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Introduction 
Throughout the last decades, the introduction of enhanced recovery protocols, or so 
called fast-track surgery, has been shown to improve surgical outcomes across various 
surgical specialties including total hip (THA) and knee arthroplasty (TKA).1-3 Fast-track 
protocols focus on optimizing all aspects of peri-, intra- and postoperative care 
through the use of best evidence-based clinical practice in order to reduce the 
surgical stress response and have challenged traditional surgical care principles such 
as use of drains, nasogastric tubes and prolonged use of urinary catheters.4  This has 
resulted in a reduced need for postoperative convalescence  and length of hospital 
stay (LOS) without increase in readmissions,2-4 making the use of fast-track protocols a 
potential means for improving postoperative outcomes5  

While the initial focus of fast-track THA and TKA has mainly been on LOS and early 
recovery, less attention has been given to the initial 30 to 90 days after surgery. 
Furthermore most studies are case series from single institutions,6-9 often either in 
selected patients10, 11 or including a time while the fast-track protocol was still being 
implemented.12-14 At the time of writing there were less than 10 studies in THA and 
TKA with >1000 procedures using well-documented fast-track protocols with a 
median LOS of 3-4 days or less and follow-up >80% (table 1). Of these, only one was 
published prior to the initial study of this thesis.15 
Furthermore, most of the large observational studies on postoperative morbidity 
from the U.S., are based on large registries using diagnostic codes or administrative 
claims data to classify types of complications, but without considering data 
accuracy/completeness16 or whether the registered complication was due to other 
unregistered complications. While incomplete or inaccurate follow-up is obviously 
problematic, the lack of consideration on “what came first” has not previously 
received much focus. However, this may be problematic as a registered “surgical” 
complication may have been preceded by a “medical” complications and vice versa.17 
When discussing prevention of postoperative complications, one also need to 
consider the presence of associated risk-factors. Formalized preoperative risk 
assessment has been a part of the surgical setup since 1941 where the American 
Society of Anesthesiologists Physical Status Classification system (ASA-score) was 
introduced.18 The ASA-score has since been followed by numerous other 
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perioperative risk and comorbidity indexes including the Revised Cardiac Risk index,19 
the Charlson Comorbidity Index (CCI),20  the Surgical APGAR score,21 and more 
recently, a wide range of internet-based risk calculators.22, 23 Interestingly, most 
studies on preoperative risk-factors and perioperative risk-stratification tools are 
based on large databases with little information on perioperative care21-29 or with 
lengths of hospitalization indicating absence of well-established fast-track 
protocols.19, 30-32 
Fast-track protocols include preoperative assessment, adequate patient information, 
planning of postoperative pain relief, risk-assessment followed by optimization of 
potential organ-dysfunction etc.4 When combined with procedure-specific intra- and 
postoperative attempts at reducing the surgical stress-response, there are various 
ways in which fast-track protocols may affect the influence of traditional preoperative 
risk factors. In example reduction of the surgical stress-response leading to reduced 
postoperative insulin resistance33 and cortisol levels34 may potentially lead to fewer 
infections,33 thus affecting the importance of preoperative diabetes. Another example 
is early mobilization, which may improve postoperative pulmonary function17, 35 and 
arterial oxygenation.36 Thus, early mobilization could be of additional benefit in 
smokers or patients with preoperative pulmonary disease who traditionally are 
considered at increased risk of pulmonary complications or tissue-hypoxia related 
infections.37 Furthermore, a reduction in venous thromboembolic events (VTE) with 
early mobilization,38 could influence  baseline risk of VTE and consequently, the need 
for prolonged postoperative thromboprophylaxis.14 
In conclusion, the limited detailed data on postoperative complications and 
associated risk-factors within a well-established fast-track protocol has been 
problematic17 as it may lead to inclusion of unproven treatments39, 40 and difficulties 
in identification of potential high-risk patients.17, 40  Consequently, this thesis aims at 
providing an update on postoperative morbidity and associated preoperative risk-
factors leading to prolonged LOS, readmissions or mortality after primary elective 
unilateral fast-track THA and TKA, focusing on information from detailed 
observational studies conducted throughout the last 10 years within a well-
established fast-track multicentre collaboration.  
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Table 1. O
ther published studies of >1000 fast-track procedures w
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m
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m
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m
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LO
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uninterrupted institutional 
care, readm

issions 
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readm

issions and adverse 
events 

LO
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e to m
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M
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m
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M
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LO
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plications, 
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issions, m
ortality 

O
utcom

es 
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Aim and hypothesis 

In order to facilitate the overall aim of evaluating the incidence of postoperative 
complications and associated risk-factors leading to prolonged LOS, readmissions or 
mortality the following hypotheses were formulated: 

• The distribution of postoperative morbidity and consequently, the influence 
of conventional preoperative risk factors, may be different in fast-track THA 
and TKA compared to previous studies without fast-track protocols. 

• When investigating potential preoperative risk-factors for postoperative 
morbidity there is a need to separate between “medical” and “surgical” 
complications. 

• The incidence of thromboembolic events up to 90 days after surgery in fast-
track THA and TKA is reduced and consequently, in-hospital 
thromboprophylaxis only after fast-track THA and TKA may be safe in patients 
with LOS ≤5 days.  

• A short LOS may not dispose to an increased risk of readmissions. 
• LOS and readmissions may be further reduced within a scientific and clinical 

multicenter collaboration dedicated to further refinements of the fast-track 
protocol. 

The studies included in the thesis attempted to explore these hypotheses by 
answering the following study questions: 

1. What is the distribution and pathogenesis of complications leading to a LOS of 
>4 days, 90-days readmissions or mortality in fast-track THA and TKA ? (Study 
I, IV, V, VII, VII, X and XI) 

2. What is the proportion of “medical” vs. “surgical” complications in fast-track 
THA and TKA (Study I, VII, VIII and XI), and how do they correlate with 
preoperative risk factors? (Study V, VII, VIII ) 

3. What is the incidence and disposing factors for thromboembolic 
complications after fast-track THA and TKA with only in-hospital 
thromboprophylaxis when LOS ≤5 days? (Study III, VI and X) 
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4. What is the incidence, mechanisms and disposing factors for admission due to 
falls 90-days after fast-track THA and TKA? (Study II) 

5. Is a further reduction in the fraction of THA and TKA patients with LOS >4 
days, readmissions or mortality in departments with all-ready well established 
fast-track protocols possible? (Study XI) 

