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Low incidence of clinically relevant bleeding complica-
tions after fast-track arthroplasty: a register study of 
8,511 arthroplasties
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Background and purpose — Fast-track total joint 
replacement (TJR) has become increasingly common. Rou-
tine thromboprophylaxis for pulmonary embolism and deep 
venous thrombosis prevention lasts from 2 to 5 weeks. This 
retrospective registry study focused on clinically relevant 
bleeding complications 90 days after fast-track primary TJR.

Patients and methods — All primary fast-track total hip 
(THA) and knee arthroplasties (TKA) performed between 
2015 and 2016 were extracted from the Finnish Arthroplasty 
Register and Finnish Hospital Discharge Register. Type of 
arthroplasty and indication for the operation were combined 
with diagnoses of clinically relevant bleeding complications 
within 90 days of surgery. The incidence of these bleedings 
was the primary outcome measure.

Results — Of the total of 8,511 patients (mean age 67 
years (SD 10); 60% female), 45% underwent unilateral 
THA, 52% unilateral TKA, and 3% bilateral TKA. The inci-
dence of clinically relevant bleeding complications within 
90 days was 1% (95% CI 0.8–1.3). No difference was 
observed in bleeding incidence between the groups. The 87 
bleedings comprised 57 operative site bleedings, 17 gastro-
intestinal bleedings, 6 intracranial non-traumatic bleedings, 
5 bleedings from the nose or another undetermined site, and 
2 intraocular bleedings. 1 death due to intracranial bleeding 
was recorded, and hence clinically relevant bleeding-specific 
90-day mortality was 0.01%.

Interpretation — The incidence of clinically relevant 
bleeding complications was low. However, they cause 
patient discomfort, increase the use of healthcare services, 
and can be life-threatening and even fatal.

Risk factors contributing to postoperative bleedings include 
advanced age, use of non-steroidal anti-inflammatory drugs, 
glucocorticoids, antiplatelet medications, and thrombopro-
phylaxis to prevent venous thromboembolisms (VTE) (1-3).

The incidence of bleeding has been reported to range from 
1% to 3% in arthroplasty patients receiving thromboprophy-
laxis (4,5). Use of thromboprophylaxis provokes and poten-
tially maintains bleeding. Before fast-tracking focusing on 
reducing complications, 15–30% of arthroplasty patients 
experienced VTE (4). Thromboprophylaxis, better surgi-
cal and anesthesia techniques, and earlier mobilization have 
decreased the incidence of VTE to 1% and lower (4,6-8). 

Owing to variation across studies in the definitions of bleed-
ings, it is difficult to compare incidence rates (9). The Euro-
pean Medicines Agency has provided definitions for major 
bleedings for research on the use of VTE prophylaxis in sur-
gical patients. Major bleedings are defined as fatal bleeding, 
major symptomatic bleeding (intracranial, intra- or retroperi-
toneal, intraocular, intramuscular leading to compartment syn-
drome), extra-surgical bleeding causing a decrease in hemo-
globin of at least 20 g/L, bleeding at the operative site leading 
to intervention or delaying rehabilitation or wound healing, 
unexpected or prolonged bleeding, and surgeon-assessed 
bleeding sufficient to cause hemodynamic instability. To be 
classified as major, these bleedings should also cause a fall 
in hemoglobin of at least 20 g/L or require at least 2 units of 
blood transfusion (10,11).

As data on bleeding complications in fast-track total joint 
replacement is scarce, we conducted a retrospective registry 
study using information from the Finnish Arthroplasty Regis-
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ter and Finnish Hospital Discharge Register to determine the 
incidence of clinically relevant bleeding complications related 
to fast-track arthroplasty. 

Patients and methods

This study was a retrospective register-based study of 
unselected consecutive THA and TKA patients operated using 
a fast-track protocol in 3 publicly funded academic hospitals 
in Finland (Kuopio University Hospital, Kuopio; Coxa Hos-
pital for Joint Replacement, Tampere; and Hospital Nova, 
Jyväskylä). During the study period, the catchment area of 
these hospitals contained a population of 1,713,738, or 31% 
of the Finnish population (12).

