture wait longer for surgery than recommended in 
treatment guidelines [14–16]. The consequences of DOAC 
on semi-urgent surgery such as for hip fracture patients has 
not been thoroughly investigated.

Currently, there is need for guidelines on how to han-
dle DOACs in the treatment of hip fracture patients. The 
primary aim of this study was to determine whether hip 
fracture patients using DOACs prior to the fracture have 
delayed surgery or longer length of hospital stay compared 
to non-DOAC-users. Secondarily, we wanted to investigate 
whether mortality and perioperative complications occur 
more frequently among hip fracture patients using DOAC.

Methods

Study design

This is a retrospective descriptive study of hip fracture 
patients operated at one Norwegian single trauma center 
December 2016–December 2017. We extracted 360 patients 
electronically from the hospital database using ICD-10 diag-
nosis codes S72.0–S72.2. Demographic data and surgical 
outcomes for the included patients were retrieved directly 

from patient records by one experienced researcher (SLS). 
Patient records at the hospital consisted of day-to-day doc-
umentation by the anaesthetists and orthopaedic surgeons 
and medical records logged by physicians and nurses. The 
Regional Ethics Committee (REK) classified the study as 
quality assurance, thus we did not need ethical assessment 
(case number 1366/REK). The hospital data protection 
officer approved the study.

Patients

Patients with acute intracapsular or extracapsular hip frac-
tures undergoing any type of surgery were included in the 
study. We aimed to compare hip fracture patients using 
DOAC at time of fracture with patients without antico-
agulation at time of fracture. Patients under the age of 60 
(n = 23) and patients using other forms of anticoagulation 
than DOACs (n = 23) were excluded, resulting in a study 
population of 314 patients.

Outcomes

We stratified the patients according to the American Society 
of Anesthesiologists (ASA) classes 1–2 and 3–5 to compare 
comorbidity between the studied groups. When comparing 
the rate of cognitive impairment reported between the study 
groups, patients with unknown preoperative cognitive sta-
tus were excluded (n = 20). Time from admission to surgery 
(surgical delay) was reported in hours and length of stay 
(LOS) in days. In-hospital mortality and both mortality and 
readmissions within 30 days and within 6 months of opera-
tion were registered. Blood transfusion rates and transfusion 
amounts (allogenic red blood cells infused in standardized 
units) were collected from the medical records signed by the 
responsible physicians. In-hospital guidelines recommended 
blood transfusion therapy to be administered for patients 
with a haemoglobin below 9 g/dL monitored at the wards. 
The concentration of haemoglobin was listed at admission 
and the morning after surgery and the difference was calcu-
lated (change in haemoglobin concentration). Intraoperative 
blood loss estimated by the surgical team was registered 
from the anaesthesia journal in milliliters (mL). Postopera-
tive bleeding and wound complications were recorded if the 
intraoperative or postoperative journals by the physicians 
reported so. Wound ooze was defined as clinically identi-
fied ooze with or without bleeding described by the doctors 
postoperatively. The type of anaesthesia was registered as 
general anaesthesia (total intravenous anaesthesia (TIVA) 
or inhalational anaesthesia) or neuraxial anaesthesia (spinal 
anaesthesia). We compared surgical delay and LOS within 
the groups receiving neuraxial versus general anaesthesia.
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Statistical analysis

Our main outcome, surgical delay, was used to calculate 
the number of patients needed to achieve statistical signifi-
cance between the groups. Based on guidelines from the 
Norwegian Knowledge Center hip fracture patients should 
preferable be operated within 24 h and no later than 48 h 
after admission [12]. Standard deviation was calculated from 
hip fracture patients with a surgical delay of less than 96 h 
reported to the Norwegian Hip Fracture Register and found 
to be 15.1 h. Based on alpha of 0.05 and beta of 0.9, 28 
patients were needed in each group. Since 9.4% of Norwe-
gian patients > 60 years were using DOAC in 2017 (Norwe-
gian Institute of Public Health 2019), the total sample size 
was calculated to be 300. To account for exclusion criteria’s 
and missing information, we increased the sample size with 
20%.

We performed univariate exploration of study vari-
ables; for continuous data, the assumption of homogene-
ity of variance between groups was assessed using the 
Levene’s test. Where the assumption holds a Students t 
test was used, otherwise the Welch’s t test was applied. 
Odds ratios (ORs) were used to express categorical out-
comes and patients without DOAC were used as a ref-
erence group. IBM SPSS Statistics (version 24.0; IBM 
Corp. Armonk, New York) for Windows was used for the 
statistical analyses.

Results

Of the 314 included patients, 47 patients (15%) were DOAC-
users before the hip fracture and 267 patients (85%) were 
not using anticoagulation before the fracture (Table 1). Hip 

fracture patients using DOAC were more likely to have a 
high ASA class (ASA 3–5) compared to non-users.

Time to surgery and hospital stay

DOAC-users and non-anticoagulated patients had similar 
time interval from admission to surgery (29 vs 26 h, p = 0.26, 
respectively) and similar length of hospital stay (LOS) (6.6 
vs 6.1 days, p = 0.34, respectively) (Table 2).

Complications

The mean blood loss during surgery for all patients (n = 314) 
was 219 mL. Mean blood loss, fall in haemoglobin and 
transfusion rates were comparable in both groups (Table 2).

Bleeding complications were reported in three patients 
(0.9% of all patients); two patients had an excessive bleeding 
during surgery, while a third patient developed a postopera-
tive haematoma restricted to the operation site. No bleeding 
complications were reported among the DOAC-users.

Wound oozing with or without bleeding were described in 
27 patients (8.6%) and more frequently among DOAC-users 
than patients without anticoagulation (26% vs 5.6%, respec-
tively) (Table 2). Among all patients (n = 314), postoperative 
wound leakage was associated with a longer hospital stay 
than for patients without wound exudation (LOS 9 vs 6 days, 
respectively, p < 0.001).

The 30-day mortality for all patients (n = 314) was 12%. 
DOAC-users had corresponding mortality in the hospital, 
within 30 days and within 6 month compared to non-users 
(Table 2). Furthermore, 30-day and 6-month risk of read-
mission were similar between DOAC-users and non-users 
[30 days: 26% vs 17%, respectively, OR 1.65 (0.80–3.41)] 
[6 months: 36% vs 26%, OR 1.63 (0.85–3.13)].

Table 1  Baseline data for the 
included hip fracture patients in 
our study (n = 337)

a Pearson Chi Square test has been used to compare patients in each anticoagulant group with either ASA 
classes 1–2 or class 3–5. When comparing the rate of cognitive impairment reported between the study 
groups, patients with unknown preoperative cognitive status were excluded (n = 20)

Antithrombotic medication

Total No anticoagulants DOAC p value

Total n (%) 314 (100) 267 (85) 47 (15)
Mean age (SD) 82.1 (9.2) 81.8 (9.5) 84.2 (7.4) 0.05
Women (%) 221 (70) 190 (71) 31 (66) 0.47
Cognitive impairment (%) 108 (34) 93 (34.8) 15 (31.9) 0.61
ASA class (%) 0.003a

 ASA 1 8 (2.5) 8 (3.0) 0 (0.0)
 ASA 2 120 (39) 110 (42) 10 (21)
 ASA 3 158 (51) 128 (48) 30 (64)
 ASA 4 27 (8.0) 20 (7.5) 7 (15)
 ASA 5 1 (0.3) 1 (0.4) 0 (0.0)
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Antiaggregants

Among the DOAC-users, two hip fracture patients were also 
using clopidogrel (4.3%) while the remaining 45 patients 
where not using antiaggregant therapy (95.7%).

In the non-anticoagulated group, 92 patients (34.5%) were 
using 1 antiplatelet drug while ten patients (3.7%) were using 
two antiplatelet drugs. Time to surgery, perioperative blood 
loss, transfusion rate, risk of bleeding complications and 
mortality were similar between non-anticoagulated patients 
and DOAC-patients both when including and excluding 
patients with clopidogrel in addition to DOAC.

Anaesthesia

General anaesthesia was administered to 32 (10%) of all 
patients. When comparing general to neuraxial anaesthesia, 
no differences in time from admission to surgery (surgical 
delay) or LOS was found. A significantly higher percentage 
of DOAC-users received general anaesthesia than non-users 
[22 patients (47%) vs 10 (3.8%), p < 0.001]. The DOAC-users 
that received neuraxial anaesthesia (n = 25) had significantly 
longer surgical delay compared to those who received general 
anaesthesia (35 h vs 22 h, p < 0.001). DOAC-users treated 
with neuraxial anaesthesia trended toward a longer LOS, yet 
the results were not significant (7.1 vs 6.1 days, p = 0.1).

Discussion

In this single-centre retrospective descriptive study inves-
tigating hip fracture patients, the use of DOACs at the time 
of fracture was not found to influence surgical delay or 
length of stay compared to non-users. Furthermore, no dif-
ferences in perioperative blood loss, transfusion rates or 
risk of bleeding complications between DOAC-users and 
non-users were disclosed. Hip fracture surgery was more 
frequently performed in general anaesthesia in DOAC-
users, and the use of neuraxial anaesthesia for DOAC-users 
was associated with a longer surgical delay. This should 
be seen in relation to primary findings of no difference in 
surgical delay and length of stay between the compared 
groups. The high rate of cognitive impairment reported 
in this study was in line with a previous Norwegian study 
where 38% of home-dwelling hip fracture patients had cog-
nitive impairment [17].

Studies investigating hip fracture treatment and the use 
of anticoagulants have so far reported conflicting results. 
While increased risk of complications was detected in one 
study [18], other studies discovered no such effect [19, 20]. 
These diverse findings could be explained by different perio-
perative administration of anticoagulant drugs. Due to a lack 
of international established guidelines, patients tend to be 
treated according to local routines in each hospital.

Table 2  Surgical delay, length of hospital stay, type of anaesthesia, perioperative complications and mortality reported among hip fracture with 
DOAC or no anticoagulation prior to the fracture (n = 314)

Bold values indicate more frequent use of general anaesthesia and higher risk of wound ooze in DOAC-users compared to non-users

Antithrombotic medication

Hospital stay Total No anticoagulants DOAC p value

Hours from admission to surgery (SD) 26.5 (18.2) 26.1 (19.0) 28.9 (12.9) 0.26
LOS (SD) 6.2 (2.9) 6.1 (2.9) 6.6 (2.2) 0.34
General anaesthesia (%) 32 (10%) 10 (3.8%) 22 (47%) 0.001

Perioperative complications p value

Mean blood loss during surgery (SD) 219 mL (208) 218 mL (209) 223 mL (204) 0.9
Mean fall in haemoglobin (SD) 1.90 (1.30) 1.89 (1.25) 1.95 (1.63) 0.8
Mean SAG transfused per patient (SD) 0.81 (1.16) 0.80 (1.17) 0.85 (1.10) 0.8

OR (95% CI)

Number of patients transfused (%) 134 (43%) 113 (42%) 21 (45%) 1.10 (0.59–2.01)
Reported wound ooze (%) 27 (8.6%) 15 (5.6%) 12 (26%) 5.8 (2.49–13.3)

Mortality OR (95% CI)

In-hospital mortality 11 (3.5%) 9 (3.4%) 2 (4.3%) 1.27 (0.27–6.09)
30-day mortality 39 (12.4%) 34 (12.7%) 5 (10.6%) 1.23 (0.45–3.31)
6-month mortality 70 (22.3%) 59 (22.1%) 11 (23.4%) 0.93 (0.45–1.94)
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DOACs are approved for prevention of thromboembolism 
from non-valvular atrial fibrillation and to treat or prevent 
recurring deep vein thrombosis and pulmonary embolism 
[21–23]. These indications may explain why a higher burden 
of comorbidity was found among hip fracture patients using 
a DOAC compared to non-users in our study. Despite this 
increased comorbidity, we were not able to find increased 
risk of perioperative blood loss, transfusion rates, bleeding 
complications or mortality for the DOAC-users compared to 
the less comorbid non-users. Our findings are in contrast to 
another study reporting a higher one-year mortality among 
hip fracture patients using DOAC compared to non-users 
[24]. However, the excess mortality may be explained by 
higher age, more comorbidity and longer surgical delay than 
in our patients.

