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Summary

Objective. The purpose of this study is to compare hospital outcomes in patients being 
treated with NOACs, undergoing fixation of hip fracture, compared to patients treated with 
clopidogrel, aspirin, or warfarin.
Methods. We collected data from 370 patients who underwent hip fracture surgery. The 
sample was divided into 4 groups: NOACs, warfarin, clopidogrel/aspirin and not taking an-
ticoagulation. We compared outcome measures including time to surgery, length of stay 
(LOS), transfusion rate, and blood loss.
Results. 363 hip fractures met the inclusion criteria. The total blood loss of group 1 (NOACs) 
was higher compared to the other groups with an increase in the number of red blood cell 
(RBC) transfused units (p < 0.001).The mean total blood loss of NOACs group was higher in 
patients undergoing surgery after 48 hours from admission compared to before 48 hours, 
but not statistically significant (p < 0.483). Group 1 had a time to surgery (p < 0.0005) and 
LOS (p < 0.0005) greater than the other groups.
Conclusions. The time of suspension of NOAC in patients with hip fracture undergoing 
surgery is important. Failure to understand this parameter puts the patient at risk of a longer 
hospital stay and greater total blood loss.
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Introduction

Hip fractures in the elderly population represent a major social and health problem 
of considerable importance. Epidemiological data are different in relation to the ge-
ographical area examined. The incidence varies from 55 to 439/100,000 1,2,. More 
than 250,000 hip fractures are observed annually in the United States 3. The effects 
of increased population life expectancy, and consequent comorbidities, suggest an 
increase in the number of hip fracture cases. Different risk factors can be associated 
with hip fractures and influence their epidemiological data. Age and gender are 
certainly among the most significant risk factors. Hip fractures are more frequent 
in elderly people with partial dependence on ADL (Activities of daily living) and 
cognitive impairment  4. 1-month mortality ranges from 5 to 10%  5. Female are 
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more affected 4, although males seems to be affected by higher 
mortality 6.
The data available in the literature suggest that hip fractures are 
associated with high costs of hospitalization and rehabilitation.
Surgery remains the gold standard of treatment in hip fracture 
patients and the orthopedic surgeon determines the most ap-
propriate treatment. The timing of surgical treatment (Time to 
surgery) can influence the outcome. It has been consolidated 
for years that early treatment within 48 hours allows for earlier 
mobilization and rehabilitation 7.
Many elderly patients with hip fractures, however, have several 
comorbidities, among which the most frequent are cardiovas-
cular disease that require treatment with anticoagulants and 
can lead to delayed surgery 8.
 The clinical outcome is generally poor with a one-year mortal-
ity of around 36% 9.
Anticoagulation with warfarin translates into an increase in 
the “International normalized ratio (INR)”. In these patients, 
surgery must be postponed until the INR value is not less than 
1.5. Discontinuation of drug treatment with warfarin is recom-
mended, combined with the administration of vitamin K, to 
allow surgery to be anticipated 10.
Warfarin therapy is associated with a delayed onset of action, 
numerous drug interactions with other drugs or foods, a narrow 
therapeutic window, unpredictable response, and need for fre-
quent monitoring of coagulation 11.
In recent years, the panorama of anticoagulant therapy has 
been revolutionized by the appearance of non-vitamin K inhib-
iting drugs: new oral anticoagulants (NOACs).
NOACs have high levels of efficacy and safety and their clin-
ical use is increasing 12. NOACs have been shown to be equal 
or better to VKA (vitamin K antagonists) for prophylaxis and 
treatment of thromboembolic events. They have been associ-
ated with fewer major bleeds, especially in terms of safety, 
including intracranial hemorrhage, thus providing a superior 
benefit for stroke prevention in patients with atrial fibrilla-
tion 15. NOACs can be prescribed with a fixed dose and offer 
the advantage of not requiring periodic checks of anticoagulant 
activity. Limitations, despite these advantages, remain with 
NOACs: their dependence on renal and hepatic function for 
their clearance 14.
The characteristics of oral administration, simple dosage with-
out a necessary monitoring, short half-life, uncomplicated 
switching or bridging and proven safety outweigh the disad-
vantages, make NOACs a valid option for short- or long-term 
anticoagulation.
The lack of laboratory monitoring is certainly one of the 
strengths of these drugs 15.
The purpose of the present study is to compare the outcomes 
of surgical treatment in patients hospitalized with hip fracture, 
both intracapsular and extracapsular, treated with NOACs, 
compared to patients treated with drug with warfarin, aspirin, 
and clopidogrel. In particular, we analyzed the time to surgery, 