6. What is the influence of preoperative risk factors on prolonged hospitalization 
with a LOS >4 days, 90-days readmissions and mortality in fast-track THA and 
TKA? (Study I, IV, V, VII, VIII and IX)  

7. Is it possible to construct a simple, yet clinically relevant preoperative risk-
score specifically for fast-track THA and TKA? (Study VIII) 

The thesis attempts to put the results from fast-track THA and TKA into perspective by 
comparing with other national and international data, and to provide suggestions for 
future efforts for the improvement of perioperative care and reduction of postoperative 
morbidity.  
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Study methods  

The included studies all used a prospective observational cohort design with follow-up through 
evaluation of discharge summaries and complete electronical health records. The continuously 
expanding cohort included all patients having primary elective unilateral THA and TKA in 
dedicated fast-track arthroplasty departments participating in the Lundbeck Foundation Centre 
for Fast-track Hip and Knee Replacement Collaboration. From 2011 to 2015 several studies (of 
which only some are included in this thesis) focusing on a variety of safety aspects were 
conducted in a having (Table 2). The studies were based on the prospective Lundbeck 
Foundation Centre for Fast-track Hip and Knee Replacement Database (LCDB) on preoperative 
patient characteristics, and the Danish National Patient Registry (DNPR) followed by review of 
discharge summaries and, if necessary, the complete electronical health records. However, 
information was also acquired from other sources such as death certificates, clinical databases, 
by contacting general practitioners etc., depending on each specific study question. 
An observational study design was chosen as this is an efficient and relatively fast method for 
collecting outcome data on rare conditions and complications,45 especially, when including 
prospectively collected data and prespecified outcomes.45, 46 Thus, although randomized 
controlled trials are the gold standard study design for investigating causality and are superior 
for minimizing bias and reverse causation,47, 48 it may be difficult to achieve sufficient power 
within a reasonable time-frame.49, 50 Consequently, the contributions of large well designed 
cohort studies in medical science in general, and perioperative medicine specifically,50, 51 have 
become increasingly recognized in the last decade.45, 48, 52-55 
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The Lundbeck Foundation Centre for Fast-track Hip and Knee Replacement 
Database 

The LCDB was constructed in 2010 and is a prospective database on preoperative patient 
characteristics. The LCDB was launched in cohesion with a prospective observational study on 
thromboprophylaxis (study III) in 2010 and registered as an observational study register on 
ClinicalTrials.gov in January 2012 (ID: NCT01515670). The database is based upon a 
questionnaire initially containing 19 patient completed items and 5 items completed by 
attending staff. The questionnaire underwent minor modifications in May 2013, namely by the 
inclusion of questions on renal disease and cancer and exclusion of d-dimer levels. (Appendix 1) 
The majority of departments have staff available to assist the patients completing the 
questionnaire if necessary. The number of dedicated Danish fast-track arthroplasty 
departments reporting to the LCDB has increased from 5 in 2010 to 9 (7 of which are university 
hospitals and the remaining being regional hospitals with dedicated arthroplasty departments) 
in 2016, and the number of included procedures increased from 2467 in 2010 to a cumulated 
number of >75.000 at the end of 2020. During this period the participating departments 
accounted for 30-50% of all performed primary procedures in Denmark.88, 89  All departments 
use similar fast-track protocols with focus on spinal anesthesia (about 90% of procedures90), in-
hospital thromboprophylaxis  only if LOS ≤5 days, multimodal opioid sparing analgesia, early 
mobilization, functional discharge criteria and discharge to own home.91 From October 2013 
the multimodal analgesic protocol included high-dose (125 mg) methylprednisolone in TKA and 
allowed for use in THA as well,81, 92 while gabapentin was removed from the protocol in 2014 
based on the results of a RCT.93  Finally, most departments increased their thresholds for 
urinary catherization to 800 ml in 2015,94 the same year as introduction of outpatient surgery 
began in two departments95 Peripheral nerve blocks are not standard part of the multimodal 
pain management, but are used on indication in some departments. Thus, the used fast-track 
protocol reflects the current recommendations from the ERAS-society recommendations,96 
which are based on several of the studies performed within the Lundbeck Foundation Centre 
for fast-track Hip and Knee Arthroplasty. 
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Data completeness and consistency between the LDCB and the electronic health care 
records 

Several analyses on data completeness and outcomes in the few patients unregistered in the 
LCDB have been conducted to ascertain that selection bias is not issue an issue within the 
database. In January 2011 a random sample-audit was performed on 50 randomly selected 
THA or TKA patients from each of 5 the departments participating at the time, of which all 
were registered in the database.62 Subsequently, the number of procedures reported to the 
DNPR, but without a completed questionnaire in the LCDB, consistently remained at 3.4-3.5% 
between 2010 and 2013.56, 61, 68 Furthermore, in study I a sub-analysis on 110 procedures 
without a completed questionnaire, and in whom it was not possible to retrospectively gather 
the required preoperative information from the admission notes, did not find any differences 
in postoperative outcomes.56  
Finally, a consistency analysis evaluating the data quality of the LCDB was done in study VII on 
516 patients ≥85 years having surgery between 2010 and 2013.75 The analysis evaluated 4 
items which were completely based on the preoperative questionnaire (use of walking aid, 
living alone, pharmacologically treated cardiac disease (CD), pharmacologically treated 
pulmonary disease (PD)) and one (pharmacologically treated psychiatric disorder (PsD)) based 
on information in the LCDB as well as information from the Danish National Database on 
Reimbursed Prescriptions.97 The analysis found that 78.2% of questionnaires had no 
inconsistencies compared to information in the medical records and consistency was >91% for 
each of the individual items (table 3).  The κ-coefficient, used to grade relative agreement 
strength,98 was ≥0.82 indicating almost perfect agreement in all items except for CD where it 
was 0.77 (substantial agreement). Consequently, it can be concluded that in patients ≥85 years 
the LCDB has a high degree of agreement with the medical records in these 5 investigated 
items, and even superseding previous reports in THA and TKA,99 as well as in Veterans Affairs 
NSQUIP data regarding pulmonary disease.100 Whether there is the same high consistency in 
other age-groups or regarding other items from the preoperative questionnaire is uncertain as 
no such analysis has been performed.  
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Merging of the LCDB with other datasources 