Earlier hip fracture surgery has been associated with 
reduced LOS and reduced frequency of immobilization-
related complications [25–28], and large resources have been 
applied to promote earlier surgical interventions [29]. Sev-
eral studies have found increased surgical delay for DOAC-
users [16, 18, 24], and the authors question whether the use 
of DOAC before the hip fracture results in unnecessary long 
surgical delay [14, 24, 30–32]. In contrast, our DOAC-using 
patients did not wait significantly longer for surgery than the 
non-users. Another study investigated hip fracture patients 
using DOACs compared to matched controls with a median 
of only 19 h from admission to surgery [30]; no association 
between surgical delay and perioperative fall in haemoglo-
bin, transfusion rate or reoperation for DOAC-users was 
found. As our study did not find increased bleeding—and 
transfusion—complications among patients using DOAC, 
early surgical interventions appear safe.

The prevalence and risk factors for surgical site infections 
is sparsely studied in the geriatric hip fracture population 
even though high age has been identified as a potential risk 
factor for such infections [33]. Our study revealed wound 
oozing five times more frequently among DOAC-users than 
patients without anticoagulation. Still, none of these patients 
underwent a reoperation due to wound ooze. We need to 
acknowledge that reoperation due to wound ooze is a late 
solution to persisting oozing. One earlier study has investi-
gated DOAC-users’ risk of reoperation due to wound ooze 
and found no relation to surgical delay [30]. On the other 
hand, when studying hip fracture patients not accounting for 
chronic anticoagulation, surgical delay has been found to be 
a risk factor for wound infections [28, 33]. The association 
between wound ooze and longer LOS found in our study 
might have implications for health costs and patient treat-
ment following a hip fracture.

In Norway, 80–90% of hip fracture patients are given 
neuraxial anaesthesia [34], correlating well to the preva-
lence found in our hospital (90%). There is no international 

consensus on neuraxial versus general anaesthesia for hip 
fracture patients [35]. General anaesthesia has earlier been 
associated with a longer LOS compared to neuraxial anaes-
thesia [36], yet a meta-study of 400,000 hip fracture patients 
revealed a clinically insignificant difference of only 0.3 days 
[37]. The increasing use of DOACs challenge current clini-
cal practice because the potential ramifications of neuraxial 
anaesthesia in the anticoagulated patient [38]. European 
guidelines recommend that DOACs should be discontinued 
before surgery in line with their pharmacokinetic proper-
ties [39–42]. Potential neuraxial bleeding can be avoided by 
giving the hip fracture patients general anaesthesia, possibly 
explaining why general anaesthesia was used ten times more 
frequently in patients using DOAC at the time of fracture 
compared to non-users in our study. One explanation to this 
finding could be that some DOAC-users were scheduled for 
delayed surgery to be operated with neuraxial anaesthesia. 
Another likely explanation is that for these DOAC-users, 
the chosen modality ended up being neuraxial anaesthesia, 
because their surgery already had been delayed for other 
reasons, in example access to theatre and preoperative medi-
cal stabilization.

Strengths and limitations

We studied patients treated at a large trauma hospital using 
patient records processed by one researcher, thereby increas-
ing the quality and reproducibility of our work. We cannot 
generalize our findings to other hospitals or countries with 
other treatment algorithms. However, we believe that our 
university hospital is representable also for hip fracture treat-
ment in other Norwegian hospitals. Similar surgical delay 
between DOAC-users and non-users further support com-
parable preoperative management of all the studied patients.

The sample size was calculated based on our main out-
come surgical delay using data from the Norwegian Hip 
Fracture Register [13]. However, we assessed several other 
outcomes as well in our study, thereby potentially working 
with insufficient sample sizes and lack of power. Unfortu-
nately, the size of our study prevented stratified analyses 
of the different types of DOAC. The retrospective study 
design allowed us to report associations between DOAC 
and perioperative outcomes, yet causality cannot be proven. 
For example, we cannot exclude the risk of confounding 
by comorbidity when it comes to the choice of anaesthesia 
and surgical delay. Due to the abovementioned weaknesses 
of our study, we request future prospective clinical trials 
targeting hip fracture patients exposed for DOACs and the 
consequences of fast track surgery versus surgery timed after 
drug excretion. Further, we acknowledge a need for further 
studies structurally targeting wound assessment and wound 
ooze for DOAC-users suffering a hip fracture.
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Conclusion

In our cohort of 314 hip fracture patients DOAC-users did 
not have increased surgical delay, LOS or risk of reported 
bleeding complications compared to patients without anti-
coagulation prior to surgery. Our study does not support 
delayed surgery for DOAC-users. The increased surgical 
delay found for DOAC-users operated with neuraxial anaes-
thesia compared to general anaesthesia should be interpreted 
with caution.
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Background and purpose — Controversies exist regarding throm-
boprophylaxis in orthopedic surgery. Using data in the nation-
wide Norwegian Hip Fracture Register (NHFR) with postopera-
tive death and reoperation in the fi rst 6 months after surgery as 
endpoints in the analyses, we determined whether the thrombo-
prophylaxis in patients who undergo hemiarthroplasty for femo-
ral neck fracture should start preoperatively or postoperatively. 

Patients and methods — After each operation for hip fracture 
in Norway, the surgeon reports information on the patient, the 
fracture, and the operation to the NHFR. Cox regression analy-
ses were performed with adjustments for age, ASA score, gender, 
type of implant, length of surgery, and year of surgery.

Results — During the period 2005–2014, 25,019 hemiarthro-
plasties as treatment for femoral neck fractures were reported 
to the registry. Antithrombotic medication was given to 99% of 
the patients. Low-molecular-weight heparin predominated with 
dalteparin in 57% of the operations and enoxaparin in 41%. Only 
operations with these 2 drugs and with known information on pre-
operative or postoperative start of the prophylaxis were included 
in the analyses (n = 20,241). Compared to preoperative start of 
thromboprophylaxis, postoperative start of thromboprophylaxis 
gave a higher risk of death (risk ratio (RR) = 1.13, 95% CI: 1.06–
1.21; p < 0.001) and a higher risk of reoperation for any reason 
(RR = 1.19, 95% CI: 1.01–1.40; p = 0.04), whereas we found no 
effect on reported intraoperative bleeding complication or on the 
risk of postoperative reoperation due to hematoma. The results 
did not depend on whether the initial dose of prophylaxis was the 
full dosage or half of the standard dosage. 

Interpretation — Postoperative start of thromboprophylaxis 
increased the mortality and risk of reoperation compared to pre-

operative start in femoral neck fracture patients operated with 
hemiprosthesis. The risks of bleeding and of reoperation due to 
hematoma were similar in patients who received low-molecular-
weight heparin preoperatively and in those who received it post-
operatively.

■

Elderly patients with hip fractures are a frail group with a high 
risk of peroperative complications. Vascular events caused by 
thrombosis are common, and the use of chemical thrombopro-
phylaxis is therefore a well-established routine in the treatment 
of these fractures. However, the risk of perioperative bleeding 
is also a major concern for the surgeon. Peroperative bleeding 
increases both the time of surgery and the postoperative risk 
of reoperation (Vera-Llonch et al. 2006). We must therefore 
balance the competing risks of thrombotic and hemorrhagic 
complications to avoid unwanted outcomes. 

Whether the prophylaxis should start preoperatively or 
postoperatively is still controversial (Borgen et al. 2013). In 
Europe, the use of low-molecular-weight heparin (LMWH) in 
orthopedics has traditionally started before surgery (Ettema et 
al. 2009), while in North America a higher dose initiated sev-
eral hours after surgery has been common (Gomez-Outes et 
al. 2012, Lassen et al. 2012). A possible way to answer this 
central issue is by using data from an established registry. By 
using data in the nationwide Norwegian Hip Fracture Register 
(NHFR) (Gjertsen et al. 2008), we compared the relative effects 
of preoperative start and postoperative start of thromboprophy-
laxis, concentrating on mortality and risk of reoperation. 
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Patients and methods

The NHFR started registration of primary operations 
and reoperations for all hip fractures in Norway in 2005. 
Immediately after each operation, the surgeon fi lls in a 
1-page paper form. The form includes information on age, 
sex, cognitive function, type of fracture (with femoral neck 
fractures being classifi ed as Garden 1–2 or 3–4), and ASA 
class (Garden 1961). The form also provides information 
on the chemical thromboprophylaxis given during treatment 
(whether or not it was used, which drug, dosage, and whether 
the fi rst dose was given preoperatively or postoperatively). 
The choice of implants and the surgical technique were left 
to the discretion of the surgeons at the reporting orthopedic 
units. Information regarding deceased patients was obtained 
from Statistics Norway. Compared to the Norwegian Patient 
Registry, the completeness of primary operations in the NHFR 
has been found to be 94% for hemiarthroplasties (Havelin et 
al. 2014).

The inclusion and exclusion of patients are summarized in 
Figure 1. In the period 2005–2014, 79,776 primary opera-
tions for hip fractures were reported to the registry. Femoral 
neck fractures treated with hemiprosthesis with known start 
of thromboprophylaxis constituted 20,979 (26.3%) of these 
operations. In 139 of the operations (0.5%) no thrombopro-
phylaxis was used, and in 66 operations (0.3%) no informa-
tion on prophylaxis was reported. 12 different types of drugs 
for prophylaxis were given. Low-molecular-weight heparin 
(LMWH) predominated entirely, with dalteparin (Fragmin; 
Pfi zer) being used in 57% (14,538 operations) and enoxaparin 
(Klexane; Sanofi -Aventis) being used in 41% (10,498 opera-
tions). In order to obtain an adequately homogenous material 

for further analysis, only operations with these 2 drugs were 
included. Furthermore, operations with no information on 
whether the fi rst dose of the prophylaxis was given preopera-
tively or postoperatively were excluded (n = 4,284). 

Bipolar hemiprostheses constituted 98.8% of the hemiar-
throplasties. Operations with unipolar hemiprostheses (236 
operations, 1.2%) were therefore excluded to generate a study 
material that was a fair representation of the modern treatment 
of hip fractures in Norwegian orthopedic departments. 

As a result, 20,241 operations remained for further analysis, 
with dalteparin being used in 59% (11,866 operations) and 
enoxaparin in 41% (8,375 operations). Prophylaxis was given 
preoperatively in 52% (10,567 operations) and postopera-
tively in 48% (9,674 operations) (Figure 1). 

A reoperation was defi ned as any secondary surgery follow-
ing the primary hemiarthroplasty, including closed reduction 
of a dislocated prosthesis and soft tissue debridement without 
exchange or removal of prosthesis components. 

Standard doses of LMWH, as recommended by the Brit-
ish National Formulary, were defi ned as 5,000 IU daltepa-
rin or 40 mg enoxaparin. Consequently, half-standard doses 
were defi ned as 2,500 IU dalteparin and 20 mg enoxaparin 
(Heidari et al. 2012). To compare the infl uence of the amount 
of LMWH given as the initial dose, stratifi ed analyses were 
performed to compare full dosage and half of standard dosage 
at preoperative start of the prophylaxis. 