length of stay, total blood loss, and number of transfused red 
blood cell units, to understand if these parameters are influ-
enced by the laboratory blood value of the NOAC at the time 
of surgery (laboratory cut-off below the threshold blood value 
or above).

Materials and methods

In this retrospective cohort study, data were collected from 370 
patients who underwent surgery for hip fracture in the period 
from 01/01/16 to 09/30/2019 at the Orthopedics and Trauma-
tology department of the University Hospital S. Orsola Mal-
pighi in Bologna, Italy.
The fracture patterns included were: intracapsular femoral neck 
fracture, trochanteric fracture, and subtrochanteric fracture.
Retrospective analysis excluded patients with pathological 
fractures (bone metastases, Paget’s disease) or secondary to 
major trauma and patients with coagulation diseases (liver dis-
ease, hemophilia, Von Willebrand syndrome).
Patients who received conservative treatment were excluded 
from the analysis.
In accordance with the therapeutic diagnostic path of the pa-
tient with hip fracture at the time of admission, the following 
data were collected: age, sex, weight, height, BMI (body mass 
index), type of fracture, drug treatment with antiplatelet thera-
py (aspirin, clopidogrel) or anticoagulant (warfarin or NOACs).
The severity of comorbidities was quantified using the Charl-
son Comorbidity Index.
Cognitive status was assessed through the Short Portable Men-
tal Status Questionnaire (SPMSQ).
The functional status of the patient referred to the pre-fracture 
period was measured using the Score Standardized Audit of 
Hip Fracture in Europe (SAHFE) and disability using the Ac-
tivities of Daily Living (ADL) score and Barthel scale.
The following data were collected during the hospital stay: 
date of admission and surgery, type of surgery performed (in-
tramedullary nail osteosynthesis, hemiarthroplasty, total hip 
arthroplasty or osteosynthesis with plate and screws), classifi-
cation of American Society of Anesthesiologists (ASA) score, 
hemoglobin value (Hb) the first day of hospitalization, Hb val-
ue on the first postoperative day, Hb value on the fourth postop-
erative day, number of transfused red blood cells (RBC) units 
during hospitalization.
Data relating to the time elapsed between entry (defined since 
arrival in the emergency department) and surgical intervention 
(Time to surgery). We also analyzed the length of stay (LOS), 
defined as the time spent from hospitalization to discharge.
The data on bleeding complications were collected from the 
notes of the clinical diary during the hospital stay and included 
the following 4 groups: rectorrhagia or melena, hematemesis, 
hemorrhagic stroke, blood loss from the surgical wound.
The amount of blood loss during the postoperative period was 
calculated by the method of Good et al. 16.
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We then divided the sample into 4 groups: patients taking 
NOACs (group  1), warfarin (group  2), clopidogrel or ASA 
(group 3) and patients taking none of the previous medications 
(group 4).
Group 1 patients were further divided into two sub-categories 
based on the laboratory value of the drug at the time of surgery: 
subgroup 1, if the blood level of the drug is below the thresh-
old value; subgroup 2, if it is above. Cut-off values have been 
indicated by the Laboratory of CBC and Clinical Chemistry of 
our Institute.

