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Is tranexamic acid for patients with hip 
fracture safe? A consecutive cohort study 
based on complete follow-up in national 
databases 
 

Abstract 
Aim 

To assess the safety of TXA in a large hip fracture cohort in patients above 65 years with focus on 

transfusion proportion, mortality and thromboembolic event  

Method 

This is a consecutive cohort study with prospectively collected data retrieved from registers. Patients with a 

hip fracture in the Region of Southern Denmark were included over a 2-year time period with the first year 

constituting a control group. In the second year, perioperative TXA was introduced as an intervention. 

Outcome was transfusion frequency, 30-day and 90-day mortality and thromboembolic events. The latter 

was defined as any diagnosis or death due to arterial or venous thrombosis. All results are for relative risk 

(RR) and hazard ratio (HR) given with a 95% confidence interval. 

Results 

A total of 3,097 patients were included, 1,558 in the control group and 1,539 in the TXA group. There were 

30.9% transfusions in the control group compared to 27.0% in the TXA group yielding an adjusted RR of 

0.83 (0.75;0.91). TXA was not associated with increased 30-day mortality with an adjusted HR of 1.10 

(0.88;1.39) compared to the control group as well as no association with increased risk of 90-day mortality 

with a per protocol adjusted HR of 1.24 (0.93;1.66). TXA was associated with less risk of thromboembolic 

events after 30-days (RR 0.63 (0.42;0.93)) and 90-days (RR 0.72 (0.52;0.99)). A subanalysis on haemoglobin 



demonstrated a median (interquartile range) 1.10 g/dl (0.90) decrease in the control group compared to 

1.10 g/dl (1.00) in the per protocol TXA group (p=0.09 on group level difference). 

Conclusion 

TXA for patients with a hip fracture was not associated with risk of mortality but was associated with lower 

transfusion proportion and thromboembolic events. Thus, we can conclude that TXA is safe in this patient 

group. 

• Tranexamic acid is not associated with risk of mortality 

• Tranexamic acid is associated with less thromboembolic events 

• Tranexamic acis is safe in hip fracture patients 

Introduction 

Postoperative blood transfusion is often required after hip fracture surgery but due to complications after 

transfusion, a restrictive postoperative transfusion threshold is recommended. 1 A restrictive transfusion 

threshold lowers the postoperative transfusion proportion but it is still 11-45% in the patients undergoing 

hip fracture surgery. 1 Another way of reducing the transfusion could be by the use of tranexamic acid 

(TXA). 

TXA is a simple and inexpensive pharmacological agent that interferes with fibrinolysis by reversible 

blockade of lysine binding sites on plasminogen molecules, therefore reducing the conversion of 

plasminogen to plasmin and thereby preventing clot dissolution. 2 Several studies have demonstrated a 

reduction in transfusion frequency from 54% to 36% as well as a decline in the postoperative hemoglobin in 

hip fracture patients receiving TXA. 3, 4 There was no difference in thromboembolic events but the data was 

limited since there was less than 40 events in over 900 included patients. 3, 4 Thromboembolic event is an 

issue since TXA prevents clot dissolution and thereby could induce thromboembolic events in hip fracture 

patients. There is a need of large sample studies to investigate the safety of TXA use. 



The purpose of the present study was to assess the safety of TXA in a large hip fracture cohort in patients 

above 65 years with focus on transfusion proportion, mortality and thromboembolic event. 

Method 

Study design 

This is a consecutive cohort study with prospectively collected data retrieved from registers. Patients with a 

hip fracture were included over a 2-year time period with the first year (October 1st 2015 – September 30th 

2016) constituting a control group. This data has previously been published as a restrictive transfusion 

group. 5 In the second year (October 1st 2016 - September 30th 2017), TXA was introduced as a 

perioperative intervention. The study was approved by the Danish Data Protection Agency (case number 

16/10091) and the Danish Patient Safety Authority (case number 3-3013-1709/1/). Reporting of data is 

performed according to the RECORD extension to the STROBE guidelines. 6  

Setting 

The present study was performed in four independent public hospitals in the Region of Southern Denmark 

(1.22 million inhabitants). All acute hip fracture patients in this region are admitted to one of these four 

hospitals since the Danish National Health Service provides tax-supported free healthcare and general 

hospital care for all Danish citizens. 7 There are therefore no acute hip fracture patients being admitted to 

the few private hospitals in the region and therefore it is a complete and consecutive cohort.  