As a preoperative start of the thromboprophylaxis could be 
considered to be more important for those with a rather long 
preoperative waiting time, separate stratifi ed analyses were 
performed regarding preoperative waiting time, either with 
the preoperative waiting time dichotomized (< 24 hours and 
≥ 24 hours) or divided into 5 intervals (≤ 6 hours, > 6 and 
≤12 hours, > 12 and ≤ 24 hours, > 24 and ≤ 48 hours, and > 
48 hours). 

Statistics 
Survival analyses were performed using the Kaplan-Meier 
and Cox regression methods. Patients who died or emigrated 
during follow-up were identifi ed from fi les provided by 
Statistics Norway, and the follow-up time for prostheses in 
these patients was censored at the date of death or emigration. 
Only the fi rst 6 postoperative months were included in the 
analyses, as this period was considered most relevant in the 
present investigation 

The Cox multiple regression model was used to compare 
the relative risk of postoperative death and revision (failure-
rate ratios) in patients where the thromboprophylaxis started 
preoperatively compared to postoperatively, with adjust-
ments for possible infl uences of sex, age of the patient at 
surgery, ASA classifi cation, type of fi xation (uncemented, 
cemented with antibiotic-loaded cement, or cemented with-
out antibiotic-loaded cement), and year of surgery. We did 
not adjust for patients who were operated on both sides, 
since it has previously been shown that this will not alter the 

Patients with hip fracture
n = 79,776 

Patients with femoral neck 
fractures who received hemiprotheses

with known start of prophylaxis
n = 20,979

Excluded (n = 738):
– no drug prophylaxis, 139
– no information on prophylaxis, 66
– no LMWH prophylaxis, 297
– unipolar hemiprosthesis, 236

Patients who received
dalteparin or enoxaparin

n = 20,241

Preoperative start
n = 10,567 (52.2%)

Enoxaparin (n = 4,325)
Dalteparin (n = 6,242)

Postoperative start
n = 9,674 (47.8%)

Enoxaparin (n = 4,050)
Dalteparin (n = 5,624)

Figure 1. Flow chart for patients included in the study.
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conclusion for the covariates entered (Lie et al. 2004). We 
performed stratifi ed analyses for ASA classes (1–2 or 3–5), 
type of femoral stem fi xation (cemented or uncemented), and 
preoperative dosage of LMWH (full dosage or half-standard 
dosage).

Assessments of proportionality in the Cox models were 
performed using log-minus-log plots of the adjusted survival 
curves, and the proportionality assumptions were fulfi lled. 
For the statistical analyses, we used IBM SPSS Statistics ver-
sion 22.0 and the statistical package R version 3.0.2 (http://
www.R-project.org). Any p-values less than 0.05 were consid-
ered statistically signifi cant.

Results

Baseline information regarding the patients is given in Table 
1. During the study period (2005–2014), postoperative start of 
thromboprophylaxis became more common (Figure 2).

Risk of death and reoperation (Figure 3)
Patients with femoral neck fractures treated with bipolar 
hemiprostheses (n = 20,241) had a higher risk of death (RR = 
1.13, 95% CI: 1.06–1.21; p < 0.001) with a postoperative start 
of prophylaxis than with a preoperative start. A postoperative 
start also resulted in an increased risk of reoperation for any 
reason (RR = 1.19, 95% CI: 1.01–1.40; p = 0.04) compared to 
a preoperative start (Table 2). 

When we analyzed the risk of reoperation due to infection, 
no statistically signifi cant effect of the timing of the start of 
prophylaxis could be detected (RR = 1.25, 95% CI: 0.99–1.57; 
p = 0.06). 

Similar analyses on mortality and risk of reoperation within 
7 days postoperatively, within 30 days postoperatively, and 
within 180 days (6 months) postoperatively were performed 
(Table 2).  The increased risk of death proved to be consistent 
for all 3 intervals in the postoperative period.     

Separate analyses on the risk of reoperation due to hema-
toma did not reveal any statistically signifi cant effect of the 
timing of the start of prophylaxis (RR = 0.7, 95% CI: 0.4–1.2; 
p = 0.2) (Table 2).

Furthermore, intraoperative complications were reported to 
the registry. 42 of the complications reported were intraopera-
tive bleeding (4.7% of all reported complications). However, 

Table 1. Baseline characteristics of the patients/operations

 Preoperative Postoperative
 start of prophylaxis start of prophylaxis

Hemiarthroplasties, n (%)  10,567 (52) 9,674 (48)
Mean age at fracture (SD) 82.3 (7.9) 82.6 (8.1)
Women, n (%) 7,648 (72) 6,941 (72)
ASA-groups, n (%)
 ASA 1 311 (2.9) 249 (2.6)
 ASA 2 3,490 (33) 3,238 (33)
 ASA 3 5,862 (55) 5,550 (57)
 ASA 4 748 (7.1) 531 (5.5)
 ASA 5 9 (0.1) 4 (0.0)
 Missing 147 (1.4) 102 (1.1)
Type of surgery, n (%)
    Cemented with AB 8,513 (81) 5,959 (62)
    Uncemented 1,787 (17) 3,439 (36)
    Cemented without AB 51 (0.5) 36 (0.4)
    Missing 216 (2.0) 240 (2.3)

2007 2009 2011 20132005
Year of operation

Percent of operations
100

80

60

40

20

0

Preoperative start

Postoperative start

Figure 2. The timeline demonstrates the devel-
opment in start of thromboprophylaxis from 
2005–2014 for the patients observed in the study. 
Femoral neck fractures treated with bipolar hemi-
arthroplasty with known start of thromboprophy-
laxis (dalteparin or enoxaparin). 
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Months postoperatively

Death within 6 months (%)

RR 1.13, CI: 1.06–1.21, p < 0.001

Postoperative start

Preoperative start
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Reoperation within 6 months (%)

RR 1.19, CI: 1.01–1.40, p = 0.04

Postoperative start

Preoperative start

Figure 3. Postoperative mortality and risk of reoperation for patients with femoral neck 
fractures treated with hemiprostheses.
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there was no difference in the risk of bleeding complications 
between the patients who had a preoperative start of LMWH 
(22 bleeding complications) and those who had a postopera-
tive start of LMWH (19 bleeding complications) (RR = 0.9, 
95% CI: 0.5–1.7; p = 0.7). 

Cemented and uncemented hemiarthroplasties
In order to investigate the risk of death and reoperation 
further, we stratifi ed for the type of femoral stem fi xation. 
Hemiprostheses with antibiotic-loaded cement (n = 14,472) 
and uncemented hemiprostheses (n = 5,226) gave a higher risk 
of death with a postoperative start of prophylaxis (Table 3). 
The increased risk of death proved to be consistent at all 3 
intervals in the postoperative period (7 days, 30 days, and 180 
days).

ASA classifi cation

When we assessed the healthiest patient group operated for 
femoral neck fracture with hemiarthroplasty (ASA 1–2), the 
benefi t of a preoperative start of the prophylaxis was less 
evident (Table 4). For these patients, a postoperative start of 
LMWH had no effect on the risk of death, reoperation for any 
reason, or reoperation due to infection or hematoma. 

For the most morbid patients (ASA 3–5), increased mor-
tality with a postoperative start of thromboprophylaxis was 
found (Table 4). Again, the increased risk of death proved to 
be consistent for all 3 intervals of the postoperative period. 
The timing of the start of LMWH did not have a statistically 
signifi cant effect on the risk of reoperation for any reason or 
of reoperation due to infection or hematoma.  

Dosage of low-molecular-weight heparin
For patients with a preoperative start of thromboprophylaxis, 
the standard dosage (5,000 IU dalteparin or 40 mg enoxaparin) 

Table 2. Mortality and risk of reoperation 7 days, 30 days and 180 days postoperatively after bipolar 
hemiarthroplasty due to femoral neck fractures. Cox relative risk ratio (RR) (with preoperative start of prophylaxis 
as reference) is given with adjustments for possible infl uences of sex, ASA-class, age of the patient at surgery, 
type of surgery, duration of surgery and year of surgery

  Preoperative Postoperative
 Total n (%) start n (%) start n (%) RR  (95% CI p-value

7 days postoperative      
     Mortality 610 (3.0%) 290 (2.8%) 320 (3.4%) 1.36  (1.15–1.61) < 0.001
     Reoperations 39 (0.2%) 15 (0.1%) 24 (0.3%) 1.50  (0.75–2.99) 0.3
     Reoperation due to infection 5 (0.0%) 2 (0.0%) 3 (0.0%)   
     Reoperation due to hematoma 5 (0.0%) 4 (0.0%) 1 (0.0%)   
30 days postoperative      
     Mortality 1,580  (7.8%) 780 (7.7%) 800 (8.5%)  1.20  (1.08–1.33) 0.001
     Reoperations 457 (2.3%) 215 (2.1%)  242 (2.6%)  1.07  (0.88–1.30) 0.5
     Reoperation due to infection 261 (1.3%) 124 (1.2%) 137 (1.4%)  1.10  (0.85–1.42) 0.5
     Reoperation due to hematoma 49 (0.2%) 31 (0.3%) 18 (0.2%)  0.55  (0.30–1.01) 0.05
180 days postoperative      
     Mortality 3,661 (18%) 1,869 (18%)  1,792 (19%)  1.13  (1.06–1.21) < 0.001
     Reoperations 642 (3.2%) 292 (2.9%) 350 (3.7%)  1.19  (1.01–1.40) 0.04
     Reoperation due to infection 331 (1.6%) 151 (1.5%)  180 (1.9%) 1.25  (0.99–1.57) 0.06
     Reoperation due to hematoma 52 (0.3%)      31 (0.3%)  21 (0.2%) 0.65  (0.36–1.18) 0.2

Table 3.  Mortality and risk of reoperation 180 days postoperatively in patients receiving an uncemented and 
cemented hemiarthroplasty (HA).  Cox relative risk ratio (RR) (with preoperative start of prophylaxis as reference) 
is given with adjustments for possible infl uences of sex, ASA-class, age of the patient at surgery, duration of 
surgery and year of surgery

  Preoperative Postoperative
 Total n (%) start n (%) start n (%) RR  (95% CI p-value

Uncemented HA 5,226       
 Mortality 907 (17%) 294 (17%) 613 (18%)  1.22  (1.05–1.42) 0.008
 Reoperations 240 (4.6%) 72 (4.0%)  168 (4.9%)  1.21  (0.91–1.61) 0.2
 Reoperation due to infection 104 (2.2%) 28 (1.6%) 76 (2.2%)  1.36  (0.87–2.14) 0.2
 Reoperation due to hematoma 21 (0.4%) 12 (0.7%) 9 (0.3%) 0.50  (0.20–1.25) 0.1
Cemented HA 14,472      
 Mortality 2,674 (18%) 1,540 (19%)  1,134 (20%)   1.11  (1.03–1.20) 0.01
 Reoperations 381 (2.6%) 211 (2.6%) 170 (2.9%)  1.16  (0.94–1.43) 0.2
 Reoperation due to infection 215 (2.0%) 118 (1.4%)  97 (1.6%) 1.19  (0.91–1.57) 0.2
 Reoperation due to hematoma 31 (0.2%) 19 (0.2%) 12 (0.2%) 0.84  (0.40–1.76) 0.6
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was given in 51% and half of the standard dosage (2 500 
IU dalteparin or 20 mg enoxaparin) was given in 49%. We 
found no differences in mortality, in the risk of reoperation 
for any reason, or in the risk of reoperation due to infection 
or hematoma when the analyses were performed on half-
standard dosage and full standard dosage (Table 5).  All the 
patients who had a postoperative start of thromboprophylaxis 
received a full standard dosage.  

Time interval between fracture and operation
The median amount of time elapsed between fracture and 
start of surgery for hip fracture patients was 21 hours. No 

independent effect of the preoperative waiting time on the 
risk of death or reoperation could be detected. Accordingly, 
the length of time between fracture and operation had no 
infl uence on the advantageous effect of a preoperative start of 
the prophylaxis. 