Statistical analysis

Descriptive and demographic analysis was carried out using 
Microsoft Excel.
All data were treated confidentially. Patients were identified in 
the database through their initials and date of birth. Informed 
consent was obtained with the patient when cognitively intact 
or with family members if the patient had cognitive impair-
ment. In statistical analysis, continuous data are reported as 
mean ± standard deviation (SD) and categorical data as fre-
quencies (%). The categorical variables were compared using 
contingency tables with a χ² test according to Pearson or the 
Fisher’s exact test.
The continuous variables were compared with parametric tests 
such as the Student Test (t-test) or with the Fisher Test f.
The analysis of the continuous variables of the 2 subcategories 
of group 1 (NOACs) were compared with non-parametric tests 
(Mann Whitney).
A value of p < 0.05 was considered to be statistically significant.
Statistical processing was performed using SPSS 26.0 software 
(SPSS® inc., Chicago, IL, USA) for Windows® 10 (Microsoft 
Corp.).

Results

363 (98.10%) of 370 patients with hip fracture analyzed met 
the inclusion criteria; 78 males (21.49%) and 285 females 
(78.51%). The average age of the population was 85.95 years 
+/- 5.63. The median was 86.0 years.
The data relating to the BMI (Body mass Index), Barthel index, 
Charlson index, SAHFE score, ASA, ADL in the groups are 
summarized in Table I.
At the time of admission, 162 patients had an intracapsular 
neck fracture (44.62%), 190 a trochanteric fracture (52.34%), 
and 11 a fracture classified as subtrochanteric (3.03%) (Tab. II).
Group 1 was composed of 43 patients (11.8%), group 2 48 pa-
tients (13.2%), group 3 117 patients (32.2%), and group 4 155 
patients (42.7%).
Comparing the 4 groups with each other, we found no statisti-
cally significant differences in mean age, BMI, Barthel Index, 
or ADL (p < 0.5).

In group 1 (NOACs), 26 (60.47%) patients were being treated 
with Apixaban, 11 (25.58%) with Edoxaban, and 6 (13.95%) 
with rivaroxaban.
Total blood loss was higher in patients undergoing surgery 
with intramedullary nail osteosynthesis (928 ml) followed by 
hemiarthroplasty (882 ml), total hip arthroplasty (529 ml) and 
osteosynthesis with plate / screws (136 ml) (Tab. II).
Furthermore, blood loss and number of transfused RBC trans-
fused units were higher in group 1 (NOACs) than in the other 
groups (p < 0.001) (Tab. III). The difference in total blood loss 
was more evident between group 1 and group 4 (p < 0.0005). 
Of the 43 patients taking NOACs, at the time of surgery 19 
(44.18%) had the laboratory value of the drug below the thresh-
old value (subgroup 1); the remaining 23 patients (55.82%) 
were above the threshold value (subgroup 2).
Subgroup 2 showed a greater blood loss than subgroup 1 (p 
<  0.017), but there were no significant differences in terms 
RBC transfused units between the two subgroups (p < 0.14). 
Regarding the onset of major bleeding complications, there 
were 8 significant episodes, 4 of which occurred in group 1 
and 4 in group 4 (p < 0.08).Patients in group 1 (NOACs) had 
longer time to surgery than the other groups with an average of 
67.12 hours (p < 0.0005).
Group 1 patients who underwent surgery after 48 hours showed 
an average blood loss of 243.07 ml higher than patients in the 
same group undergoing surgery before 48 hours, but this dif-
ference was not significant (p < 0.315).
A major blood loss, not statistically significant, was also found 
in patients undergoing surgery after 48 hours in group 2 (p 
< 0.082), group 3 (p < 0.400), and group 4 (p < 0.088).
The length of stay (LOS) was greater in group 1 with an aver-
age of 15.58 days (p < 0.0005).