Fast-track arthroplasty aims at better clinical outcomes, 
fewer complications, and a shorter hospital stay. All patients 
receive preoperative information on the standardized treat-
ment protocol, including opioid-sparing pain relief, early 
mobilization, and discharge criteria. Anesthetic methods 
include low-dose opioid-free spinal anesthesia or total intra-
venous anesthesia, and local anesthesia, which is used intra-
operatively and postoperatively to ensure pain relief. Use of 
catheters and drains is avoided. Patients are mobilized on 
the day of surgery and thromboprophylaxis is started within 
6–8 hours after surgery. Patients are discharged, preferably 
to their home, when the relevant criteria are met (13). In 
Finland, the length of pharmacological thromboprophylaxis 
with low molecular weight heparin or direct oral anticoagu-
lants is 28–35 and 10–14 days for THA and TKA, respec-
tively (14). 

We identified all arthroplasties from the Finnish Arthro-
plasty Registry (FAR) between January 1, 2015, and Decem-
ber 31, 2016. Operations were identified by the NOMESCO 
(15) codes for primary THA: NFB30, NFB40, NFB50, 
NFB60, and NFB99, and for primary TKA: NGB20, NGB30, 
NGB40, and NGB50. Patients under 18 years of age were 
excluded. We included all patients with or without permanent 
anticoagulation. Patient age and sex and the indication for TJA 
were obtained from FAR. 

All the study hospitals had established a fast-track proto-
col by the year 2015. All patients received information on 
the protocol, which was aimed at early discharge home. This 
information included early mobilization, discharge criteria, 
and pain management. Pain management was multimodal and 
local infiltration anesthetic techniques were used with TKA 
patients to avoid excessive opioid use. Multimodal pain man-
agement included combinations of paracetamol, non-steroidal 
anti-inflammatory drugs, COX-2 selective pain medication, 
or gabapentinoids. Surgery was performed under opioid-
free low-dose spinal anesthesia. Intraoperative use of drains 
and catheters was avoided, and intravenous tranexamic acid 
was administered. Discharge to ward after discharge criteria 
from post-anesthesia care unit were met, where patients were 

mobilized on the day of the surgery. Thromboprophylaxis was 
started 6–8 hours after surgery. Patients were discharged home 
as soon as the discharge criteria were met. 

These data were then combined with data from the Finn-
ish Hospital Discharge Register (FHDR) to identify clinically 
relevant non-traumatic bleedings by their ICD-10 diagnosis 
codes, 10th revision (16). These clinically relevant bleedings 
follow the definition of major bleedings published in stud-
ies of thromboprophylaxis in surgical patients (11). Data on 
blood transfusions are not included in this register. Hence, all 
bleedings recorded in the FHDR were assumed to be clinically 
relevant. We also conducted a preliminary survey of all the 
ICD-10 codes recorded in the research population to identify 
all non-traumatic bleedings. 

The FHDR and FAR are both maintained by the National 
Institute for Health and Welfare. It is mandatory for all Finnish 
hospitals to report all surgical procedures to the FHDR. The 
FAR data include all hip and knee implants operated on in Fin-
land from 1980 onwards (17). Dates of death were obtained 
from the Population Information System maintained by the 
Population Register Centre. Causes of death were obtained 
from Statistics Finland.

From this combined data we calculated the length of stay 
(LOS) and the length of uninterrupted institutional care 
(LUIC). LOS was counted as the number of nights in the 
surgical specialty ward of the hospital terminating in either 
discharge home or transfer to another facility. LUIC was cal-
culated as the number of nights spent in care facilities before 
postoperative discharge home. Patients using permanent anti-
coagulation receive reimbursement from the Finnish Social 
Insurance Institution. All patients eligible for compensation 
were identified, to have an idea of the scale of these patients 
among study population. 

Patients were then grouped according to operation type. 
Due to the low number (under 50) of bilateral hip arthroplas-
ties performed under the same anesthesia, these operations 
were excluded from the further analyses. 

Statistics
Descriptive statistics are presented as means (SD), as medians 
(IQR), or as counts (%). Bleeding incidences were estimated 
by an exact 95% confidence interval (CI) based on a Poisson 
distribution. Time-to-event analysis was based on the Kaplan–
Meier failure function. Stata 15.1 (StataCorp LP, College Sta-
tion, TX, USA) was used for the analysis.