Discussion

The data in our nationwide hip fracture registry showed that a 
postoperative start of thromboprophylaxis with low-molecular-
weight heparin in patients operated with hemiprostheses for 
femoral neck fracture resulted in higher mortality and higher 
overall risk of reoperation than with a preoperative start. 

In Norway, 99% of the antithrombotic drugs used as pro-
phylaxis for hip fracture patients are low-molecular-weight 
heparin (LMWH): 56% are dalteparin and 43% are enoxapa-
rin. A similar predominance of LMWH has also been reported 
from the Netherlands (79%) and Denmark (97%) for patients 
who undergo total hip replacement (Ettema et al. 2009, Ped-
ersen et al. 2012). Our results are only valid for dalteparin and 
enoxaparin. However, the benefi t of a preoperative start may 
also be valid for other parenteral and oral antithrombotic com-
pounds that are available.

The trauma of hip fracture activates the coagulation system. 
The subsequent operation constitutes a second trauma. The 
process of implanting a hemiprosthesis appears to give more 
severe trauma than osteosynthesis. Animal studies showed 
that deaths due to respiratory distress were eliminated when 
a thrombin inhibitor was administered before induction of the 
same standard trauma that triggered blood cell aggregation in 
the lung vessels (Giercksky et al. 1976). When the femoral 
stem is inserted in the femoral canal during hemiarthroplasty, 
high pressure seems to squeeze procoagulant cell fragments, 
microparticles, and small molecules such as RNA and his-
tones into the venous system (Dahl et al. 2015). The subse-

Table 4.  Effect of postoperative start of thromboprophylaxis versus preoperative start 180 days postoperatively 
in healthy patients (ASA 1-2) and in morbid patients (ASA 3-5) with femoral neck fracture operated with bipolar 
hemiprosthesis. Cox relative risk ratio (RR) (with preoperative start of prophylaxis as reference) is given with 
adjustments for possible infl uences of sex, age of the patient at surgery, type of surgery, duration of surgery and 
year of surgery

  Preoperative Postoperative
 Total n (%) start n (%) start n (%) RR  (95% CI p-value

ASA 1–2 7,288      
 Mortality 636 (8.7%) 329 (8.9%) 307 (9.1%)    1.12  (0.95–1.31) 0.1
 Reoperations 217 (3.0%) 98 (2.7%)  119 (3.5%)  1.20  (0.91–1.60) 0.2
 Reoperation due to infection 109 (1.5%) 54 (1.5%) 55 (1.6%)   1.16  (0.78–1.72) 0.5
 Reoperation due to hematoma 18 (0.2%) 10 (0.3%) 8 (0.2%) 0.70  (0.26-1.90) 0.5
ASA 3–5 12,704     
 Mortality 2,990 (24%) 1,520 (24%)    1,470 (25%)   1.13  (1.05–1.22) 0.002
 Reoperations 420 (3.3%) 190 (3.0%) 230 (3.9%)  1.18  (0.96–1.45) 0.1
 Reoperation due to infection 219 (1.7%) 95 (1.5%)   124 (2.1%) 1.29  (0.97–1.71) 0.07
 Reoperation due to hematoma 33 (0.3%) 20 (0.3%) 13 (0.2%) 0.65  (0.31–1.36) 0.3

Table 5.  Mortality and risk of reoperation 180 days postoperatively 
in patients operated with hemiprosthesis with a preoperative start 
of thromboprophylaxis (n= 9,370) where the primary dose was of full 
standard (5 000 IU dalteparin or 40 mg enoxaparin) or half standard 
(2 500 IU dalteparin or 20 mg enoxaparin) dosage. Cox relative risk 
ratio (RR) (with full dose at start of prophylaxis as reference) is given 
with adjustments for possible infl uences of sex, ASA-class, age of 
the patient at surgery, type of surgery, duration of surgery and year 
of surgery

     Preoperative
     start dose Total n  Events RR  (95% CI) p-value
 
Mortality 9,370  1,653 (18%) 
    Full 5,253  738 (14%) 1 
    Half 4,117  915 (22%) 0.98  (0.88–1.08) 0.6
Reoperations 9,370 264 (2.8%) 
    Full 5,253  108 (2.6%) 1 
    Half 4,117  156 (3.0%) 1.02  (0.79–1.32) 0.8
Reoperation due 
  to infection 9,370 139 (1.5%) 
    Full 5,253  62 (1.5%)  1 
    Half  4,117  77 (1.5%)  1.10  (0.75–1.56) 0.6
Reoperation due 
  to hematoma 9,370 27 (0.3%) 
 Full 5,253 18 (0.3%) 1
    Half  4,117 9 (0.2%) 0.83  (0.36–1.92) 0.7
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quent activation of the coagulation system could be fatal (Pitto 
et al. 1999, Dahl et al. 2005, Ettema et al. 2008, Talsnes et 
al. 2013). A pressure release hole (diameter 4.5 mm) drilled 
into the medullary canal at the distal end of the femur appears 
to reduce the release of tissue factor into the venous system 
(Engesæter et al. 1984). For patients with fracture of the hip 
and also patients undergoing total hip replacement, chemi-
cal thromboprophylaxis has been found to reduce postopera-
tive mortality (Lie et al. 2010, Heidari et al. 2012, Hunt et al. 
2013). 

Our registry-based cohort was stratifi ed in 2 roughly equal 
arms of preoperative and postoperative administration of stan-
dard doses of LMWH in hip fracture patients. The results 
showed that a preoperative start reduced fatalities within 
6 months of surgery. This favorable effect of preoperative 
LMWH administration was most pronounced in close rela-
tion to surgery. Nevertheless, the preoperative effect was also 
robust over time and no catch-up effect was noticed during 6 
months of observation. Furthermore, a preoperative start of 
thromboprophylaxis provided a lower risk of reoperation com-
pared to postoperative start. In previous discussions, the risk of 
reoperation in particular has been brought forward as an argu-
ment for starting thromboprophylaxis postoperatively (Lassen 
et al. 2012). This argument was partly based on the fear of peri-
operative bleeding complicating the surgical intervention. This 
might also be the explanation for the gradual shift from pre-
operative to postoperative initiation of LMWH that has been 
observed during the last decade (Figure 2). In the present study, 
no higher risk of intraoperative bleeding nor increased risk of 
reoperation due to postoperative hematoma could be detected 
when the prophylaxis was initiated preoperatively. 

Patients with symptomatic comorbidity (ASA ≥ 3) had a 
higher risk of fatal outcome following a femoral neck frac-
ture than healthier patients (ASA 1 or 2). This result is in 
accordance with other studies on hip fracture patients, with 
increased mortality from 1 in 120 to 1 in 30 when the ASA 
score was 4 rather than 1 (Talsnes et al. 2011, Kan et al. 2013, 
Pripp et al. 2014). Accordingly, patients with comorbidities 
appear to benefi t more from preoperative LMWH protection 
than those who are healthy.  

The median length of time between fracture and the start of 
surgery in the present study was only 21 hours. In comparison, 
40% of hip fractures in England were operated more than one 
day after the admission (Bottle et al. 2006). Our rather short 
preoperative interval (from fracture to operation) could be a 
possible explanation for why we were not able to reveal any 
independent effect of preoperative delay on the risk of postop-
erative death or reoperation. Furthermore, the positive effect 
of a preoperative start shown here, irrespective of the time 
elapsed between fracture and operation, indicates that perop-
erative inhibition of the coagulation system is fundamental.

Bone cement to anchor prostheses has been shown to 
increase mortality close to surgery (Talsnes et al. 2013, Pripp et 
al. 2014, Yli-Kyyny et al. 2014). In the present study, patients 

operated with uncemented hemiprostheses also had a higher 
mortality when the thromboprophylaxis was initiated postop-
eratively rather than preoperatively. This indicates that inser-
tion of the femoral stem, irrespective of whether cemented 
or uncemented fi xation is used, appears to produce a potent 
cardiovascular trauma intraoperatively. This would explain 
why patients operated with either uncemented or cemented 
hemiprostheses appeared to profi t from a preoperative start of 
the prophylaxis.

A recent paper from England concerning hip fracture 
patients advocated administration of LMWH in half the dose 
recommended by the British National Formulary (Heidari et 
al. 2012). This is in keeping with our fi ndings showing no dif-
ferences in mortality or risk of reoperation whether the initial 
LMWH dose given preoperatively was half of the standard 
dose (i.e. 2,500 IU dalteparin or 20 mg enoxaparin) or the full 
standard dose (i.e. 5,000 IU dalteparin or 40 mg enoxaparin). 
To conclude, a half-standard dose of LMWH appeared to be a 
suffi cient amount to initiate prophylaxis.

The present study was not a randomized, controlled trial and 
it may therefore be described as being a hypothesis-generating 
study. The data in the study were observational, so causality 
cannot be proven. Nevertheless, to our knowledge this is the 
fi rst study of its kind to be conducted in this area. Previously 
published trials have used 2 compounds, mainly the explor-
atory compound in the postoperative arm and the reference 
drug (mostly enoxaparin) in the preoperative arm. No trials 
have compared preoperative and postoperative benefi t of the 
same compound. All the trials reported have been designed 
to show potentially favorable effects of new regimens com-
pared to well-established regimens. The strength of our study 
was the inclusion of data from all the surgical units that treat 
hip fractures in an entire country. Accordingly, the external 
validity of the results is high. The data regarding the start of 
LMWH were fi lled in by the responsible surgeon immediately 
after surgery. Even though the study had some weaknesses, 
the results are based on a large number of patients and also 
consistent reporting of timing of LMWH treatment to the reg-
ister. Thus, our data strongly indicate that preoperative admin-
istration of LMWH to elderly patients undergoing hip fracture 
surgery with hemiarthroplasty gives fewer fatalities than post-
operative administration. 

In summary, this study has shown that a postoperative start 
of LMWH prophylaxis in patients with femoral neck fractures 
operated with hemiprostheses leads to a higher risk of post-
operative death and reoperation than a preoperative start of 
prophylaxis. There was no signifi cant difference in the risk 
of bleeding complications or in the risk of reoperation due to 
hematoma between the patients who had a preoperative start 
of treatment with LMWH and those who had a postoperative 
start. 

SLS, LBE, and ED performed the statistical analyses. SLS and LBE were 
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Among elderly hip fracture patients, vascular events caused 
by thrombosis are common and the use of chemical thrombo-
prophylaxis is a well-established routine in the management 
of these patients. On the other hand, the risk of intraoperative 
bleeding also represents a major concern that may increase 
both the duration of surgery and risk of reoperation, anemia 
and transfusions (Vera-Llonch et al. 2006). The potential 
complications following both bleeding and thromboembolic 
events can in turn prolong the need for hospitalization and 
rehabilitation. 

The Norwegian Hip Fracture Register (NHFR) has collected 
nationwide information on hip fractures since 2005 (Gjertsen 
et al. 2008). In a previous article based on data from the NHFR 
we found that postoperative start of LMWH increased both 
mortality and risk of reoperation compared with preoperative 
start after femoral neck fractures treated with hemiarthro-
plasty (Leer-Salvesen et al. 2017). On the other hand, preop-
erative start of the thromboprophylaxis did not increase the 
risk of intraoperative bleeding complications or reoperation 
due to hematoma. 

Knowledge concerning the administration of thrombopro-
phylaxis in hip fracture patients treated with osteosynthesis is, 
on the contrary, still sparse. By using data in the nationwide 
NHFR we wanted to compare the effect of preoperative start 
versus postoperative start of thromboprophylaxis in hip frac-
ture patients treated with osteosynthesis. Primary endpoints 
were mortality and reoperations in the first 6 months after 
surgery and intraoperative bleeding complications. Secondary 
endpoints were reoperations due to infection or hematoma. 