Discussion

Hip fractures represent a major health problem. Often these pa-
tients present multiple comorbidities, and multi-drug treatment 
can lead to difficult preoperative and postoperative manage-
ment. These comorbidities often require treatment with antico-

Table I. Sample description, average of BMI, Barthel in-
dex, Charlson index, SAHFE Score (Standardized Audit 
of Hip Fracture in Europe), and ADL (Activities of daily 
living) in the statistical sample.
Parameter Value (medium)
BMI 23.58
Barthel index 73.93
Charlson index 6.11
SAHFE score 1.93
ADL 4.27
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agulant therapy. Different types of anticoagulants, as explained 
in this study, can be used.
From some years, the panorama of anticoagulant therapy has 
been changing with the appearance of anticoagulant drugs that 
do not inhibit vitamin K, namely NOACs.
An important advantage, compared to warfarin, is the wide 

pharmacokinetic and pharmacodynamic predictivity which 
does not make evaluation of coagulation more necessary than 
with warfarin.
Some studies in the literature have shown different advantages 
of NOACs over warfarin in reducing the risk of osteoporosis 17. 
This would make these drugs very suitable for use in the el-

Table II. Mean total blood loss (ml) according to type of surgery performed.
Hemiarthroplasty Intramedullary 

nail
Plate and 

screws
Total hip 

arthroplasty
Medium total blood loss for type of 
surgery (ml)

882.74 928.31 136.74 539.73

Table III. Sample description for patients not taking anticoagulation therapy, and those on NOAC, warfarin, or clopi-
dogrel/aspirin therapy.
Measure No 

anticoagulation
On NOACs On warfarin On clopidogrel /

ASA
Total

No. patients (%) 155 (42.70) 43 (11.80) 48 (13.20) 117 (32.20) 363 (100)
Type of fracture, number (%)
Intracapsular neck fracture 67 20 19 56 162 (44.62)
Trochanteric fracture 82 23 27 58 190 (52.34)
Subtrochanteric fracture 6 0 2 3 11 (3.03)
Type of surgery
Hemiarthroplasty 52 20 14 53 139
Intramedullary nail 87 23 27 60 197
Plate and screws 8 0 2 2 12
Total hip arthroplasty 8 0 5 2 15
ASA score, number*
5 0 0 0 0 0
4 8 6 7 16 37
3 127 36 38 91 292
2 16 1 2 8 27
1 0 0 0 0 0
Time to surgery
> 48 ore 10 19 11 13 53
< 48 ore 145 24 37 104 310
Time to surgery, 
mean (days)

1.59 2.67 1.72 1.60 1.74

Length of stay (days) 11.64 15.58 11.92 11.41 12.07
Total blood loss, 
mean (ml)

757.98 1339.23 800.56 879.41 868.35

RBC transfused units, 
mean

0.97 1.93 1.13 1.26 1.19
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derly population which is, on average, more prone to risk of 
frailty fractures.
Several studies have also shown that NOACs have a safety and 
efficacy profile equal to or greater than warfarin, especially for 
treatment of atrial fibrillation and venous thromboembolism 18.
Some recent studies, thanks to these characteristics, have ana-
lyzed its effectiveness in postoperative thromboprophylaxis in 
total hip arthroplasty 19.
The short half-life, rapid disappearance of action, and foresee-
able anticoagulant effect without the need for laboratory mon-
itoring were strengths for their entry into the market 18. Some 
problems, however, have been encountered in clinical-surgical 
practice with their use.
The use of these drugs should be avoided in the presence of 
valvulopathies as in the case of mitral valve stenosis. In the 
literature, however, there are conflicting data about their use in 
patients with liver and kidney organ failure 20.
NOACss, with the exception of dabigatran 21, do not have an 
effective antidote available within the National Health Service 
to be used in case of bleeding or overdose. This can increase 
surgical risk.
Despite the advantages deriving from the use of NOACs, pre-
cisely for these latter considerations the anticoagulant drug of 
choice today for many patients remains warfarin.
The guidelines of the European Heart Rhythm Association in 
March 2018 give precise indications on the modality of sus-
pension of the NOACs in elective surgical interventions, while 
there are still no shared indications on the time to surgery in 
urgent and deferrable surgeries such as hip fractures 22.
Knowing exactly the time to surgery in a patient taking NOACs is 
of fundamental importance, since the outcome may depend on this.
The ability also to reverse NOACs in patients with hip frac-
tures requiring surgery is definitely important. This is, at the 
moment, one of the main problems inherent with the use of 
NOACs and in the literature there are several studies in this 
regard such as the use of dialysis or infusion of prothrombin 
complex concentrate (PCC) and fresh frozen plasma, all with 
unsatisfactory results 23. The suspension period of NOACs de-
pends on the molecule and renal function.
The withdrawal period of the drug, as indicated by the guide-
lines of the European Hearth Rhythm association (EHRA), to 
reduce the risk of bleeding, should be equal to or greater than 
48 hours.
In our study, we found that when controlling for age, gender, 
ASA, and type of fracture, patients taking NOACs have more 
blood loss than the no anticoagulation group, clopidogrel, and 
warfarin.
The most represented drug, in group 1, in our study was Apix-
aban (60.47%), followed by Edoxaban (25.58%) and Rivarox-
aban (13.95%).
This result can be explained by the higher incidence of renal 
failure in frail elderly patients since Apixaban has a lower renal 
elimination.