The Danish National Patient Registry and electronic health care records 

The LCDB is merged with data from the DNPR for information on index admission and all 
hospital-admissions 90 days after surgery. The DNPR is a valuable source of information on 
somatic admissions in Denmark and with a completeness of >99%, due to reporting being 
mandatory in order to receive reimbursement.101 As diagnostic coding in the DNPR may be 
inaccurate,102 information on reasons for a LOS >4 days during primary admission or admissions 
within 90-days after surgery are manually extracted from the discharge summary and an 
evaluation on potential relation with THA/TKA is performed. A cut-off LOS of >4 days was 
chosen based on a median LOS of 3 days in 2010.56  
From 2010 to September 2013 the primary screening was done by Dr. Jorgensen. From 
October 2013 to present the primary screening was done by Dr. Petersen, supervised by Dr. 
Jorgensen. In this evaluation admissions within 90-days postoperatively are excluded if 
obviously unrelated to surgery or surgery related organ dysfunction (eye surgery, newly 
discovered cancer, other elective admissions, etc.) Furthermore, uncomplicated urinary tract 
infection and dizziness are excluded if occurring more than 30 days after surgery. 
In case of inconclusive discharge summary information for assigning a primary reason for a LOS 
>4 days or readmission, the complete electronic health records are evaluated and a third 
reviewer (Prof. Kehlet) is also included in deciding the relevance of complications. Additionally, 
in case of mortality within 90-days of surgery the complete electronic health records of index- 
and readmissions are always evaluated regarding cause of death and relation to THA/TKA. 
Using this combination of the unique Danish registers with detailed information from the 
medical records may yield “micro-data” not available in most classic BIG-DATA studies 
depending on diagnostic codes or other coded variables.103 
Naturally this method has it weaknesses as it may be considered subjective, why review by at 
least 3, preferably independent, reviewers or use of a standardized tool for evaluation of 
adverse events to minimize bias has been proposed.104, 105  However, the inclusion of initially 
two and later three reviewers in case of doubts, as well as the ability to acquire further clinical 
information when necessary is an improvement compared to most other studies using chart 
reviews and has been shown to increase the number of relevant readmissions compared to use 
of diagnostic coding alone.106, 107 Finally, the sole use of diagnostic coding or administrative 
data has often found to be insufficient for registering complications,108, 109 with conflicting 
results between datasources110, 111 and uncertain quality16 
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The Danish National Database of Reimbursed Prescriptions (DNDRP) 

The LCDB has also been merged with information from the DNDRP. The DNDRP contains 
information on prescriptions which qualifies for reimbursement dispensed in Danish 
pharmacies, including hospital-based outpatient pharmacies (nursing homes etc.).97 The 
database does not contain information on in-hospital prescriptions or over-the-counter 
medicine, but due to the extensive drug reimbursement plan in Denmark, the DNDRP has been 
demonstrated to include between 85 and 99% of the total number of dispensed prescriptions 
depending on the Anatomical Therapeutic Chemical classification system code.97 A major 
advantage of the DNDRP, is that it includes the Central Personal Registration number which 
enables combination with the LCDB. This is not available from the Danish National Prescription 
Registry run by Statistics Denmark (http://www.dst.dk/da/Statistik).  
As a completeness of 85% may be considered insufficient, the specific types of drugs 
investigated using DNDRP data (antipsychotics, antidepressants, anticoagulants) were further 
investigated regarding the fraction of sold packages with reimbursement for each study period. 
These data can be found using http://medstat.dk/ supplied by the Danish National Board of 
Health Data and documents that the fraction of sold relevant drugs receiving reimbursement 
was about >98% from 2010-2014 (table 4). 

http://www.dst.dk/da/Statistik
http://medstat.dk/
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Classification of postoperative morbidity and complications 

There have been numerous attempts at developing different scoring systems or categories of 
postoperative morbidity. The most widely used is probably the Clavien-Dindo index where the 
newest edition is scaled from I-V with several subcategories and depending on the most severe 
complication.112 The same group has later proposed the Comprehensive Complications Index, 
which not only converts the most severe complication but also the total complication burden, 
into a score running from 0 (no complication) to 100 (death).113 Furthermore, the system was 
developed by using the opinions of both healthcare professionals as well as patients, making it 
more patient focused than the Clavien-Dindo system.  
 

 
The main weakness of the Comprehensive Complications Index is the lack of information on 
what came first, which may limit the potential for devising interventional strategies. Thus, a 
surgical complication may be followed by medical complications and vice versa (figure 1).17 
Such information may be of value when evaluating whether focus should be on surgical 
technique or perioperative care.  
 
Consequently, within the studies from the LCDB, complications leading to LOS >4 days or 

The potential relationship between postoperative “medical” and “surgical” morbidity. A surgical procedure 
may lead to both “medical” or “surgical” complications, but a “medical” complication may also lead to 
further “surgical” complications and vice versa. Adapted with permission from prof. H. Kehlet.  

 

Figure 1
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readmissions were categorized according to the initial type of complication and subdivided into 
“medical” and “surgical” morbidity. 
The term “surgical” morbidity is used for complications requiring further refinement of surgical 
technique (minimally invasive surgery, prosthetic materials, surgical approach, improved 
antibiotic regimens etc.), while “medical” morbidity (myocardial infarctions, pneumonia, renal 
failure, pain management etc.) covers areas requiring further improvements in perioperative 
care and the fast-track protocol (table 5).56, 114 This approach has subsequently become more 
accepted115-122 and hopefully may provide additional insights into which measures are needed 
to further reduce postoperative morbidity. 

  Table 5. Classification of complications in the majority of studies 
using the LCDB. 