Background and purpose — Controversies exist regard-
ing thromboprophylaxis in orthopedic surgery. We studied 
whether the thromboprophylaxis in hip fracture patients 
treated with osteosynthesis should start preoperatively or 
postoperatively. Data were extracted from the nationwide 
Norwegian Hip Fracture Register (NHFR). The risks of post-
operative deaths, reoperations, and intraoperative bleeding 
were studied within 6 months after surgery.

Patients and methods — After each operation for hip 
fracture in Norway the surgeon reports information on the 
patient, the fracture, and the operation to the NHFR. Cox 
regression analyses were performed with adjustments for 
age group, ASA score, sex, duration of surgery, and year of 
surgery. During the period 2005–2016, 96,599 hip fractures 
were reported to the register. Only osteosyntheses where 
low-molecular-weight heparin (LMWH) were given and 
with known information on preoperative start of the prophy-
laxis were included in the analyses. Dalteparin and enoxapa-
rin were used in 58% and 42% of the operations respectively 
(n = 45,913).

Results — Mortality (RR = 1.01, 95% CI 0.97–1.06) and 
risk of reoperation (RR = 0.99, CI 0.90–1.08) were similar 
comparing preoperative and postoperative start of LMWH. 
Postoperative start reduced the risk of intraoperative bleed-
ing complications compared with preoperative start (RR = 
0.67, CI 0.51–0.90).

Interpretation — The initiation of LMWH did not influ-
ence the mortality or the risk of reoperation in hip fracture 
patients treated with osteosynthesis. Postoperative start of 
LMWH could possibly decrease the risk of intraoperative 
bleeding.
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Patients and methods
The NHFR started registration of primary operations and 
reoperations for all hip fractures in Norway in 2005 (Gjertsen 
et al. 2008). Compared with the Norwegian Patient Registry, 
the completeness of primary operations in the NHFR is 88% 
for osteosyntheses (Furnes et al. 2018). After each operation 
the surgeon fills in a one-page paper form. The form includes 
information on age, sex, cognitive function, type of fracture 
(intracapsular femoral neck fractures classified as Garden 
1–2 or 3–4; trochanteric fractures classified as 2-fragmented 
[AO/OTA A1], multi-fragmented [AO/OTA A2], or intertro-
chanteric [AO/OTA A3]; and subtrochanteric fractures), ASA 
class, and duration of surgery. The form further provides infor-
mation on the chemical thromboprophylaxis given (if used or 
not, which drug, dosage, and whether the first dose was given 
preoperatively or postoperatively). The surgeon should also 
report intraoperative complications, including major bleeding 
complications, to the register. A reoperation was defined as 
any secondary surgery following the primary operation. The 
cause of reoperation is reported by the surgeon on a similar 
paper form to that used for the primary operation. 

In the period 2005–2016, 96,599 primary operations for hip 
fractures were reported to the NHFR (Figure 1). 15 differ-
ent types of drugs for prophylaxis had been used. However, 
low-molecular-weight heparin (LMWH) dominated entirely. 
To obtain a more homogeneous study group, operations with 
drugs other than LMWH were excluded. 45,913 patients oper-
ated with osteosynthesis were included. Dalteparin (Fragmin, 
Pfizer) was used in 58% (26,469 operations) and enoxaparin 
(Klexane, Sanofi-Aventis) was used in 42% (19,444 opera-
tions).

Statistics 
Survival analyses were performed using the Kaplan–Meier 
and Cox regression methods. Patients who died or emigrated 
during follow-up were identified from files provided by Statis-
tics Norway, and the follow-up time for these patients was cen-
sored at the date of death or emigration. Only the first 6 postop-
erative months were included in the analyses as this period was 
considered most relevant in the present investigation.

The Cox multiple regression model was used to compare the 
relative risks of postoperative death and revision (failure-rate 
ratios) among patients where the thromboprophylaxis started 
preoperatively compared with postoperatively, with adjust-
ments for possible influences of sex, duration of surgery, age 
of the patient at surgery (grouped in decades), ASA  classi-
fication and year of surgery. Analyses on mortality and risk 
of reoperations within 7 days postoperatively, within 30 days 
postoperatively, and within 6 months postoperatively were 
performed. In addition to reoperations for any reason, we also 
investigated reoperations due to infection or hematoma and 
reported intraoperative bleeding complications. When inves-
tigating reoperations due to hematomas, patients with con-
current other causes for reoperation were excluded from the 
analyses. 

95% confidence intervals (CIs) were calculated for rela-
tive risks. Number needed to harm (NNH) was calculated 
and defined as the number of patients treated with preopera-
tive start of LMWH in order to cause 1 intraoperative bleed-
ing complication because of preoperative start compared 
with postoperative start assuming a direct causal effect. The 
number needed to harm was calculated as an inverse value of 
the risk difference between the preoperative and postoperative 
start of LMWH. 

Sub-analyses
The osteosyntheses were divided into 3 sub-groups to inves-
tigate the most frequently used surgical procedures: screw 
osteosynthesis (14,985 operations, 33%), hip compression 
screw (21,764 operations, 47%), and intramedullary nail 
(9,164 operations, 20%). 

Further, sub-analyses were performed for ASA classes 1–2 
and 3–5. Lastly, duration of surgery was investigated: Group 
1 with a short duration of surgery (less than 16 minutes for 
screws, less than 40 minutes for nails or compression screws, 
25% of the study populations), group 2 with a median dura-
tion of surgery (16–30 minutes for screws, 40–75 minutes for 
compression screws and 40–84 minutes for nails, 25–75% of 
the study populations), and group 3 with a long duration of 
surgery (more than 30 minutes for screws, more than 75 min-
utes for compression screws and more than 84 minutes for 
nails, 25% of the study populations). 

Assessments of proportionality in the Cox models were 
performed using log minus log plots of the adjusted survival 
curves, and the proportionality assumptions were fulfilled. We 
used the statistical software packages IBM SPSS® Statistics, 

Patients with hip fractures
(n = 96,599) 

Excluded (n = 20,372):
– no drug prophylaxis, 1,124
– no information on prophylaxis, 451
– no information on start of prophylaxis, 17,578
– not LMWH-prophylaxis, 1,219 

Osteosyntheses
(n = 45,913)

 

Screws
(n = 14,985)

Hip fractures with known
start of LMWH prophylaxis

(n = 76,227) 

 

Excluded (n = 30,314)
Prostheses and other procedures

Intramedullary nail
(n = 9,164)

Hip compression screw
(n = 21,764) 

Figure 1. Flow chart for patients included in the study.
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version 24.0 for Windows (IBM Corp, Armonk, NY, USA) 
and the statistical package R, version 3.4.0, (http://www.R-
project.org), for the statistical analyses. P-values < 0.05 were 
considered statistically significant.

Ethics, funding, and potential conflicts of interest
The NHFR has permission from the Norwegian Data Inspec-
torate to collect patient data based on written consent from 
the patients. (Permission issued January 3, 2005; reference 
Number 2004/1658-2 SVE/-). Informed consent from patien-
tsis entered in the medical records at each hospital. The Nor-
wegian Hip Fracture Register is financed by the Western 
Norway. The authors declare no competing interests. 

Results
Table 1 presents baseline information on the patients included. 
Thromboprophylaxis was given preoperatively in 45% (20,563 
operations) and postoperatively in 55% (25,350 operations). 
When comparing patients with a preoperative versus postop-
erative start of LMWH, no statistically significant differences 
in age, sex, comorbidity, or duration of surgery were found. 
There was an increase in postoperative initiation of LMWH 
during the studied period (Figure 2).

Mortality
Overall mortality after 6 months was 19% (8,751 of 45,913 
patients). No statistically significant difference in mortality 

between preoperative and postoperative start of LMWH could 
be found. The results were consistent after 7, 30, and 180 days 
(Table 2, Figure 3).

Reoperations
After 6 months 4.5% (2,067 of 45,913 operations) had been 
reoperated. There were 115 reoperations (0.3%) due to infec-
tion. Only 19 reoperations due to hematoma were reported to 
the register. No statistically significant differences in reop-
erations for any cause, reoperations due to infection, or reop-
eration due to hematoma could be found when comparing a 
preoperative versus postoperative start of thromboprophylaxis 
(Table 2, Figure 4).

Intraoperative bleeding complications
1,294 (3.0%) intraoperative complications were reported 
after osteosyntheses. 208 (16% of all reported complications) 
were intraoperative bleedings. Postoperative start of LMWH 
decreased the risk of intraoperative bleeding complications 
compared with preoperative start (RR = 0.67 (CI 0.51–0.90), 
NNH = 434) (Table 3).

Type of osteosynthesis
The hip fractures were reviewed in subgroups based on the 
type of osteosynthesis performed (Table 4). There was an 
increased 30-day mortality risk after operation with hip com-
pression screw when LMWH was initiated postoperatively 
compared with preoperatively (RR = 1.10; CI 1.00–1.21). 
For other types of osteosyntheses, the startup time of LMWH 
prophylaxis had no statistically significant influence on mor-
tality 7, 30, or 180 days after surgery. After operation with 
intramedullary nail there was an increased 180-day risk of 
reoperation due to infection after postoperative start of throm-

Table 1. Patients included in the study 

 Start of prophylaxis
Factor Preoperative Postoperative

Hip fractures with osteosynthesis, n (%) 20,563 (45)  25,350 (55)
Mean duration of surgery a 51 (33) 51 (34)
Mean age at fracture (years) (SD) 80 (12) 80 (13)
Women (%) 69 69
ASA groups, n (%) 
  ASA 1 1,363 (6.6) 1,857 (7.3)
  ASA 2 7,015 (34) 8,793 (35)
  ASA 3 10,362 (50) 12,860 (51)
  ASA 4 1,475 (7) 1,520 (6)
  ASA 5 34 (0.2) 27 (0.1)
  Missing 314 (1.5)  293 (1.2)
Type of surgery b  
 Screws, n (%) 6,781 (45) 8,204 (55)
 Mean duration of surgery a 26 (14) 26(14)
 Hip compression screw, n (%) 9,939 (46) 11,825 (54)
 Mean duration of surgery a 62 (31) 61 (30)
 Intramedullary nail, n (%) 3,843 (42) 5,321 (58)
 Mean duration of surgery a 66 (38) 66 (41)

a Values are minutes (SD)
b Screws include operations with Olmed screws. Hip compression 
screws include operations with a dynamic hip screw (DHS) with or 
without a support plate. Intramedullary nails include long and short 
nails with or without the use of an interlocking screw.
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Relative distribution (%)

Figure 2. Timeline demonstrates the development in start of thrombo-
prophylaxis from 2005 to 2016 for the patients observed in the study 
(n = 45,913). Hip fracture patients operated with osteosynthesis with 
known start of LMWH thromboprophylaxis (dalteparin or enoxaparin).
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Table 2. Mortality and risk of reoperation 180 days postoperatively after osteosynthesis for hip fracture

  
 Start of prophylaxis, n (%)
 Total, n (%) Preoperative Postoperative RR a  95% CI p-value

7 days postoperatively (n = 45,913)     
 Mortality 1,050 (2.3) 481 (2.3) 569 (2.2) 1.02 0.90–1.16 0.7
 Reoperations 190 (0.4) 76 (0.4) 114 (0.4) 1.18 0.88–1.58 0.3
 Reoperation due to infection 5 (0.0) 1 (0.0) 4 (0.0) 3.50 0.38–32.0 0.3
 Reoperation due to hematoma 9 (0.0) 3 (0.0)  6 (0.0) 1.86 0.46–7.49 0.4
30 days postoperatively (n = 45,913)     
 Mortality 3,534 (7.7) 1,606 (7.8)  1,928 (7.6) 1.05 0.98–1.12 0.2
 Reoperations 627 (1.4) 275 (1.3)  352 (1.4)  1.12 0.95–1.32 0.2
 Reoperation due to infection 66 (0.1) 30 (0.1) 36 (0.1)  0.88 0.54–1.44 0.6
 Reoperation due to hematoma 18 (0.0) 6 (0.0) 12 (0.0) 2.04 0.71–5.82 0.2
180 days postoperatively (n = 45,913)     
 Mortality 8,751 (19) 4,049 (20) 4,702 (19)  1.01 0.97–1.06 0.6
 Reoperations 2,067 (4.5) 966 (4.7) 1,101 (4.3) 0.99 0.90–1.08 1.0
 Reoperation due to infection 115 (0.3) 49 (0.2) 66 (0.3) 1.02 0.70–1.49 0.9
 Reoperation due to hematoma 19 (0.0) 6 (0.0)  13 (0.1) 2.18 0.78–6.18 0.1

a Cox relative revision risk (RR) (with preoperative start of prophylaxis as reference) is given with adjustments for 
possible influences of sex, ASA class, age group of the patient at surgery, duration of surgery, and year of surgery.