We did not find a difference in postoperative blood loss be-
tween the group of patients being treated with clopidogrel or 
warfarin. We found a significant increase of transfused RBC 
units between the NOAC and other groups.
Although the NOACs subgroup 2 lost an average of 611.04 ml 
more blood than the subgroup 1, this difference was not sta-
tistically significant in terms of transfused RBC units. NOAC 
patients in both subgroups 1 and 2 showed more blood loss 
than the other groups (p < 0.019 and p < 0.017, respectively).
The data seems to confirm that patients on NOACs show more 
blood loss regardless of the serum level of the drug, even if a 
greater number of postoperative bleeding complications in the 
NOAC group was not observed compared to the no anticoagu-
lation group (p < 0.086), and did not affect outcomes.
NOACs can, therefore, be responsible for a potential delay in 
time to surgery and longer length of stay, and therefore with 
possible influence on outcomes.
The results in the literature regarding the time to surgery and 
length of stay in patients treated with anticoagulants differ 24,.
In our study, the NOAC group presented an average length of 
hospital stay and time to surgery that were higher than the oth-
er groups, as reported in literature 25.
Patients treated with NOACs who underwent surgery after 48 
hours had, on average, more blood loss than patients operated 
before 48 hours. This data is in accordance with the guidelines 
of the European Hearth Rhythm Association, confirming the 
indication to wait at least or more than 48 hours from the sus-
pension of the NOACs before undergoing surgery with a high 
risk of bleeding.
Waiting at least 48 hours, therefore, represents an advantage 
in terms of total blood loss. Surgery should only be performed 
when the laboratory value of the NOACs is below the threshold 
blood value or in any case very close to it.
This study certainly has some limitations. Although 90.8% of 
patients with hip fractures underwent surgery within 48 hours, 
we do not know how to define, in each individual patient of the 
remaining 9.2%, all the reasons for the delay in surgery. An-
other limitation is that the clinical data collection comes from a 
single hospital center, although this University Hospital Center 
includes an orthopedics department, a geriatric referral center 
and a primary level of trauma center.
The third limitation is the small number of patients on NOACs. 
Finally, socio-economic factors that may have influenced fac-
tors such as length of stay were not analyzed.

Conclusions 

This study emphasizes the importance of achieving the thresh-
old blood value of NOACs at the time of surgery and the im-
portance of the period of suspension of these drugs in patients 
undergoing urgent or deferrable surgery such as hip fractures. 
It is thus important that the team managing these patients con-
siders that there may be differences in treatment between pa-
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tients receiving NOACs and patients receiving other oral anti-
coagulants, and these differences may influence the patient’s 
final outcome.
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