Ethics, registration, funding, and potential conflicts of 
interest
Permission for the study was obtained from the National 
Institute for Health and Welfare, the Finnish Social Insurance 
Institution, and Statistics Finland separately. According to 
Finnish legislation, ethical permission was not required to per-
form this registry study. AM received a grant from the Finnish 
Medical Research Foundation and from the Finnish Arthro-
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plasty Society to conduct this study. No conflicts of interest 
were declared. 

Results

Between 2015 and 2016, 8 511 fast-track arthroplasty opera-
tions were performed in the participating hospitals. The data 
included 3 831 THAs, 4 394 TKAs, and 286 bilateral TKAs 
(operated on under the same anesthesia) (Table 1). The data 
covered approximately 20% of all primary TJAs performed 
in Finland over the study period (18,19). Of all 8 511 TJA 
patients, 487 (5.7%) had permanent anticoagulation. Mean 
length of stay (LOS) was 3 (SD 1) days and mean length of 
uninterrupted institutional care (LUIC) after the operation was 
4 (SD 1) days.

The incidence of clinically relevant bleeding complica-
tions was 1% (CI 0.8–1.3) within 90 days after the primary 
fast-track TJA (Figure). As shown in Table 1, the incidence 
of clinically relevant bleeding complications did not vary 
between the 3 operation types. The 87 bleedings consisted of 
57 operation site bleedings, 17 gastrointestinal bleedings, 6 
spontaneous intracerebral bleedings, 5 bleedings elsewhere, 
and 2 intraocular bleedings (Tables 2 and 3). A little over half 
of the bleedings occurred in the TKA patients. Patients with 
permanent anticoagulation accounted for 5 (5.7%) of the 87 
with clinically relevant bleeding complications. 

The median time to clinically relevant bleeding complica-
tions was 14 days. It was shortest for intraocular bleeding, fol-
lowed by operational site bleeding, gastrointestinal bleeding, 
non-traumatic intracranial bleeding, and bleeding elsewhere. 8 
clinically relevant bleeding complications were found within 
5 days of TJA: these comprised 4 operational site bleedings, 2 
intraocular bleedings, 1 gastrointestinal bleeding, and 1 bleed-
ing elsewhere. 

There were 35 deaths within 90 days after the index opera-
tion, indicating a 90-day mortality of 0.4%. 2 occurred in the 
group of bleeding patients, 1 of which was caused by spon-
taneous intracerebral bleeding 53 days after TJA. The other 
death was not due to bleeding. Thus, clinically relevant bleed-
ing-specific 90-day mortality was 0.01%.

Table 1. Basic demographics of fast-track total joint arthroplasty 
(TJA) patients and clinically relevant bleeding complications. Values 
are count (%) unless otherwise specified 

  Total hip Total knee arthroplasty
Factor arthroplasty unialteral    bilateral Combined (%)

Count 3,831 (45) 4,394 (52) 286 (3) 8,511 (100)
Mean age (SD) 67 (11) 68 (10) 64 (8) 67 (10)
Sex    
 Male 1,694  1,538  144  3,376 (40)
 Female 2,137  2,856  142  5,135 (60)
Diagnosis    
 Osteoarthritis 3,216  3,690  240  7,146 (84)
 Rheumatoid 
    arthritis 87  99  7 193 (2)
 Other 528  605  39  1,172 (14)
Clinically relevant bleeding complications 
 Count 38 (44) 46 (53) 3 (3) 87 (100)
 Incidence, %  1.1  1.1  1.1  1.0 
    (95% CI) (0.7–1.4) (0.8–1.4) (0.3–3.2) (0.8–1.3)

Table 2. Patient demographics according to clinically relevant 
bleeding complications. Values are count (%) unless otherwise 
specified