“Surgical” complication: 
Prosthetic infections 
Wound complications 
Fracture without trauma 
Other revision surgery 
Knee manipulation 
Hip dislocation 

“Medical” complication: 
Cardiac 
Gastrointestinal 
Anaemia 
Medication/Mobilization 
Falls 
Urological 
Pulmonary 
Cerebral 
Pain 
Renal 
Other 

“Other” complications:  
No recorded morbidity but LOS >4 days  
Suspected but disproven venous thromboembolism 
Suspected but disproven prosthetic infection 
Suspected but disproven myocardial Infarction 

LOS: length of hospital stay at primary admission 
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Potential weaknesses of the included studies 

Patients with multiple procedures 

As in all large databases spanning several years, some patients had more than 1 procedure 
during the study period. In case of < 90 days between procedures, patients were excluded as it 
would be impossible to assign a potential complication to a specific procedure. In contrast, 
patients with > 90 days between procedures were not excluded although this can introduce 
statistical bias by compromising the concept of statistical independence within the dataset.123 
However, it has also been argued that excluding patients with multiple procedures will exclude 
a large and clinically relevant number of procedures. Thus, excluding the second procedure in 
patients with a successful first procedure may introduce a “negative” selection bias with 
overestimation of surgical risk.124  In this context, the number of patients with >1 procedure 
was limited to about 3% in the smallest56 but increasing to 15% in the largest cohort.71 
Importantly, all patients completed a new preoperative questionnaire before each procedure 
why changes in preoperative risk profile, i.e. due to a postoperative complication after the first 
procedure, would be registered. Furthermore, in study III and X where patients using 
anticoagulants were excluded, there is a potential risk of selection bias if a large fraction of 
patients who developed VTE were subsequently excluded when having their second procedure 
due to use of anticoagulants. However, given the scarcity of VTE in both studies (about 0.4%)62 
the influence seems minimal. 

Patients with missing data 

Another potential problem was the handling of patients with missing data in the LCDB. Patients 
missing data on specific variables in the preoperative questionnaire were consequently 
excluded from statistic models including these variables. It could be argued that this should 
have been dealt by using multiple imputations in order to minimize the risk of bias.125  
However, the amount of missing data on specific variables in the included studies was rarely 
>4% which argues for using only complete data65 and multiple imputations may by itself 
introduce bias if the imputation model is insufficient or if there is a substantial number of 
missing variables.126 
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Overlapping time periods 

The conducted studies used different datasets but with overlapping time-periods and thus, 
some of the same patients were included in several different analysis. This may introduce a risk 
of statistical bias in the regression models of the conducted studies.127, 128 There have been 
several proposals on which statistical tests to use when conducting regression analysis on 
overlapping data,127 especially within the field of economics.128 However, none of the studies 
using logistic regression in this thesis focused on the same outcome, thus not introducing 
hypothesis bias due to repeated measurements using the same data. It may be more 
problematic when analysing overlapping outcomes as in studies III 62 and VI.74 Thus, it could be 
argued that these studies are a repetition of the same data. However, study VI was a detailed 
analysis on early thromboembolic events of which 70% occurred while in hospital74 
consequently resulting in a LOS of >5 days and exclusion from the “successful early discharge 
cohort” with only in-hospital prophylaxis which was the focus of study I.62  
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Postoperative morbidity and mortality 

Thromboprophylaxis and thromboembolic events 

Safety of only in-hospital thromboprophylaxis in patients with LOS ≤5 days 

THA and TKA have traditionally been considered “high-risk” procedures for VTE, with an in-
hospital occurrence of about 0.5 and 1.0 % in THA and TKA, respectively.129 Consequently, 
thromboprophylaxis from 14 to 35 days postoperatively has been recommended.130, 131 
However, these recommendations are based on randomized clinical trials with a mean LOS of 
7-8 days,132-136about 2-3 times as long as when applying a fast-track protocol.137 This suggests 
that a considerable fraction of the procedures included in the randomized trials were not 
treated according to fast-track principles such as spinal anaesthesia and early mobilization, 

both of which may be associated with fewer venous thromboembolic events (VTE).38, 138 Such 
aspects have rarely been considered in the randomized trials with symptomatic VTE rates of 
about 1.7% at 35 days,130 as opposed to reported VTE rates of < 0.5 % after fast-track THA and 

Figure 2 modified from Falck-Ytter et al Chest 2012130 and from Jørgensen et al. BMJ-Open 
201362 