Table 3. Risk of intraoperative bleeding complications after osteosynthesis (n = 45,913) in hip fractures receiving 
screws (n = 14,985), hip compression screws (n = 21,764), or medullary nails (n = 9,164) 

 Intraoperative bleeding, n (%)   Risk Risk
Treatment Preop. start  Postop. start RR a (95% CI)  p-value Preop.– Postop. difference NNH b

Osteosynthesis 118 (0.6) 90 (0.4) 0.67  (0.51–0.90) 0.007 0.0060 – 0.0037 0.0023 434
Screws 3 (0.0) 2 (0.0) 0.43  (0.07–2.68) 0.4 0.0004 – 0.0002 0.0002 4,940
HCS 102 (1.0) 71 (0.6) 0.64  (0.47–0.87) 0.004 0.0108 – 0.0063 0.0045 222
Intramedullary nail 13 (0.3) 17 (0.3) 1.06  (0.50–2.26) 0.9 0.0036 – 0.0034 0.0002 4,684

a See Table 2.
b NNH: Number of patients treated with preoperative start of LMWH in order to cause one intraoperative bleed-
ing complication because of preoperative LMWH start compared with postoperative LMWH start if there is a 
direct causal effect. The NNH was calculated as an inverse value of the risk difference (RD) between the meth-
ods [1/(risk preoperative start–risk postoperative start)].

Table 4. Mortality and risk of reoperation 180 days postoperatively after osteosynthesis in hip fractures receiv-
ing screws, hip compression screw, or medullary nails 

 Start of prophylaxis, n (%)
 Total, n (%) Preoperative Postoperative RR a  95% CI p-value

Screws (n = 14,985)     
 Mortality 2,776 (19) 1,353 (21)  1,423 (18)  1.01 0.92–1.08 1.0
 Reoperations 1,226 (8.2) 593 (9.1) 633 (8.0)  0.97 0.86–1.09 0.6
 Reoperation due to infection 20 (0.1) 11 (0.2) 9 (0.1) 0.76 0.30–1.9 0.6
 Reoperation due to hematoma 4 (0.0) 0 (0.0) 4 (0.1) – – -
Hip compression screw (n = 21,764)     
 Mortality 4,264 (20) 1,942 (20)  2,322 (20)  1.01 0.98–1.1 0.2
 Reoperations 580 (2.7) 266 (2.7) 314 (2.7)  0.97 0.82–1.2 0.7
 Reoperation due to infection 77 (0.4) 35 (0.4)  42 (0.4) 0.92 0.58–1.4 0.7
 Reoperation due to hematoma  11 (0.1)     4 (0.0) 7 (0.1) 1.9 0.49–7.6 0.3
Intramedullary nail (n = 9,164)     
 Mortality 1,711 (19) 754 (20)  957 (18)  0.96 0.87–1.1 0.4
 Reoperations 261 (2.8) 107 (2.8) 154 (2.9)  1.2 0.91–1.5 0.2
 Reoperation due to infection 18 (0.2) 3 (0.1)  15 (0.3) 3.7 1.04–13 0.04 
 Reoperation due to hematoma  4 (0.1) 2 (0.1)     2 (0.0) 1.2 0.14–9.8 0.9
 
a See Table 2.
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boprophylaxis compared with preoperative start (RR = 3.7; 
CI 1.04–13.2). No other statistically significant differences in 
risk for reoperation due to any cause, reoperation due to infec-
tion, or reoperation due to hematoma could be found (Table 
4). After operation with hip compression screw there was a 
decreased risk of intraoperative bleeding complications after 
postoperative start of LMWH compared with preoperative 
start (RR = 0.64; CI 0.47–0.87) (see Table 3).

ASA classification
Patients were stratified into ASA classes 1–2 and ASA classes 
3–5. For both subgroups, no statistically significant differ-
ences in mortality or risk of reoperation could be found within 
180 days of follow-up between preoperative and postoperative 
start of LMWH (data not shown). 

Duration of surgery 
Patients treated with intramedullary nail with long duration of 
surgery (> 84 minutes, upper quartile) had the most marked 
increased risk of reoperation due to infection after postopera-
tive start of LMWH compared with preoperative start (RR = 
8.2; CI 1.03–65). The startup time of LMWH did not statis-
tically significantly influence the risk of reoperation due to 
infection in patients treated with intramedullary nails with 
shorter operation time or for other osteosyntheses (data not 
shown). 

For patients treated with hip compression screw the risk 
of intraoperative bleeding complication decreased after post-
operative start of LMWH with long duration of surgery (> 
75 minutes, upper quartile) (RR = 0.68; CI 0.47–0.99). The 
startup time of LMWH did not influence the risk of intra-
operative bleeding complication in patients treated with hip 
compression screw with shorter operation time (data not 
shown).

America a postoperative initiation has been common (Kearon 
and Hirsh 1995, Gomez-Outes et al. 2012, Lassen et al. 2012). 
This divergent practice between the continents may be contin-
ued based on traditional consequences. The fear of bleeding-
related complications has been most critical for surgeons in 
North America due to medico-legal issues. In Europe, on the 
other hand, such complications have been the common respon-
sibility of the department and the main focus has been to pre-
vent local and systemic thromboembolic events. Due to the 
tremendous costs of antithrombotic drug development, sev-
eral companies have recently developed a common regimen 
for both continents. Nevertheless, timing in relation to sur-
gery has been considered important for the efficacy-to-safety 
balance in any pharmaceutical anticoagulant program. Trials 
funded by the industry have primarily focused on detecting 
thromboses with mandatory radiology following the surgical 
intervention. Unfortunately, some studies have been criticized 
for underestimating the challenges bleeding and wound com-
plications can present following surgery (Parvizi et al. 2007, 
Lachiewicz 2009, Dahl et al. 2010). Second, the reported trials 
have been designed to show potential favorable effects of new 
experimental regimes versus established regimes (Yoshida et 
al. 2013). In contrast, our register study compares the same 
compounds when investigating preoperative versus postopera-
tive start of thromboprophylaxis. To our knowledge, there no 
study of this size has been conducted investigating the startup 
time of thromboprophylaxis in hip fracture surgery.

When studying femoral neck fractures treated with hemiar-
throplasty, preoperative start of thromboprophylaxis reduced 
mortality within 6 months of surgery (Leer-Salvesen et al. 
2017). This favorable effect of preoperative LMWH adminis-
tration was most pronounced in the first postoperative weeks. 
Nevertheless, the preoperative effect was also robust over time 
and no catch-up effect was noticed during 6 months of obser-
vation. In the present study investigating hip fractures treated 
with osteosynthesis, no such protective effect of preoperative 

Figure 3. Postoperative mortality for hip frac-
ture patients treated with osteosynthesis.

Figure 4. Risk of reoperation for hip frac-
ture patients treated with osteosynthesis.

Discussion
When comparing preoperative versus post-
operative start of LMWH for hip fracture 
patients treated with osteosynthesis, no dif-
ferences in mortality or risk of reoperation 
were found. Preoperative start of LMWH 
was found to give more intraoperative bleed-
ing complications for patients treated with 
hip compression screws, but not for patients 
receiving intramedullary nails or screws. 

Whether chemical prophylaxis should 
start preoperatively or postoperatively is 
controversial (Ettema et al. 2009, Borgen et 
al. 2013). In Europe the LMWH prophylaxis 
has traditionally started before hip fracture 
surgery (Ettema et al. 2009), while in North 
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start of LMWH could be detected, either for the whole group 
or for subgroups of patients receiving screw osteosynthesis, 
hip compression screw, or intramedullary nail. In the frail 
elderly undergoing hip fracture, the primary trauma and sub-
sequent surgery have been shown to significantly impact the 
immediate and long-term mortality (Talsnes et al. 2011, 2013). 
As shown in our previous study, preoperative administration 
of LMWH may contribute to reducing mortality following 
hemiarthroplasty (Leer-Salvesen et al. 2017). Importantly, 
osteosynthesis for hip fractures seem to induce less trauma 
and thrombin-driven vascular complications as compared with 
surgery with hemiprosthesis. Thus, the start of prophylaxis in 
relation to surgery might be less important when conducting 
osteosynthesis procedures.

Preoperative start of thromboprophylaxis did not increase 
the risk of reoperation after osteosyntheses compared with 
postoperative start. In previous discussions, the risk of reop-
eration has in particular been brought forward as an argu-
ment to start thromboprophylaxis postoperatively (Lassen et 
al. 2012). This argument has partly been based on the fear of 
intraoperative bleeding complicating the surgical intervention. 
The fear of bleeding might also explain the gradual shift from 
preoperative to postoperative initiation of LMWH observed 
during the last decade. Relevantly, our study did demonstrate 
a decreased risk of intraoperative bleeding when the LMWH 
was initiated postoperatively compared with preoperatively for 
patients receiving osteosynthesis. In contrast, we did not find 
a decreased risk of intraoperative bleeding when the LMWH 
was initiated postoperatively in femoral neck fractures treated 
with hemiarthroplasty (Leer-Salvesen et al. 2017). 

Postoperative start of LMWH decreased the risk of intraop-
erative bleeding in connection with hip compression screws. 
However, in patients operated with screw osteosynthesis or 
intramedullary nail a postoperative start of LMWH did not 
influence the risk of intraoperative bleeding. Screw osteosyn-
thesis and intramedullary nail for hip fractures are most often 
performed as mini-invasive surgery, which may explain why 
risk of intraoperative bleeding complications is not affected by 
LMWH. Since displaced femoral neck fractures in the elderly 
are most often treated with an arthroplasty (Gjertsen et al. 
2017), patients treated with screw osteosynthesis are younger 
than patients treated with osteosynthesis for extracapsular hip 
fractures. Less preoperative bleeding and younger age might 
explain why the start of LMWH administration does not sig-
nificantly affect the risk of mortality, reoperation, or bleeding 
when using screw fixation. 

Extracapsular hip fractures may be treated with hip com-
pression screw or intramedullary nail. The complexity of the 
fracture will affect the risks of infection, bleeding, and reop-
eration. Intramedullary nails are increasingly used for com-
plex trochanteric and subtrochanteric fractures. Postoperative 
start of LMWH compared with preoperative start increased 
the risk of reoperations due to infection after intramedullary 
nails. Hip fractures with time-consuming intramedullary nail-

ing (more than 84 minutes, upper quartile) had a more than 
8 times increased risk of reoperation due to infection after 
postoperative start of LMWH compared with preoperative 
start. A possible explanation could be that preoperative start 
of thromboprophylaxis induces bleeding earlier, which allows 
hemostasis or hematoma evacuation during surgery. Contrari-
wise, postoperative start of thromboprophylaxis LMWH may 
postpone traumatic bleeding and produce a late hematoma, 
which predispose to infection. A longer duration of surgery 
is often related to complex fractures, other concurrent intra-
operative complications, or less experienced surgeons. These 
factors may also influence the risk of infection and potenti-
ate the protective effect of a preoperative LMWH. However, 
due to limited number of patients in the sub-studies the results 
may be interpreted with caution.