 Clinically relevant bleeding complications
  No Yes
Factor n = 8,424 n = 87

Women 5,087 (60) 48 (55)
Mean age (SD) 67 (10) 69 (10)
Diagnosis  
 Osteoarthritis  7,078 (84) 68 (78)
 Rheumatoid arthritis 193 (2) 0 
 Other 1,153 (14) 19 (22)
Procedure  
 Total hip arthroplasty 3,793 (45) 38 (44)
 Total knee arthroplasty 4,348 (52) 46 (53)
 Bilateral total knee arthroplasty 83 (3) 3 (3)
Death within 90 days from surgery 33 (0.4) 2 (2)

Table 3. Clinically relevant bleeding complications and presentation 
time from operation

  Female/Male Presentation time
Bleeding site n days, median (range)

Operation site 27/30 10 (1–72)
Gastrointestinal  13/4 34 (1–83)
Non-traumatic intracranial  5/1 37 (21–72)
Elsewhere 2/3 44 (5–79)
Intraocular 1/1 2 (1–3)
All together 48/39 14 (1–83) 

Days from operation

Cumulative percentage with relevant bleeding

0 10 20 30 40 50 60 70 80 90
0.0

0.5

1.0

1.5

Timeline for clinically relevant bleeding com-
plications with 95% CI.
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Discussion

In our study, the incidence of clinically relevant bleeding com-
plications 90 days after primary fast-track TJA was 1%. The 
incidences among THA, TKA, and BTKA were similar.

Reports of bleedings associated with fast-track arthroplasty 
are scarce. In a French study the incidence of bleeding com-
plications was 1.7% (5) and no difference was found between 
THA and TKA. The difference in incidence between the 2 
studies is partly due to a difference in the inclusion criteria: 
Jenny et al. (5) included all patients requiring blood transfu-
sion for any reason. 

Bleedings in arthroplasty patients have mainly been reported 
in thromboprophylaxis studies. The incidence of bleedings 
reported in a review of thromboprophylaxis studies varied 
between 0.1% and 3.1% for THA, and 0.2% and 1.4% for 
TKA (9). None of these studies included fast-track patients. 
The variation in incidences is due to the lack of a consensus on 
the definition of bleedings, and to variation in both the dura-
tion of follow-ups and the type of thromboprophylaxis used. 

The European Medicines Agency (EMA) definition of 
major bleeding recommended for use in clinical investigations 
of antihemostatic medical products in surgical patients cannot 
be fully followed in a registry study of this kind. First, this 
guideline was introduced to study new antihemostatic drugs, 
preferably in blinded randomized control trials, and not for 
registry studies. Second, most measurements of operative site 
bleedings have been subjective reports by the surgeon and 
thus cannot be defined based on hospital discharge registers. 
However, we used the EMA definition as far as this was pos-
sible regarding the study type. Our study included all recorded 
fatal bleedings and bleedings in critical organs and all bleed-
ings recorded in the hospitals’ discharge registers, since to be 
recorded in this type of register means that they must had been 
considered clinically relevant. 

The most common bleedings in our study were operative 
site bleedings, which accounted for two-thirds of all the clini-
cally relevant bleedings. Operative site bleedings were also 
included in Jenny et al. but have rarely been reported in many 
other studies on bleeding after TJA (5,9). While not life threat-
ening, these bleedings cause patient discomfort, pain, distress, 
and inconvenience. They may also increase the risk of super-
ficial and deep infections. Although approximately 27% of 
septic infections after TJA have been associated with surgical 
site infection, the causality of surgical site bleedings and post-
operative prosthetic joint infections remains unclear (20,21). 

All arthroplasty patients have at least 1 of the following risk 
factors for gastrointestinal bleeding (GIB): old age, stress due 
to the operation, and use of non-steroidal pain medication or 
glucocorticoids. In a previous study, the incidence of gastroin-
testinal ulcer among primary fast-track TJA patients was 0.5% 
(22). As not all ulcers bleed, the true incidence is probably 
higher.

To identify and treat gastrointestinal bleedings usually 
requires an invasive procedure and hence readmission. Stud-
ies of Finnish fast-track patients from 2012 to 2013 reported 
readmission rates of 0.2% and 0% for GIB within 42 days 
of THA and TKA, respectively (13,23). A slightly higher inci-
dence of 0.6% readmissions for all gastrointestinal complica-
tions was recently reported for a Finnish fast-track TJA hospi-
tal (24). While gastrointestinal bleedings in fast-track arthro-
plasty patients are rare, they increase costs due to the need for 
readmission, invasive procedures, and blood transfusions. The 
presence of potent anticoagulation increases the risk of life-
threatening gastrointestinal bleeding. 