RCT with extended LMWH prophylaxis  
n: >16.000 4% revisions 

In-hospital prophylaxis only and LOS ≤5 days 
n: 4659 (94.6% of procedures) 
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TKA  with thromboprophylaxis only during hospitalization and LOS ≤5 days.62, 139 Furthermore, 
the RCTs often included asymptomatic DVT as primary outcome, despite the clinical relevance 
of these may be debatable.140 Consequently, several studies have questioned the benefits of 
prolonged thromboprophylaxis,141-146 including in fast-track THA and TKA.147 Finally, there 
remains the problem of patient selection in published RCTs, which often exclude the elderly 
and the very sick. In example, a review on the benefits of prolonged prophylaxis found that in 
some studies the number of obese patients was as low as 8%.148 In contrast, patients with a 
BMI >30 in the studies of this thesis was consistently >30%. 
Study III, was a prospective observational multicentre study in unselected consecutive fast-
track THA and TKA patients having thromboprophylaxis with low molecular weight heparin 
(LMWH) or rivaroxaban only during hospitalization if LOS ≤5 days.62 Both LMWH and 
rivaroxaban are recommended as first choice of thromboprophylaxis after major 
arthroplasty,130 and a clinically relevant superiority of one above the other remains 
controversial.149 The study was protocolled and registered on ClinicalTrials.gov (NCT01557725), 
and all outcomes were pre-defined. Thus, occurrence of deep venous thrombosis (DVT) had to 
be confirmed by ultrasound and pulmonary embolism (PE) by lung scintigraphy, computer 
tomography (CT) or removal of embolus. For arterial thromboembolic events MI was 
predefined as rise in biomarkers and ischemic symptoms or diagnostic electrocardiogram 
changes with primary coronary intervention or a coronary bypass graft. Ischemic stroke was 
defined as neurological symptoms lasting >24 hours and a positive CT-scan, and a transient 
ischemic attack was defined as a neurological symptom lasting <24 hours and with no new 
changes on CT-scan. The only excluded patients were those <18 years old, those without 
Danish social security numbers or those with preoperative continuous oral anticoagulant 
treatment with vitamin-K antagonists or direct oral anticoagulants. The study demonstrated 
that about 95% of 4924 procedures had LOS ≤ 5 days and consequently, thromboprophylaxis 
only during hospitalization. Median LOS in these patients was 2 days resulting in 75% of 
patients having thromboprophylaxis for 3 days or less. The incidence of VTE was < 0.3% at 30 
and < 0.5% at 90 days, and even when including deaths of unknown causes, the 90-days 
incidence was only about 0.5%. In contrast, 5% of patients with a LOS >5 days had VTE rates of 
> 2.5% at 90-days postoperatively, with half occurring during index hospitalization and despite 
prophylaxis after discharge.62 (figure 2) A limitation of the study was lack of individual patient 
data on duration of prophylaxis and, although less likely, that VTEs during hospitalization but 
without a LOS of ≥5 days were overlooked.  
The results of study III are not the only ones with fewer registered VTE’s compared to the older 
RCTs. Thus, the XAMOS-study, an open label study on rivaroxaban vs. other types of 
prophylaxis found symptomatic 60-day VTE rates of 0.83%, but with prophylaxis for about 3 
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months.150 However, the XAMOS-study provided no information on LOS and no objective 
criteria were required for diagnosis of VTE, potentially influencing the results.150 In contrast, a 
different phase IV-study on rivaroxaban in a real world setting found 90-days VTE rates of 1.2% 
in primary THA and TKA, with 15 days of treatment.151 The authors argued that increasing the 
treatment period to 35 days in all THA patients could theoretically have prevented 1-3 DVTs 
occurring on postoperative days 34 and 36. However, 82% of DVTs in THA occurred after day 
35 and there was no information on LOS or use of early mobilization.151 
A low incidence of VTE in fast-track THA and TKA was also demonstrated by Glassou and 
colleagues who found that the relative risk of readmissions due to thromboembolic events 
between 2010 and 2011 was 0.7 (CI 0.6-0.9) or about a 27% reduced compared to other Danish 
national data.152 Limitations on this study included lack of knowledge about use of fast-track 
protocols in the control cohort, the use of diagnostic codes with varying accuracy for VTE 
detection102 and no information on duration of thromboprophylaxis.152  Especially the first 
point may be of significance as fast-track protocols appeared to be widely, but not universally 
implemented in Denmark during the time period.153  Furthermore, two studies using national 
data from Denmark and Norway found no clinically relevant differences in 90-days occurrence 
of VTE after THA regardless of receiving “short”, “standard” or “extended” 
thromboprophylaxis.154, 155 However, there was an unexplained increased risk of 90-days 
mortality in the “short” treatment group.155 In this context, a Norwegian study found that 
introduction of prolonged prophylaxis in 2003 was associated with a sudden drop in VTE rates 
compared to 7-10 days of prophylaxis.156 However, the study was a single centre study 
comparing surgeries from 1989-1999 vs. 2003-2011 and with no information on LOS or use of 
fast-track protocols.    
The results of Study III contributed to a revision of the Danish recommendations for 
postoperative thromboprophylaxis, where thromboprophylaxis only during hospitalization is 
now considered a viable option in fast-track THA and TKA patients with a LOS of ≤5 days.a  This 
strategy has now also been recognized as an option in the European Society of Anaesthesiology 
(ESA) Guideline on Day and Fast-track surgery.157 
Unfortunately, no other institutions attempted to confirm the results of study III, why in 2018, 
Study X was conducted as a follow-up study in an additional >17.000 procedures and using the 
same methods. Study X confirmed the previous results of 90-day VTE rates of about 0.4%, but 

 
 

a The Counsel for use of expensive hospital medication (RADS) treatment recommendation (in Danish): 
http://www.regioner.dk/medicinsite/rads/behandlingsvejledninger/~/media/EA98DB295B7E450E9CE2A
8AF5D2A60D3.ashx 
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was also able to provide a much needed risk-factor analysis on associated pre-operative risk 
factors for VTE with only in-hospital prophylaxis.139 (table 6) The study found that the 
thresholds for association between age and BMI with VTE were increased compared to those 
used by the Caprini-score recommended for preoperative risk-evaluation by the ESA.157   

 
Considering that the usefulness of the Caprini-score in THA and TKA remains undecided,158-160 
and that more individualized thromboprophylaxis strategies based on thromboembolic risk-
stratification are being advocated,160-162  further evaluation within fast-track THA and TKA 
seems justified.  In conclusion, in-hospital thromboprophylaxis in fast-track THA and TKA with 
LOS ≤5 days seems acceptable. However, the topic of postoperative thromboprophylaxis, not 
only with regards to risk-stratification but also with regards to choice and duration of drugs 

Table 6. Multiple logistic regression analysis on risk-factors for VTE within 90 days of surgery. 
From Petersen et al. Thromb Harmost. 2018139  
Variable OR (95% CI) p-value 
Age (years) 

< 50 
50-60 
61-65 
66-70 
71-75 
76-80 
8-85 
>85 

 
1.04 (0.29-.376) 
0.72 (0.28-1.87) 
1.36 (0.59-3.16) 
1 
0.85 (0.34-2.11) 
1.66 (0.71-3.88) 
1.76 (0.60-5.15) 
3.74 (1.15-12.14)  

 
0.952 
0.498 
0.469 
Reference 
0.720 
0.238 
0.304 
0.028 

BMI 
< 18.5 
18.5-24.9 
25.0-29.9 
30.0-34.9 
35.0-39.9 
>39.9 

 
NA 
1 
1.10 (0.55-2.17) 
1.28 (0.59-2.79) 
2.55 (1.02-6.35) 
3.28 (1.02-10.56) 

 
NA 
Reference 
0.791 
0.534 
0.045 
0.046 

IDDM NA NA 
NIDDM 1.47 (0.68-3.19) 0.329 
Cardiac disease 1.49 (0.72-3.09) 0.281 
Pulmonary disease 0.84 (0.33-2.11) 0.706 
History of VTE 2.04 (0.94-4.44) 0.073 
Hereditary VTE 1.62 (0.86-3.06) 0.139 
Per protocol analysis of 17.582 procedures. OR: odds ratio. CI: confidence interval.  
BMI: body mass index. NA: not available due to lack of data.  
IDDM: insulin dependent diabetes mellitus. NIDDM: non-insulin dependent diabetes 
mellitus VTE venous thromboembolic event. 
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(e.g. aspirin vs. LMWH or rivaroxaban, in-hospital only vs. after discharge) remains 
controversial with several differences in published guidelines and recommendations.163-166 