TXA was introduced as a treatment guideline on all four hospitals on October 1st 2016. All patients should 

receive 1 gram intravenously (iv.) just before surgery unless the patient had an active thromboembolic 

disease (deep vein thrombosis, lung embolism, cerebral stroke, myocardial infarction etc.), chronic 

subarachnoid haemorrhage, severe decreased kidney function (eGFR<30), convulsions or disseminated 

intravascular coagulation. For per protocol analysis, hospital patient journals were reviewed for the 

intervention period to assess which patients received TXA and include only them to a subanalysis. 



Participants 

The Danish Multidisciplinary Registry of Hip Fracture database was used to identify the study population. 8 

This included all patients admitted with a hip fracture (ICD-10 codes DS720, DS721, and DS722) to one of 

the four public hospitals in the Southern Region of Denmark. Procedure codes 9 was used to categorize the 

type of surgery as: cannulated screws, sliding hip screw, intramedullary nail, and hip arthroplasty. 

Variables 

Participant information for age, sex, body mass index (BMI), Charlson comorbidity index (CCI), 10 time to 

surgery and death were retrieved from the Danish Multidisciplinary Registry of Hip Fractures. The CCI is 

calculated by using diagnoses reported to the Danish National Patient Register up to 10 years prior to a hip 

fracture operation. All diagnoses used for the CCI have previously been validated. 11 Patient data regarding 

haemoglobin was retrieved from the department of Clinical Biochemistry and Pharmacology at the Odense 

University Hospital, which is able to retrieve data from the whole region. Data regarding transfusion with 

red blood cells (RBC) was retrieved from the Danish Transfusion Database. 12 Data on patient medication 

before the hip fracture within 100 days prior to admission to hospital, was retrieved from the Odense 

Pharmacoepidemiological Database, 13 which contains individual records on all re-imbursed medication . 

Data on thromboembolic events was retrieved from the Danish National Patient Register using the 

following ICD-10 diagnosis codes: DI80, DI81, DI82, DT817C, DI26, DI63, DI64, DI74, and DI21. 

Data sources 

The Danish Multidisciplinary Registry of Hip Fractures is a population-based clinical quality database 

established in 2003 and includes data on all hip fracture patients aged 65 or older provided they undergo 

surgery during the same hospital stay. 8 Patients with the hip fracture diagnosis who were not undergoing 

surgery were not included. Standardized reporting for hip fracture patients is mandatory for all hospital 

units as part of the national quality assurance system. 14 This includes pre-, peri- and postoperative data on 

function and surgery provided. The Danish Multidisciplinary Registry of Hip Fractures has high validity for 



diagnosis and procedure codes with positive predictive values above 90%. 15 The data are prospectively 

recorded in the standard patient journal and reported to the Data are retrieved from the Danish National 

Patient Registry, which contains data for all hospital admissions since 1977. 16 This includes ICD-10 

diagnoses since 1994 and surgical procedure codes according to the Nordic Medico-Statistical Committee 

(NOMESCO) classification. 9 The completeness of the Danish National Patient Registry have been 

demonstrated to be 99.7%. 16 The Danish Civil Registration System database contains information on 

changes in vital status (e.g. death, new civil registration number, lost, no residence) and migration for the 

entire Danish population dating back to 1968 7 and provided vital status for each patient at 30 and 90 days 

after the fracture incident. 

The Danish Transfusion Database is a population-based clinical quality database maintained since 2006 and 

linked to the Danish National Patient Registry. The Danish Transfusion Database contains data from blood 

bank registries, patient administrative systems, and clinical-biochemical registries and therefore data from 

all hospitals in Denmark.  