Strength and limitations
Our study is not a randomized controlled study (RCT) and may 
consequently be categorized as a hypothesis-creating study. 
However, when examining rare adverse events and large patient 
numbers, observational register studies remain an achievable 
method compared with RCTs. Nevertheless, this is, to our 
knowledge, the first study of its kind comparing preopera-
tive versus postoperative benefit of the same compounds. The 
strength in our study is the inclusion of data from all surgical 
units treating hip fractures in one country. Accordingly, the 
external validity of the results is high. The inclusion of multiple 
hospitals may influenceour results. However, as we believe each 
hospital has routines in thromboprophylaxis administration, the 
inclusion of all hospitals has not been used as a confounder in 
our analyses. The register is dependent on volunteer reporting 
from individual surgeons. According to earlier coverage analy-
ses, reoperations are more frequently left unreported to the reg-
ister than primary operations, and such a tendency may affect 
our endpoints (Wiik et al 2014). It is, however, unlikely that 
differences in the reporting of reoperations after preoperative 
versus postoperative initiation of LMWH exist. Data concern-
ing the start of LMWH are entered immediately after surgery by 
the responsible surgeon. Unfortunately, the NHFR only receives 
limited information concerning the usage of thromboprophy-
laxis in treatment of hip fractures. The surgeons do not report 
the exact moment in time of LMWH administration before and 
after surgery. Therefore, consequences of preoperative versus 
postoperative LMWH startup regimes are still partly unknown. 
The exact duration of LMWH treatment may not always be 
possible to predict immediately after surgery as later events 
or complications may alter the originally planned duration of 
treatment. Furthermore, after each operation the surgeon has to 
interpret whether the intraoperative bleeding was so extensive 
that it should be reported as a complication. Therefore, the find-
ings regarding intraoperative bleeding must be interpreted with 
caution. Even though the study has weaknesses, the results are 
based on a large number of patients as well as consistent report-
ing of LMWH initiation to the register. 
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Conclusion
Our data strongly indicate that preoperative compared with 
postoperative administration of LMWH does not influence 
mortality or risk of reoperation in hip fracture patients treated 
with osteosynthesis. However, postoperative start of LMWH 
does decrease the risk of reported intraoperative bleeding 
complications for operations with hip compression screw, but 
not with intramedullary nail or screw osteosynthesis.

The loyal reporting from all orthopedic surgeons made our studies possible. 

The manuscript was produced by close teamwork between all authors. SLS 
and ED performed the statistical analyses. All authors contributed to the 
study design and interpretation of results. 

Acta thanks Gerold Labek and other anonymous reviewers for help with peer 
review of this study.
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Key summary points
Aim The aim of this study was to determine whether DOAC-users with a hip fracture have delayed surgery, longer length 
of hospital stay or altered risk of bleeding complications compared to non-users.
Findings DOAC-users with a hip fracture did not have increased surgical delay, length of stay or risk of reported bleeding 
complications compared to patients without anticoagulation prior to surgery.
Message Our study does not support delayed surgery for DOAC-users suffering a hip fracture.

Abstract
Purpose The perioperative consequences of direct oral anticoagulants (DOACs) in hip fracture patients are not sufficiently 
investigated. The primary aim of this study was to determine whether DOAC-users have delayed surgery compared to non-
users. Secondarily, we studied whether length of hospital stay, mortality, reoperations and bleeding complications were 
influenced by the use of DOAC.
Methods The medical records of 314 patients operated for a hip fracture between 2016 and 2017 in a single trauma center 
were assessed. Patients aged < 60 and patients using other forms of anticoagulation than DOACs were excluded. Patients 
were followed from admission to 6 months postoperatively. Surgical delay was defined as time from admission to surgery. 
Secondary outcomes included length of hospital stay, transfusion rates, perioperative bleeding loss, postoperative wound 
ooze, mortality and risk of reoperation. The use of general versus neuraxial anaesthesia was registered. Continuous outcomes 
were analysed using Students t test, while categorical outcomes were expressed by Odds ratios.
Results 47 hip fracture patients (15%) were using DOACs. No difference in surgical delay (29 vs 26 h, p = 0.26) or length of 
hospital stay (6.6 vs 6.1 days, p = 0.34) were found between DOAC-users and non-users. DOAC-users operated with neuraxial 
anaesthesia had longer surgical delay compared to DOAC-users operated with general anaesthesia (35 h vs 22 h, p < 0.001). 
Perioperative blood loss, transfusion rate, risk of bleeding complications and mortality were similar between groups.
Conclusion Hip fracture patients using DOAC did not have increased surgical delay, length of stay or risk of reported bleed-
ing complications than patients without anticoagulation prior to surgery. The increased surgical delay found for DOAC-users 
operated with neuraxial anaesthesia should be interpreted with caution.

Keywords Hip fracture · Orthogeriatrics · Surgical delay · Anaesthesia · Direct oral anticoagulants (DOAC) · New oral 
anticoagulants (NOAC)
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Introduction

The use of direct oral anticoagulants (DOACs) have emerged 
based on randomized clinical trials, active marketing and 
less demands concerning monitoring compared to warfa-
rin. From 2014 to 2018, the prevalence of DOAC-users 
increased with 150% in Norway and the drugs as a group 
have surpassed warfarin [1]. Increasing use of DOACs has 
also been observed in Germany, Belgium and The Nether-
lands [2]. Suffering a hip fracture results in an evident excess 
mortality [3], and knowledge on how to reduce complica-
tions is, therefore, important. Reduced kidney function, co-
medication, drug interaction and altered distribution may 
affect the clinical outcome in hip fracture patients using such 
anticoagulant compounds [4].

Systemic thromboembolic events are important causes 
of mortality [5, 6]. On the other hand, DOACs may accen-
tuate bleeding triggered by trauma and surgery. Whether 
DOACs should be temporarily paused to avoid surgical and 
anaesthesiological complications and, if so, when it should 
be paused remains to be established. Anticoagulation has in 
several studies been identified as a risk factor for delayed 
hip fracture surgery [7–10]. Most guidelines advocate that 
hip fracture surgery should be performed within 48 h after 
admission, preferably within 24 h, to reduce the rate of 
medical complications and mortality [11–13]. Earlier stud-
ies have indicated that patients exposed for DOAC before 
the hip fracture wait longer for surgery than recommended in 
treatment guidelines [14–16]. The consequences of DOAC 
on semi-urgent surgery such as for hip fracture patients has 
not been thoroughly investigated.

Currently, there is need for guidelines on how to han-
dle DOACs in the treatment of hip fracture patients. The 
primary aim of this study was to determine whether hip 
fracture patients using DOACs prior to the fracture have 
delayed surgery or longer length of hospital stay compared 
to non-DOAC-users. Secondarily, we wanted to investigate 
whether mortality and perioperative complications occur 
more frequently among hip fracture patients using DOAC.

Methods

Study design

This is a retrospective descriptive study of hip fracture 
patients operated at one Norwegian single trauma center 
December 2016–December 2017. We extracted 360 patients 
electronically from the hospital database using ICD-10 diag-
nosis codes S72.0–S72.2. Demographic data and surgical 
outcomes for the included patients were retrieved directly 

from patient records by one experienced researcher (SLS). 
Patient records at the hospital consisted of day-to-day doc-
umentation by the anaesthetists and orthopaedic surgeons 
and medical records logged by physicians and nurses. The 
Regional Ethics Committee (REK) classified the study as 
quality assurance, thus we did not need ethical assessment 
(case number 1366/REK). The hospital data protection 
officer approved the study.

Patients

Patients with acute intracapsular or extracapsular hip frac-
tures undergoing any type of surgery were included in the 
study. We aimed to compare hip fracture patients using 
DOAC at time of fracture with patients without antico-
agulation at time of fracture. Patients under the age of 60 
(n = 23) and patients using other forms of anticoagulation 
than DOACs (n = 23) were excluded, resulting in a study 
population of 314 patients.

Outcomes

We stratified the patients according to the American Society 
of Anesthesiologists (ASA) classes 1–2 and 3–5 to compare 
comorbidity between the studied groups. When comparing 
the rate of cognitive impairment reported between the study 
groups, patients with unknown preoperative cognitive sta-
tus were excluded (n = 20). Time from admission to surgery 
(surgical delay) was reported in hours and length of stay 
(LOS) in days. In-hospital mortality and both mortality and 
readmissions within 30 days and within 6 months of opera-
tion were registered. Blood transfusion rates and transfusion 
amounts (allogenic red blood cells infused in standardized 
units) were collected from the medical records signed by the 
responsible physicians. In-hospital guidelines recommended 
blood transfusion therapy to be administered for patients 
with a haemoglobin below 9 g/dL monitored at the wards. 
The concentration of haemoglobin was listed at admission 
and the morning after surgery and the difference was calcu-
lated (change in haemoglobin concentration). Intraoperative 
blood loss estimated by the surgical team was registered 
from the anaesthesia journal in milliliters (mL). Postopera-
tive bleeding and wound complications were recorded if the 
intraoperative or postoperative journals by the physicians 
reported so. Wound ooze was defined as clinically identi-
fied ooze with or without bleeding described by the doctors 
postoperatively. The type of anaesthesia was registered as 
general anaesthesia (total intravenous anaesthesia (TIVA) 
or inhalational anaesthesia) or neuraxial anaesthesia (spinal 
anaesthesia). We compared surgical delay and LOS within 
the groups receiving neuraxial versus general anaesthesia.
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Statistical analysis

Our main outcome, surgical delay, was used to calculate 
the number of patients needed to achieve statistical signifi-
cance between the groups. Based on guidelines from the 
Norwegian Knowledge Center hip fracture patients should 
preferable be operated within 24 h and no later than 48 h 
after admission [12]. Standard deviation was calculated from 
hip fracture patients with a surgical delay of less than 96 h 
reported to the Norwegian Hip Fracture Register and found 
to be 15.1 h. Based on alpha of 0.05 and beta of 0.9, 28 
patients were needed in each group. Since 9.4% of Norwe-
gian patients > 60 years were using DOAC in 2017 (Norwe-
gian Institute of Public Health 2019), the total sample size 
was calculated to be 300. To account for exclusion criteria’s 
and missing information, we increased the sample size with 
20%.

We performed univariate exploration of study vari-
ables; for continuous data, the assumption of homogene-
ity of variance between groups was assessed using the 
Levene’s test. Where the assumption holds a Students t 
test was used, otherwise the Welch’s t test was applied. 
Odds ratios (ORs) were used to express categorical out-
comes and patients without DOAC were used as a ref-
erence group. IBM SPSS Statistics (version 24.0; IBM 
Corp. Armonk, New York) for Windows was used for the 
statistical analyses.

Results

Of the 314 included patients, 47 patients (15%) were DOAC-
users before the hip fracture and 267 patients (85%) were 
not using anticoagulation before the fracture (Table 1). Hip 

fracture patients using DOAC were more likely to have a 
high ASA class (ASA 3–5) compared to non-users.

Time to surgery and hospital stay

DOAC-users and non-anticoagulated patients had similar 
time interval from admission to surgery (29 vs 26 h, p = 0.26, 
respectively) and similar length of hospital stay (LOS) (6.6 
vs 6.1 days, p = 0.34, respectively) (Table 2).

Complications

The mean blood loss during surgery for all patients (n = 314) 
was 219 mL. Mean blood loss, fall in haemoglobin and 
transfusion rates were comparable in both groups (Table 2).