“Early” and in-hospital venous thromboembolic events 

In study III, 5 of 7 VTEs in the patients with LOS >5 days and prophylaxis after discharge 
occurred in-hospital or within the first 14 days, likely while patients were receiving 
recommended prophylaxis.62 That the majority of VTEs in fast-track THA and TKA patients with 
prophylaxis occur while patients are in-hospital was also confirmed in study X where 12 of 18 
VTEs were in-hospital.139 This further suggests that a subgroup of patients need alternative or 
more aggressive antithrombotic strategies rather than simply extending the treatment period. 
Similar findings have been done in colorectal surgery where 92% of VTEs occurred while 
patients received appropriate prophylaxis.167  Study VI was the first to provide a detailed 
description on occurrences of “early” VTE (in-hospital or within the first 7 days after surgery), 
as well as focusing on 30-day incidences in fast-track THA and TKA.74 The study was conducted 
in 13775 procedures, and found that the “early” VTE rate was <0.2 %, with the majority of PE’s 
occurring after TKA. In contrast, the study by Gomez et al. investigating the effectiveness of 
rivaroxaban for 15 days postoperatively found the incidence of VTE within the first week to be 
0.35%, of which the majority were PEs and with 10 of 12 being in TKA.151 Furthermore, a 
subsequent analysis on a larger dataset from the LCDB found that in-hospital VTEs despite 
ongoing thromboprophylaxis contributed about 22% of all VTEs during the initial 90 
postoperative days with an incidence of 0.09%.78 These reports contrast with a previous 
systematic review of older randomized clinical trials with in-hospital VTE rates of about 1% in 
TKA and 0.5% in THA.129  While it is logical to assume that reducing LOS will also reduce number 
of in-hospital VTEs, there was no registered increase in readmissions due to VTE in the 
mentioned studies. 
Interestingly, about 80% of VTE patients in study VI had one or more pre-(BMI >30, previous 
VTE, ischemic cardiac disease etc.) or perioperative (postoperative immobilization, infection 
etc.) dispositions.74 Furthermore, although identification of specific risk factors for VTE despite 
ongoing prophylaxis was possible in the follow-up study in >34.000 procedures , 78% occurred 
without any identifiable disposing complication.78 That standard thromboembolic regimes may 
be insufficient in some patients has been suggested after knee arthroscopy,168  in intensive 
care169 and in other critically ill patients.170 However, no specific drug has yet shown superiority 
in preventing symptomatic VTE in major arthroplasty149, 171 and the use of risk-stratification and 
increased dosing remains controversial.162  Consequently, how to identify and treat patients in 
high-risk of VTE despite standard thromboprophylaxis and the use of a fast-track protocol 
remains an important area of investigation in THA and TKA.   
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Myocardial infarction and ischemic stroke 

The use of thromboprophylaxis should ideally also effect arterial thromboembolic events such 
as MI and ischemic stroke.172 However, the reported incidences of in-hospital myocardial 
infarction or ischemic stroke after THA and TKA remains about 0.2%173, 174 despite 
recommendations of chemical thromboprophylaxis. Furthermore, there may be a substantial 
number of patients in which the myocardial damage or stroke is “silent”.175, 176 Recently, an 
asymptomatic rise in biomarkers of myocardial injury after noncardiac surgery (MINS) has 
received increasing attention due to associations with perioperative and long-term 
mortality,177-179 including after THA and TKA.180 However, so far attempts at identifying which 
patients may benefit from such tests and how to reduce the occurrence of MINS remains 
controversial.178, 181-183 Consequently, the studies in this thesis have focused on symptomatic MI 
and ischemic stroke. The overall occurrence of these complications was 0.49% in study III, but 
with 3 in the 265 patients with LOS >5 days (1.1%).62 Study VI, which expanded the study 
cohort with about 8000 patients, confirmed an overall low in-hospital/7-days occurrence of 
symptomatic myocardial infarction or ischemic stroke (0.07%). Furthermore, the 30-day rates 
were also much lower than previously described (0.10% and 0.11% for MI and ischemic stroke, 
respectively).74 Thus, Singh et al. used data from the Mayo Clinic to report on in-hospital and 
30-days MI and ischemic stroke. They found 7-day MI occurrences of 0.18%, increasing to 0.9% 
at 30 days.184 Belmont et al. found 30-day rates of 0.33% using NSQUIP data,26 and two Danish 
studies using national data from 1998-2007 and 1997-2011 found MI rates of about 0.4185 and 
0.36%,186 respectively. Finally Khan et al. reported significant reductions in MI from 0.9% to 
0.4% after introducing fast-track principles.43  As in most of the previous studies, study VI found 
that that the majority of myocardial infarctions occurred after THA, despite a higher burden of 
preoperative comorbidity in TKA patients.74 Interestingly, 5 of 9 patients with myocardial 
infarction had severe postoperative anaemia, as well as preoperative cardiac risk factors.129 
That the presence of postoperative anaemia in patients with cardiac disease may be of 
particular importance was later confirmed in a larger population from the LCDB where 27 of 28 
patients with MI ≤30 days had postoperative anaemia according to WHO definitions.80 
Regarding postoperative stroke, Pedersen et al. found that similar occurrence of 30-day 
ischemic stroke after THA (0.4%) and TKA (0.3%) using Danish national data (but not 
considering use of fast-track protocols) from 1997 to 2011. There was no difference in relative 
risk (RR) between 1997 and 2011 (RR: 0.9 (CI:0.5-1.7) in 1997 vs 2011  although the risk of and 
no differences between procedures.186  In contrast, a study using the U.S. National Inpatient 
Sample data and relying on diagnostic coding, found a significant decline in in-hospital stroke 
between 2002 (0.17%) and 2011 (0.14%) but also with no information on fast-track protocol 
and no differentiation between THA and TKA.187 That use of a fast-track protocol may reduce 
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the incidence of stroke was supported by Kahn et al.  who a clinically relevant, albeit 
statistically insignificant reduction in 30-days ischemic stroke in THA and TKA after introduction 
of a fast-track protocol (0.2 % vs. 0.5 %).43 In study VI, the occurrence of in-hospital/7-days 
symptomatic “early” ischemic stroke was only 0.07 %, but significantly increased in THA 
(0.17%) vs. TKA (0.05%) at 30-days. Thus, the overall 30-day occurrence of stroke was only 
0.11% but without a control group, conclusions on direct benefits of a fast-track protocol 
cannot be drawn. Noticeably, a subsequent study using the LCDB found similar stroke rates 
from 30 to 90-days postoperatively as in the Danish background population.79 This is in contrast 
to a previous Danish national study which, in addition to finding a >4 fold increased risk of 
stroke within the initial 2 weeks after THA, found the risk to remain increased for up to 6 weeks 
for ischemic and 12 weeks for haemorrhagic stroke compared to in matched controls.188  
Regarding potential prevention of the strokes that did occur, most of the patients in study VI 
who experienced postoperative strokes, had irreversible dispositions (age > 70 years, previous 
stroke, cardiac disease etc.),74 and even potentially modifiable risk factors like smoking and 
BMI, may be difficult to modify. Furthermore, spinal anaesthesia, which may reduce the 
occurrence of stroke,138 is all-ready implemented in the fast-track protocol.  
In summary, the incidence of “early” and 30-day myocardial infarctions and cerebral strokes 
seems reduced in fast-track THA and TKA compared to without a fast-track protocol. 
Postoperative myocardial infarction may be prevented by avoiding postoperative anaemia 
while further reduction in incidence of cerebral stroke may be more problematic. 
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Postoperative falls, cause of concern or consequence of success? 