Non-traumatic intracranial hemorrhage is a potentially fatal 
bleeding complication. Up to 40% of these patients die within 
a month and under 40% achieve functional independence (25). 
We found 2 deaths; 1 was due to an intracerebral bleeding. 
The other was not due to bleeding and thus the clinically rel-
evant bleeding complication-specific 90-day mortality rate 
was 0.01%. Berg et al. (22) in their study on cerebrovascular 
events in Swedish fast-track arthroplasty patients, including 
both bleeding and thrombosis, reported an incidence of 0.4% 
for both THA and TKA. 

Blood loss and bleeding after arthroplasty can be minimized 
in several ways, for example by intravenous and intra-articu-
lar tranexamic acid (TXA) (26). Although the exact amount of 
TXA administered cannot be known in a register study of this 
kind, we do know that at least 1 dose of intravenous TXA (1 
g) was administered during surgery and that no intra-articu-
lar dosing was used. The short-term use of TXA affects both 
operative site bleeding and blood loss for a few days after the 
operation. All study hospitals used compression bandages for 
total knee arthroplasties to reduce postoperative wound bleed-
ing. 

Use of thromboprophylaxis may prolong existing bleeding 
or predispose to bleeding by complicating the management 
of bleeding. In the absence of thromboprophylaxis and fast-
tracking, at least 30% of TJA patients experience a venous 
thromboembolism or pulmonary embolism (4). Regular use 
of thromboprophylaxis has diminished the incidence of VTEs 
to 1–2% (4). Studies on venous thromboembolic complica-
tions in fast-track TJA patients have reported a much lower 
incidence (5-8). Husted et al. (6) reported 90-day incidences of 
symptomatic deep vein embolism and pulmonary embolism to 
be 0.65% and 0.30%, respectively, in fast-track TJA patients 
who had only received thromboprophylaxis during hospital-
ization. Although in their study the length of hospitalization 
decreased, meaning shorter duration of thromboprophylaxis, 
the authors found no increase in the incidences of venous 
embolisms.

Jørgensen et al. reported an incidence of venous thrombo-
embolism of 0.41% within 90 days of surgery (7). This study 
population was subsequently included in a larger study of 17 
582 fast-track TJA patients, where the incidence of symptom-
atic deep vein and pulmonary embolism was found to be 0.4% 
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(8). The patients in these studies received thromboprophylaxis 
only during hospitalization, providing it was 5 days or less. 
The median length of hospitalization was 2 days. This low 
incidence of VTE after fast-track TJA indicates a possible 
potential for more individualized scheduled thromboprophy-
laxis (5,27) 

The length of thromboprophylaxis needed after TJA and 
especially after fast-track TJA has been questioned (28). The 
Finnish thromboprophylaxis recommendation does not differ 
between care protocols. Our study showed that the use of 
longer thromboprophylaxis does not lead to the excessive 
occurrence of bleeding complications in Finnish fast-track 
arthroplasty patients. However, it raises the question: Might 
the incidence of clinically relevant bleeding complications 
be even lower if thromboprophylaxis was used only during 
hospitalization? This possible re-evaluation of the Finnish 
thromboprophylaxis recommendations is also supported by 
the recommendation of the European Society of Anaesthesi-
ology for perioperative thromboprophylaxis after fast-track 
arthroplasty (27). The recommendation states that in selected 
cases of fast-track arthroplasty patients, thromboprophylaxis 
should be administered only during hospitalization.

Most of the operative site and all the intraocular bleedings 
in our study occurred during the use of thromboprophylaxis, 
suggesting that it might have some influence on these bleed-
ings. For GIBs and ICHs, it is likely that the influence of 
thromboprophylaxis was minor only, as most of these poten-
tially life-threatening bleedings occurred after termination of 
thromboprophylaxis. However, the arthroplasty population 
includes older patients with impaired renal function, a con-
dition that could delay the clearance of anticoagulants. The 
use of non-steroidal pain medication might also have impaired 
renal function and consequently increased bleeding risk. 