Bleeding complications were reported in three patients 
(0.9% of all patients); two patients had an excessive bleeding 
during surgery, while a third patient developed a postopera-
tive haematoma restricted to the operation site. No bleeding 
complications were reported among the DOAC-users.

Wound oozing with or without bleeding were described in 
27 patients (8.6%) and more frequently among DOAC-users 
than patients without anticoagulation (26% vs 5.6%, respec-
tively) (Table 2). Among all patients (n = 314), postoperative 
wound leakage was associated with a longer hospital stay 
than for patients without wound exudation (LOS 9 vs 6 days, 
respectively, p < 0.001).

The 30-day mortality for all patients (n = 314) was 12%. 
DOAC-users had corresponding mortality in the hospital, 
within 30 days and within 6 month compared to non-users 
(Table 2). Furthermore, 30-day and 6-month risk of read-
mission were similar between DOAC-users and non-users 
[30 days: 26% vs 17%, respectively, OR 1.65 (0.80–3.41)] 
[6 months: 36% vs 26%, OR 1.63 (0.85–3.13)].

Table 1  Baseline data for the 
included hip fracture patients in 
our study (n = 337)

a Pearson Chi Square test has been used to compare patients in each anticoagulant group with either ASA 
classes 1–2 or class 3–5. When comparing the rate of cognitive impairment reported between the study 
groups, patients with unknown preoperative cognitive status were excluded (n = 20)

Antithrombotic medication

Total No anticoagulants DOAC p value

Total n (%) 314 (100) 267 (85) 47 (15)
Mean age (SD) 82.1 (9.2) 81.8 (9.5) 84.2 (7.4) 0.05
Women (%) 221 (70) 190 (71) 31 (66) 0.47
Cognitive impairment (%) 108 (34) 93 (34.8) 15 (31.9) 0.61
ASA class (%) 0.003a

 ASA 1 8 (2.5) 8 (3.0) 0 (0.0)
 ASA 2 120 (39) 110 (42) 10 (21)
 ASA 3 158 (51) 128 (48) 30 (64)
 ASA 4 27 (8.0) 20 (7.5) 7 (15)
 ASA 5 1 (0.3) 1 (0.4) 0 (0.0)
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Antiaggregants

Among the DOAC-users, two hip fracture patients were also 
using clopidogrel (4.3%) while the remaining 45 patients 
where not using antiaggregant therapy (95.7%).

In the non-anticoagulated group, 92 patients (34.5%) were 
using 1 antiplatelet drug while ten patients (3.7%) were using 
two antiplatelet drugs. Time to surgery, perioperative blood 
loss, transfusion rate, risk of bleeding complications and 
mortality were similar between non-anticoagulated patients 
and DOAC-patients both when including and excluding 
patients with clopidogrel in addition to DOAC.

Anaesthesia

General anaesthesia was administered to 32 (10%) of all 
patients. When comparing general to neuraxial anaesthesia, 
no differences in time from admission to surgery (surgical 
delay) or LOS was found. A significantly higher percentage 
of DOAC-users received general anaesthesia than non-users 
[22 patients (47%) vs 10 (3.8%), p < 0.001]. The DOAC-users 
that received neuraxial anaesthesia (n = 25) had significantly 
longer surgical delay compared to those who received general 
anaesthesia (35 h vs 22 h, p < 0.001). DOAC-users treated 
with neuraxial anaesthesia trended toward a longer LOS, yet 
the results were not significant (7.1 vs 6.1 days, p = 0.1).

Discussion

In this single-centre retrospective descriptive study inves-
tigating hip fracture patients, the use of DOACs at the time 
of fracture was not found to influence surgical delay or 
length of stay compared to non-users. Furthermore, no dif-
ferences in perioperative blood loss, transfusion rates or 
risk of bleeding complications between DOAC-users and 
non-users were disclosed. Hip fracture surgery was more 
frequently performed in general anaesthesia in DOAC-
users, and the use of neuraxial anaesthesia for DOAC-users 
was associated with a longer surgical delay. This should 
be seen in relation to primary findings of no difference in 
surgical delay and length of stay between the compared 
groups. The high rate of cognitive impairment reported 
in this study was in line with a previous Norwegian study 
where 38% of home-dwelling hip fracture patients had cog-
nitive impairment [17].

Studies investigating hip fracture treatment and the use 
of anticoagulants have so far reported conflicting results. 
While increased risk of complications was detected in one 
study [18], other studies discovered no such effect [19, 20]. 
These diverse findings could be explained by different perio-
perative administration of anticoagulant drugs. Due to a lack 
of international established guidelines, patients tend to be 
treated according to local routines in each hospital.

Table 2  Surgical delay, length of hospital stay, type of anaesthesia, perioperative complications and mortality reported among hip fracture with 
DOAC or no anticoagulation prior to the fracture (n = 314)

Bold values indicate more frequent use of general anaesthesia and higher risk of wound ooze in DOAC-users compared to non-users

Antithrombotic medication

Hospital stay Total No anticoagulants DOAC p value

Hours from admission to surgery (SD) 26.5 (18.2) 26.1 (19.0) 28.9 (12.9) 0.26
LOS (SD) 6.2 (2.9) 6.1 (2.9) 6.6 (2.2) 0.34
General anaesthesia (%) 32 (10%) 10 (3.8%) 22 (47%) 0.001

Perioperative complications p value

Mean blood loss during surgery (SD) 219 mL (208) 218 mL (209) 223 mL (204) 0.9
Mean fall in haemoglobin (SD) 1.90 (1.30) 1.89 (1.25) 1.95 (1.63) 0.8
Mean SAG transfused per patient (SD) 0.81 (1.16) 0.80 (1.17) 0.85 (1.10) 0.8

OR (95% CI)

Number of patients transfused (%) 134 (43%) 113 (42%) 21 (45%) 1.10 (0.59–2.01)
Reported wound ooze (%) 27 (8.6%) 15 (5.6%) 12 (26%) 5.8 (2.49–13.3)

Mortality OR (95% CI)

In-hospital mortality 11 (3.5%) 9 (3.4%) 2 (4.3%) 1.27 (0.27–6.09)
30-day mortality 39 (12.4%) 34 (12.7%) 5 (10.6%) 1.23 (0.45–3.31)
6-month mortality 70 (22.3%) 59 (22.1%) 11 (23.4%) 0.93 (0.45–1.94)
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DOACs are approved for prevention of thromboembolism 
from non-valvular atrial fibrillation and to treat or prevent 
recurring deep vein thrombosis and pulmonary embolism 
[21–23]. These indications may explain why a higher burden 
of comorbidity was found among hip fracture patients using 
a DOAC compared to non-users in our study. Despite this 
increased comorbidity, we were not able to find increased 
risk of perioperative blood loss, transfusion rates, bleeding 
complications or mortality for the DOAC-users compared to 
the less comorbid non-users. Our findings are in contrast to 
another study reporting a higher one-year mortality among 
hip fracture patients using DOAC compared to non-users 
[24]. However, the excess mortality may be explained by 
higher age, more comorbidity and longer surgical delay than 
in our patients.

Earlier hip fracture surgery has been associated with 
reduced LOS and reduced frequency of immobilization-
related complications [25–28], and large resources have been 
applied to promote earlier surgical interventions [29]. Sev-
eral studies have found increased surgical delay for DOAC-
users [16, 18, 24], and the authors question whether the use 
of DOAC before the hip fracture results in unnecessary long 
surgical delay [14, 24, 30–32]. In contrast, our DOAC-using 
patients did not wait significantly longer for surgery than the 
non-users. Another study investigated hip fracture patients 
using DOACs compared to matched controls with a median 
of only 19 h from admission to surgery [30]; no association 
between surgical delay and perioperative fall in haemoglo-
bin, transfusion rate or reoperation for DOAC-users was 
found. As our study did not find increased bleeding—and 
transfusion—complications among patients using DOAC, 
early surgical interventions appear safe.

The prevalence and risk factors for surgical site infections 
is sparsely studied in the geriatric hip fracture population 
even though high age has been identified as a potential risk 
factor for such infections [33]. Our study revealed wound 
oozing five times more frequently among DOAC-users than 
patients without anticoagulation. Still, none of these patients 
underwent a reoperation due to wound ooze. We need to 
acknowledge that reoperation due to wound ooze is a late 
solution to persisting oozing. One earlier study has investi-
gated DOAC-users’ risk of reoperation due to wound ooze 
and found no relation to surgical delay [30]. On the other 
hand, when studying hip fracture patients not accounting for 
chronic anticoagulation, surgical delay has been found to be 
a risk factor for wound infections [28, 33]. The association 
between wound ooze and longer LOS found in our study 
might have implications for health costs and patient treat-
ment following a hip fracture.

In Norway, 80–90% of hip fracture patients are given 
neuraxial anaesthesia [34], correlating well to the preva-
lence found in our hospital (90%). There is no international 

consensus on neuraxial versus general anaesthesia for hip 
fracture patients [35]. General anaesthesia has earlier been 
associated with a longer LOS compared to neuraxial anaes-
thesia [36], yet a meta-study of 400,000 hip fracture patients 
revealed a clinically insignificant difference of only 0.3 days 
[37]. The increasing use of DOACs challenge current clini-
cal practice because the potential ramifications of neuraxial 
anaesthesia in the anticoagulated patient [38]. European 
guidelines recommend that DOACs should be discontinued 
before surgery in line with their pharmacokinetic proper-
ties [39–42]. Potential neuraxial bleeding can be avoided by 
giving the hip fracture patients general anaesthesia, possibly 
explaining why general anaesthesia was used ten times more 
frequently in patients using DOAC at the time of fracture 
compared to non-users in our study. One explanation to this 
finding could be that some DOAC-users were scheduled for 
delayed surgery to be operated with neuraxial anaesthesia. 
Another likely explanation is that for these DOAC-users, 
the chosen modality ended up being neuraxial anaesthesia, 
because their surgery already had been delayed for other 
reasons, in example access to theatre and preoperative medi-
cal stabilization.

Strengths and limitations

We studied patients treated at a large trauma hospital using 
patient records processed by one researcher, thereby increas-
ing the quality and reproducibility of our work. We cannot 
generalize our findings to other hospitals or countries with 
other treatment algorithms. However, we believe that our 
university hospital is representable also for hip fracture treat-
ment in other Norwegian hospitals. Similar surgical delay 
between DOAC-users and non-users further support com-
parable preoperative management of all the studied patients.

The sample size was calculated based on our main out-
come surgical delay using data from the Norwegian Hip 
Fracture Register [13]. However, we assessed several other 
outcomes as well in our study, thereby potentially working 
with insufficient sample sizes and lack of power. Unfortu-
nately, the size of our study prevented stratified analyses 
of the different types of DOAC. The retrospective study 
design allowed us to report associations between DOAC 
and perioperative outcomes, yet causality cannot be proven. 
For example, we cannot exclude the risk of confounding 
by comorbidity when it comes to the choice of anaesthesia 
and surgical delay. Due to the abovementioned weaknesses 
of our study, we request future prospective clinical trials 
targeting hip fracture patients exposed for DOACs and the 
consequences of fast track surgery versus surgery timed after 
drug excretion. Further, we acknowledge a need for further 
studies structurally targeting wound assessment and wound 
ooze for DOAC-users suffering a hip fracture.
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Conclusion

In our cohort of 314 hip fracture patients DOAC-users did 
not have increased surgical delay, LOS or risk of reported 
bleeding complications compared to patients without anti-
coagulation prior to surgery. Our study does not support 
delayed surgery for DOAC-users. The increased surgical 
delay found for DOAC-users operated with neuraxial anaes-
thesia compared to general anaesthesia should be interpreted 
with caution.
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