The risk of falling has gained increasing attention both as a serious occurrence in community 
and hospital settings,189-191 and as an independent preoperative risk factor of postoperative 
complications.192, 193 Although there are several studies on risk factors and preventions of in-
patient falls,194-196 most studies in THA and TKA have focused on the role of postoperative 
peripheral nerve blocks.197, 198 Thus, fall-incidences of about 7% within the first 4 days with 
femoral nerve blocks have been reported199 although large scale data have been unable to 
demonstrate an association with peripheral nerve blocks in general.198 Nevertheless, the use of 
continuous femoral nerve blocks which may impair motor function is not ideal when using a 
fast-track protocol with early mobilization.200, 201 Instead blocks which do not target the motor 
nerves e.g. the adductor canal block, are a potential better choice,202, 203 but with uncertain 
effect on LOS, recovery and post-operative opioid consumption.204, 205  
TKA and THA per se may also increase the risk of falling,206, 207 likely due to reductions in muscle 
strength of 40-80%.208, 209 Thus, fall-rates of about 12% within the first 3 postoperative months 
have been reported,206 with even higher risk in those with falls prior to surgery.192, 210  
As fast-track surgery aims at enhancing postoperative recovery, it could be speculated that 
there would be a decreased risk of falling due to improved physical function, but on the 
contrary, early discharge and return to daily activities could also increase the risk of falling 
within the early postoperative period. However, a recent review found some evidence for use 
of fast-track protocols to improve in-patient functional recovery after TKA.211 This is despite 
that although initiation of progressive strength training immediately after surgery is feasible,212 
the effect on functional performance has been negligible.213  
Study II provided the first detailed analysis on the incidence, circumstances and consequences 
of falls after discharge resulting in hospital or emergency-room admission 90 days after 
THA/TKA.61 It was found that about 1.6% of patients were admitted to hospital within 90 days 
after fast-track THA and TKA due to falling, of which about half required hospital admittance 
for 1 day or more. Furthermore, falls linked to postoperative weakness or balance problems 
comprised 73.5% of all falls, while 7 (8.4%) falls occurred during bathroom visits.61 However, 
analysis on circumstances of falls were limited by almost half of the surgery-related falls having 
insufficient information in their medical records.   
When analysing surgery-related vs. other falls, surgery-related falls occurred significantly 
earlier than those related to a high level of physical activity or extrinsic factors, with about half 
occurring within the first month of discharge. (figure 3a) In contrast, almost 1/3 of the falls 
between postoperative days 31 and 90 were due to either a high level of activity or extrinsic 
factors. There were no typical reasons for these types of falls which included falling from 
heights, moving vehicles, slipping on ice, and being intoxicated or pushed. 
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  figure 3a 

Figure 3b 

From Jørgensen & Kehlet Clin Interv Aging 201361 
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When considering the severity of injury, the fraction of falls leading to minor injuries was 
largest during the first postoperative week (figure 3b) and with about 50% of all falls resulting 
in major injuries, often requiring return to surgery. Finally, analysis on risk-factors related to 
admissions due to falling found that age/year (OR: 1.05 CI:1.02–1.08) PsD (OR: 2.80 CI:1.42–
5.50) and living alone (OR: 2.09 CI:1.20–3.62), but not a LOS ≤4 days (1.19 (CI:0.52-1.28) were 
independently associated with admission due to falling.61 
There is still very limited information regarding falls leading to readmissions after fast-track 
THA and TKA. However, it seems that the mechanisms of falling after discharge may assimilate 
what has been found in community dwelling individuals rather than in in-patients. Thus, 
Campbell et al. reported that 20% of falls in rural dwelling subjects >70 years were due to 
tripping and slipping while going about daily activities..214 Also, Robbinovitch et al. were able to 
use video material to document that the majority of falls in elderly people in long term care are 
due to incorrect weight shifting or stumbling. 215 In contrast, the incidence of bathroom-related 
falls has been reported to be 45% of in-patients falls after mixed elective orthopaedic 
surgery216 increasing to 60% specifically after TKA.217 However, these studies were not 
performed within a fast-track set-up, did not consider falls after discharge, and with a 
considerable number of patients having either a femoral nerve catheter217 or other patient 
controlled analgesia.216  Interestingly, the study on mixed orthopaedic procedures by Mandl et 
al. reported only 3.3 % of falls resulting in major injury, while the study in TKA reported only 
23% resulting in morbidity, return to theatre or new fractures.217 This may be due to 
registration of a considerable number of less severe falls, but could also support that falls 
without major injuries are more common in the early postoperative phase.  
In contrast, studies on post-discharge falls after THA and TKA are conflicting. Thus, a small 
study in only 269 arthroplasty patients, found similar risk of falling, but up to 65% reduced 1-
year risk of fall-related fractures in THA patients vs. controls.218 Contradicting data were 
reported in two Japanese studies with even fewer patients and finding increased risk of falling 
within the 1.st year after THA (30% vs 13%)207 and TKA (38% vs 24%),219 respectively. 
Interestingly, both studies found low 1-year incidences in fall-related fractures of 5.7-6.2%,207, 