The Odense Pharmacoepidemiological Database is a region-specific prescription database, which covers all 

inhabitants in the Region of Southern Denmark since 2007. The Odense Pharmacoepidemiological Database 

contains data for any drug prescription written by hospital staff or general practitioners. However, drug 

records do not include benzodiazepines, other hypnotics, drugs used to promote weight loss or tobacco 

abstinence, oral contraceptives, certain antibiotics (e.g. quinolones, tetracyclines) and those drugs that are 

dispensed over the counter, e.g. vitamins. 

Quantitative variables 

Age was categorized as 65–74, 75–84 and ≥85 years old. Three comorbidity levels were defined: None: 

patients with no previous record of diseases included in the CCI; Low: patients with 1 to 2 diseases included 

in the CCI; and High: 3 or more diseases included in the CCI. Pharmacotherapy use was categorized using 

dichotomous values (yes/no) for NSAID, diabetes, anticoagulant, antihypertensive, glucocorticoid, 



antidepressants, and COPD medicine. Thromboembolic events was defined as yes/no for having one of the 

predefined ICD-10 codes as well as recorded death due to embolism or stroke. 

Safety 

Every third month during the study data was analysed to assess any increased mortality. A safety was set as 

a hazard ratio difference of 0.1 for mortality. The estimated sample size for Cox proportional hazard 

regression was therefore 3,140 patients when using alpha 0.05 and power 0.80. 

Statistics  

We described the study population according to the distribution of patients’ characteristics, tabulating the 

numbers and percentages of patients. Mortality at 30 and 90 days was graphical displayed using unadjusted 

Kaplan–Meier curve. Regression for the relative risks (RR) for transfusion frequency and thromboembolic 

events was done using a Poisson model with adjustment of the standard errors as proposed by Lumley et 

al. 17 Survival analysis for mortality expressed as hazard ratios (HR) was conducted using a Cox Proportional 

Hazards model with a time dependent group effect that allows for different hazard ratios for each time 

period (i.e. with time cuts at 30 and 90 days). Proportional hazards assumption was assessed and was not 

violated. All patients were followed until death, emigration or end of the follow-up period. We adjusted 

models for age (i.e. 65–74; 75–84, ≥85 years), sex (F/M), CCI (i.e. 0, 1–2, ≥3) and type of surgery (e.g. 

cannulated screws, sliding hip screw, intramedullary nail, and hip arthroplasty), type of fracture, time to 

surgery, prescription medicine, and BMI. Missing data were imputed by chained equations (MICE) with 30 

imputations. The imputation was based on multinomial and logistic models depending on the type of 

variable to be imputed. All outcomes were estimated with a 95% confidence interval (CI). We performed 

intention to treat analysis using year 1 as a control group and year 2 as the intervention group (TXA) as well 

as per protocol analysis for patients receiving TXA by health care chart review. Subanalysis on haemoglobin 

decrease was performed by excluding patients with a perioperative increase in haemoglobin as it was due 

to perioperatively blood transfusion. The data for subanalysis was not normal distributed and a Wilcoxon 



rank-sum test was used for comparison. The analyses were performed with the statistical analyses software 

R version 3.5.1. The R packages for the survival analyses and imputation were survival, mice, miceadds, and 

mix. 18-21 

Data access, linkage and cleaning methods 

The authors had complete access to aggregated data from the Danish Multidisciplinary Registry of Hip 

Fractures, Danish Transfusion Database and Odense Pharmacoepidemiological Database. The civil 

registration system contains data for individual unique and unchangeable civil registration numbers, which 

are assigned to all Danish citizens at date of birth or immigration. The civil registration number is recorded 

in all Danish registers, which allows for unambiguous linkage between registers on an individual basis. 

Furthermore, the civil registration systems hold information on date of birth, sex, emigration, and death. 