Our study has its weaknesses. 1st, the quality of the data col-
lected depends on the quality of the register data. The complete-
ness of the Finnish Arthroplasty Register for primary THA and 
TKA was over 90% during the years 2015 and 2016 (29). A sys-
tematic review of the quality of the Finnish Hospital Discharge 
Register (FHDR) evaluated its accuracy and coverage as rang-
ing from satisfactory to very good (30). 2nd, the way hospitals 
record revisits or readmissions in the FHDR may vary. 3rd, the 
cause of discomfort in the operated joint may be recorded as 
pain, bleeding, swelling, or a suspected infection. These symp-
toms and findings may, alternatively, be recorded using the 
same diagnosis code as that of the primary operation, making 
it difficult to identify all clinically relevant bleeding compli-
cations. 4th, it is likely some bleeding complications were not 
filed in the FHDR. However, the incidence of life-threatening 
bleedings such as ICH and GIB or death due to bleeding is 
more reliably recorded in the FHDR due to their severity, as 
they often lead to reoperation, prolonged stay, or readmission.

We selected 2015 and 2016 as the study period to provide 
a reference point for future studies on the effects of changes 
made in the thromboprophylaxis protocol. 2 of the study hos-

pitals have now changed their thromboprophylaxis protocol 
in line with the European Society of Anaesthesiology (ESA) 
recommendation. During the study period, all 3 hospitals were 
still following the Finnish thromboprophylaxis protocol.

A strength of our study is that the study population com-
prised an unselected sample of arthroplasty patients. Thus, we 
also included patients on permanent anticoagulation before 
surgery. Permanent anticoagulation is usually discontinued 
before surgery with or without bridging and continued after 
surgery or after the use of postoperative thromboprophylaxis. 
Bridging is used only in cases where the patient has a mechan-
ical heart valve or a hereditary clotting disorder. Permanent 
anticoagulation is usually discontinued so that spinal anesthe-
sia can be safely performed. The duration of discontinuation 
depends on the drug in question. If needed, platelet inhibitors 
are substituted for acetylsalicylic acid (ASA) and continued 
throughout surgery.

We also included patients who did not receive any anticoag-
ulation due to an underlying illness. Their number was incon-
sequential, and they usually received mechanical thrombopro-
phylaxis to prevent VTE. Thus, our study is representative of 
a fast-track arthroplasty population.

The rates of clinically relevant bleedings were similar 
between the THA, TKA, and BTKA procedures. This result 
conflicts with previous findings of more bleeding compli-
cations in TKA and BTKA than in THA procedures (31,32) 
patients. 1 explanation for this difference might be that infor-
mation on blood transfusions, blood loss during surgery, and 
change in hemoglobin is lacking in our study.

To conclude, the incidence of clinically relevant bleeding 
complications after fast-track arthroplasty was 1%, and most 
of these were located at the operative site. One-third of these 
bleedings (intracranial and gastrointestinal bleedings) can be 
life-threatening, lead to hospitalization, or threaten indepen-
dent living. In the fast-track setting studied here, clinically 
relevant bleeding complications were low.

AMM, KP, AE, JH, AK, PM, and JP wrote the manuscript. HK performed 
the data analysis. All contributed to the conception and design of the study, 
to critical analyses of the data, to interpretation of the findings, and to criti-
cal revision of the manuscript. 

Acta thanks Henrik Husted for help with peer review of this study.
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Appendix. NOMESCO codes – Finnish version

NFB30: Primary total prosthetic replacement of hip joint not using cement
NFB40: Primary total prosthetic replacement of hip joint using hybrid technique
NFB50: Primary total prosthetic replacement of hip joint using cement
NFB60: Demanding prosthetic replacement of hip
NFB99: Other primary prosthetic replacement of hip joint
NGB20: Primary total prosthetic replacement of knee joint without patellar part —sliding prosthesis
NGB30: Primary total prosthetic replacement of knee joint without patellar part — connected prosthesis
NGB40: Primary total prosthetic replacement of knee joint with patellar part —sliding prosthesis
NGB50: Primary total prosthetic replacement of knee joint with patellar part — connected prosthesis
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