The prevalence of disappearing persons is 0.3%, which allows for almost complete follow-up for all 

patients. 7 

Results 
In this study 3,097 patients were included, 1,558 in the control group and 1,539 in the TXA group. There 

were clinical relevant differences between the two groups. There were 43% patients above 85 years old, 

68% were female, 22% with a high comorbidity level, and 48% with a normal BMI (Table 1). There were 

41% with anticoagulant treatment, 56% femoral neck fractures, 36% arthroplasty surgeries, and 69% had 

surgery within 24 hours.  

The health care journal review (per protocol analysis) for TXA administration revealed that 67% had 

received TXA (Table 2) which differed during the intervention period (Fig. 2). There were no major 

differences between patients receiving TXA or not in the TXA group concerning age, sex, BMI, prescription 

medicine or type of fracture. However, the non-receiving TXA group had higher comorbidity levels, more 

cannulated screws and less arthroplasty as well as a bit longer time to surgery. 



There were 31% transfusions in the control group compared to 27% in the TXA group (intention to treat 

analysis) yielding an adjusted RR of 0.83 (0.75;0.91) (Table 3). The per protocol analysis showed a higher 

reduction to 24% transfusions with a RR of 0.79 (0.69;0.90).  

The TXA group was not associated with increased 30-day mortality (Fig. 1) in neither the intention to treat 

analysis with an adjusted HR of 1.10 (0.88;1.39) or the per protocol analysis a HR of 0.84 (0.65;1.08) 

compared to the control group. Likewise, we found no association with 90-day mortality for TXA with a HR 

of 1.32 (1.00;1.75) in the intention to treat analysis and 1.24 (0.93;1.66) in the per protocol analysis 

compared to the control group.  

TXA was associated with less risk of thromboembolic events after 30-days with a RR of 0.63 (0.42;0.93) and 

0.72 (0.52;0.99) after 90 days (Table 3). The per protocol analyses showed similar results. 

In order to estimate change in haemoglobin, a subanalysis was performed on the decrease from admission 

to the first postoperative measurement (haemoglobin increase omitted due to transfusion). The median 

(interquartile range) for the haemoglobin decrease was 1.10 g/dl (0.90) in the control group and 1.10 g/dl 

(1.00) in the per protocol TXA group yielding no statistical difference (p<0.09 on group level difference) 

(Table 4). 

Discussion 

Our results show that the transfusion was lowered with 4 percentage points in the TXA group and 7 

percentage points in the per protocol analysis with no association of increased risk in 30-day or 90-day 

mortality. In addition, TXA was associated with a lower risk of thromboembolic events at 30 and 90 days. 

Due to the pharmacological processes of TXA we have focused on increased risk associated thrombo-

embolic events.  TXA reduces the conversion of plasminogen to plasmin and therefore prevents clot 

dissolution that theoretically can lead to thrombosis.  

In comparison to our study, other studies on TXA have demonstrated cases with a variety of adverse 

reactions including thrombosis/embolisms. 22 However, they concluded that the number of reported cases 



was very low with only 5 cases for thromboembolic events of which none was due to a single dose of TXA. 

This correspondence well with large cohort studies on hip arthroplasties which have not shown any 

difference in thromboembolic events using TXA or not. 23-26 The CRASH-2 trial 27 showed fewer vascular 

occlusive deaths with TXA and a significant reduction in fatal and non-fatal myocardial infarctions. This has 

made Godier et al. 28 to hypothesize that TXA might have an anti-inflammatory effect by inhibiting the 

inflammatory effects of plasminogen and plasmin. In addition, TXA might also have anti-thrombotic effect 

as plasmin can cause platelet activation. 29 This could be an explanation to the lower risk of 

thromboembolic events found in the present study. However, it could also be due to the lower transfusion 

proportion as some studies have linked red blood cell transfusion and increased risk of thrombotic events. 

30, 31 The results for thromboembolic events are marginal as the confidence interval contains 1.00 and 1.03 

for the per protocol results (Table 3). However, the RR does not change compared to the intention to treat 

analyses, only the confidence interval widens a little and we therefore interpret the results as significant. In 

comparison, the 90-day mortality analyses demonstrate marginal significant HR in the intention to treat 

analysis but the results changes with almost 10% and the per protocol results are therefore more relevant 

demonstrating no difference in 30-day or 90-day mortality. 

Our study demonstrated that TXA lowers the transfusion frequency which is equivalent with the current 

literature. 3 Regarding haemoglobin, other studies have found a decrease in the TXA group with a mean 

difference of 1.14 g/dL. 4 We could not replicate these findings and did find any difference in the 

haemoglobin decrease between receiving TXA or not. Even though we find a lower transfusion percentage 

in the TXA group, the lack of a smaller haemoglobin decrease in the TXA group is troubling. This could 

indicate that the decrease is due to a change in indication for blood transfusion but we shifted the 

indication from a liberal to a restrictive limit on a previous cohort. 5 However, the effect of this shift could 

perhaps influence the results of this study. 



The study had several limitations. There is a limitation in introducing TXA in cohort over a period of time as 

this introduces the possibility of bias. This could influence the mortality as the mortality due to a well-

known decreasing mortality in hip fracture patients. 32 However, we do not believe that this secular trend is 

a major limitation as it was a small reduction over 34 years. We introduced a restricted transfusion 

guideline previous to this study 5 but we cannot rule out an increasing coherency to the guideline thereby 

introducing a possible bias. We do not believe this is a major limitation, as TXA had no impact on the 

hemoglobin level. Another limitation is that we do not have records on the severity of the thromboembolic 

events.  

The strengths of the study are that we have included a whole regional population of Denmark comprising 

about 20% of the country. Moreover, we have used well-validated database with prospectively collected 

data. Furthermore, we have complete follow-up in the cohort including national data on outcomes. 7, 16 

Conclusion 

TXA for patients with a hip fracture was not associated with risk of mortality but was associated with lower 

transfusion proportion and thromboembolic events. Thus, we can conclude that TXA is safe in this patient 

group.  
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Table 1 Demographic data of the study population and divided by the two cohorts  

 Study population  Control group TXA group 
 n % n % n % 
Total 3,097 100 1,558 100 1,539 100 
Age       
 65-74 623 20 303 19 320 21 
 75-84 1,146 37 568 36 578 37 
 ≥85 1,328 43 687 44 641 42 
Sex       
 Female 2,095 68 1,049 67 1,046 68 
 Male 1,002 32 509 33 493 32 
Comorbidity level       
 None (0) 1,130 37 537 34 593 39 
 Low (1-2) 1,272 41 662 42 610 40 
 High (≥3) 695 22 359 23 336 22 
BMI       
 <18.5 286 9 142 9 144 9 
 18.5-24.9 1,471 48 749 48 722 47 
 25-29.9 803 26 425 27 378 25 
 ≥30 257 8 131 8 126 8 
 Missing 280 9 111 7 169 11 
Prescription medicin       
 NSAID 170 5 93 6 77 5 
 Diabetes 323 10 180 12 143 9 
 Anticoagulant 1,260 41 633 41 627 41 
 Antihypertensive 1,137 37 559 36 578 37 
 Glucocorticoid 179 6 91 6 88 6 
 Depression medicine 858 28 453 29 405 26 
 COPD medicine 463 15 208 13 255 17 
Type of fracture       
 Femoral neck 1,722 56 892 57 830 54 
 Pertrochanteric 1,073 35 522 34 551 36 
 Subtrochanteric 302 10 144 9 158 10 
Type of surgery       
 Cannulated screws 353 11 190 12 163 11 
 Sliding hip screw 561 18 296 19 265 17 
 Intramedullary nail 1,028 33 490 31 538 35 
 Arthroplasty 1,107 36 559 36 548 36 
 Miscellaneous 48 2 23 1 25 2 
Time to surgery       
 <24 hours 2,131 69 1,045 67 1,086 71 
 24-48 hours 683 22 369 24 314 21 

>48 hours 260 8 135 9 125 8 
Missing 23 1 9 1 14 1 

TXA, Tranexamic acid. BMI, Body Mass Index. NSAID, nonsteroidal anti-inflammatory drug. COPD, chronic 
obstructive pulmonal disease 

 



Table 2 Demographic data of the tranexamic acid group by received tranexamic acid or not (per protocol) 

 TXA group  Received TXA Not received TXA 
 n % n % n % 
Total 1,539 100 1,036 67 501 33 
Age       
 65-74 320 21 209 20 111 22 
 75-84 578 37 394 38 183 37 
 ≥85 641 42 433 42 207 41 
Sex       
 Female 1,046 68 704 68 341 68 
 Male 493 32 332 32 160 32 
Comorbidity level       
 None (0) 593 39 433 42 593 32 
 Low (1-2) 610 40 408 39 610 40 
 High (≥3) 336 22 195 19 336 28 
BMI       
 <18.5 144 9 96 9 48 10 
 18.5-24.9 722 47 487 47 234 47 
 25-29.9 378 25 247 24 130 26 
 ≥30 126 8 94 9 32 6 
 Missing 169 11 112 11 57 11 
Prescription medicin       
 NSAID 77 5 46 4 31 6 
 Diabetes 143 9 86 8 56 11 
 Anticoagulant 627 41 412 40 215 43 
 Antihypertensive 578 37 387 37 191 38 
 Glucocorticoid 88 6 50 5 38 8 
 Depression medicine 405 26 264 25 139 28 
 COPD medicine 255 17 158 15 97 19 
Type of fracture       
 Femoral neck 830 54 565 55 265 53 
 Pertrochanteric 551 36 358 35 191 38 
 Subtrochanteric 158 10 113 11 45 9 
Type of surgery       
 Cannulated screws 163 11 79 8 84 17 
 Sliding hip screw 265 17 169 16 96 19 
 Intramedullary nail 538 35 354 34 182 36 
 Arthroplasty 548 36 418 40 130 26 
 Miscellaneous 25 2 16 2 9 2 
Time to surgery       
 <24 hours 1,086 71 750 73 334 67 
 24-48 hours 314 20 201 19 113 23 

>48 hours 125 8 76 7 49 10 
Missing 14 1 9 1 5 1 

TXA, Tranexamic acid. BMI, Body Mass Index. NSAID, nonsteroidal anti-inflammatory drug. COPD, chronic 
obstructive pulmonal disease 

 



Table 3 Outcome concerning transfusion, mortality and thrombosis by group and comparison including per 
protocol analysis 

 Control group ITT TXA group PP TXA group ITT TXA vs control  PP TXA vs control  
 n % n % n % RR/HR* (95% CI) p-value RR/HR* (95% CI) p-value 

Transfusion 477 30.9 405 27.0 243 24.2 0.83 (0.75;0.91) 0.001 0.79 (0.69;0.90) 0.001 
Mortality           
 30-day 147 9.5 152 10.1 84 8.4 1.10 (0.88;1.39) 0.404 0.84 (0.65;1.08) 0.175 
 90-day 241 15.6 253 16.9 153 15.2 1.32 (1.00;1.75) 0.050 1.24 (0.93;1.66) 0.141 
Thromboembolic event        
 30-day 62 4.0 38 2.5 24 2.4 0.63 (0.42;0.93) 0.021 0.63 (0.40;1.00) 0.050 
 90-day 85 5.5 59 3.9 37 3.7 0.72 (0.52;0.99) 0.042 0.71 (0.49;1.03) 0.073 

TXA, tranexamic acid. ITT, intention to treat. PP, per protocol. RR, relative risk. HR, hazard ratio – used in mortality 
analyses. *adjusted for age, comorbidity level, time to surgery, sex, medication, BMI, type of fracture and surgery 
 

  

Table 4 Median haemoglobin level (g/dl) at admission and first postoperative haemoglobin level 
 

All patients Control group PP TXA group 
 

 
Median (IQR) Median (IQR) Median (IQR) p< 

Haemoglobin decrease 1.10 (0.90) 1.10 (0.90)  1.10 (1.00)  0.09 

PP, per protocol. TXA, tranexamic acid. IQR, inter quartile range. 
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