219 but they included falls not requiring admission to hospital.  Unfortunately study II had no 
control group, prohibiting conclusions on whether patients having fast-track THA and TKA are 
at increased risk of falls compared to controls not having surgery.  
As a consequence of such heterogeneity in available studies a recent review on postoperative 
falls in THA and TKA concluded that the incidence of postoperative falls ranges from 0.8% - 
2.7% within the first few days after surgery and between 3.1% and 51.8% up to 24 months 
after.220 This was despite that the authors were able to include 12 studies with a total of about 
1.3 million patients.220 They also found moderate evidence for PsD, and living alone to increase 
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the risk of falls after discharge, but only low-level evidence for age being a risk factor 
specifically in THA and TKA.220 Unfortunately, no other studies apart from study II, were 
conducted within a well-defined fast-track setup, prohibiting conclusions on potential benefits 
of the fast-track protocol per se on the risk of falling after THA and TKA.  
In conclusion, the incidence of admissions due to postoperative falls in fast-track THA and TKA 
is less than 2%. Furthermore, about 25% of fall-related admissions may not be related to 
surgery-induced muscle weakness or balance problems, but rather to a return to normal life 
and activity levels.  However, >50% of falls resulted in major injuries why specific 
considerations on postoperative fall-risk may be relevant for elderly patients, those living alone 
and those using psychotropic drugs. Nonetheless, it seems reasonable to conclude that an 
overall increase in fall-related admissions due to short LOS and early mobilisation is not a cause 
of concern in fast-track THA and TKA.  
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Postoperative mortality and relation to surgery 

Although postoperative mortality has declined steadily in developed countries, it remains of 
considerable interest in many surgical outcome studies.221-225 Recently, there have been 
reported associations with symptom-free increase in biomarkers, e.g. troponin-T, and mortality 
up to 30 days postoperatively,226 as well as increased 1 year mortality compared to persons 
who did not receive surgery.224  Furthermore, the European Surgical Outcomes Study (ESOS) 
reported major variations in 7 days postoperative mortality from 1.2 to 21.5% between 
European countries.225 Mortality in the Scandinavian countries was generally low in this study, 
potentially attributable to well driven perioperative teams, post-anaesthesia care units and a 
strong tradition for enhanced recovery or fast-track protocols.227  Currently, the European 
Perioperative Clinical Outcome (EPCO) definitions state that mortality should be reported at a 
minimum of 90 days and ideally 1 year after surgery.228 However, existing studies have rarely 
attempted to analyse the exact cause of events leading to mortality after surgery in order to 
evaluate the likely relation to the surgical procedure. Furthermore, studies seldom consider 
whether death is due to direct surgical complications, e.g. major intraoperative bleeding, or 
surgery induced organ dysfunction such as postoperative pneumonia or venous 
thromboembolic events. This may be due to the nature of the studies which often use large 
database relying solely on diagnostic codes.224, 229-231 Nonetheless, such details may be 
important for developing appropriate interventional strategies by identifying which 
complications came first.  
In THA and TKA 90-days mortality is reported to be about 0.3%,222, 229 and adhering to a fast-
track protocol may be associated with a further reduction.43, 44 The low mortality following 
these procedures may be due to surgical selection prior to elective procedures as THA and TKA 
patients often have lower short232 and long-term mortality233 compared to the background 
population. 
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figure 4 Jørgensen and Kehlet 2017 Acta Anaesthesiol.Scand. 71 
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Although a few studies have attempted to provide disease-specific data on cause of death,144, 

231 information on what actually happened is rare. Study IX included a detailed evaluation of all 
available information on the patients who died within 90-days after THA and TKA. In case of 
death in own home the patients’ general practitioner was contacted to establish whether any 
complications had occurred outside of hospital after discharge.71 All-cause mortality was 0.3%, 
of which 0.2% were likely to be surgery-related. In this context, the average 90-days death-rate 
in Danish citizens aged 67 years (the median age of THA and TKA patients) was about 0.4% 
during the same period.b  Of a total of 44 deaths, 7 were unlikely to be related to the surgical 
procedure, accounting for 16% of fatalities within the first 90-days. Also, about two thirds of 
the surgery-related deaths occurred within the first 30-days of surgery, while deaths with less 
certain relation to surgery were much more common after day 30 (figure 4). Death was also 
rarely a consequence of direct surgical complications such as fatal intraoperative bleeding or 
prosthetic infection, but mostly due to surgically-induced organ dysfunction such as 
pneumonia, stroke or bowel dysfunction. Importantly, several patients had initial organ 
dysfunction resulting in subsequent treatment/surgical procedures followed by new 
complications from different organ systems leading to mortality (figure 5).71  
That postoperative complications are predictors for mortality has been described previously in 
major surgery.234, 235 An analysis of > 2 million patients from the NSQUP database found that 
about two thirds of patients developed more than one postoperative complication and 
typically 6-9 days prior to death.234 However, there was no subgroup analysis or information on 
the number of individual procedures consequently prohibiting extrapolation to THA and TKA. 
The results of Study IX emphasizes the importance of procedure-specific studies focusing on 
what came first when discussing strategies for reducing postoperative mortality as the pattern 
of postoperative complications after THA and TKA was much different from the NSQUIP 
analysis which found the majority of complications to be reoperations due to bleeding.234 
When investigating mortality in THA and TKA after postoperative day 30, a considerable 
number of deaths have been demonstrated to be due to cancer or other conditions unrelated 
to the surgical procedure.43, 145, 232 Thus, Jones et al. were unable to demonstrate any excess 
mortality in THA after 90 postoperative days,236 while a Norwegian study in both THA and TKA 
found excess mortality only during the initial 26 postoperative days.237   
Finally, Cusick and Beverland investigated  >4000 arthroplasties, and found that 3 of 6 deaths 
between the 30th  and 90th postoperative day were due to duodenal ulcer, carcinoma and 
ruptured aortic aneurism respectively.145 This could indicate that adhering to the EPCO 

 
 

b Ref. Danish Statistics internet ressource: https://www.statistikbanken.dk 

https://www.statistikbanken.dk/statbank5a/SelectVarVal/saveselections.asp
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recommendations of 1-year follow-up on mortality will lead to inclusion of a number of deaths 
without relation to the surgical procedure. In conclusion, all-cause mortality in fast-track THA 
and TKA is comparable to or lower than previously reported, and often preceded by other 
organ dysfunctions than the immediate cause of death. Consequently, reporting all-cause 
mortality or immediate cause of death may be insufficient for determining surgical quality in 
fast-track THA and TKA as it is often unrelated to the surgical procedure.  

  

Figure 5 Initial organ dysfunction and cause of death, GI: gastrointestinal PE: pulmonary embolism 
“surgery-related deaths (n:28). Jørgensen and Kehlet 2017 Acta Anaesthesiol.Scand71 
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Incidences and distributions of postoperative morbidity over time. 

Despite most evidence pointing at considerable benefits of a fast-track protocol,9, 42, 43 there 
has been few studies investigating time related changes in LOS and readmissions within a well-
established fast-track setup. That the incidence of complications may change with the 
introduction of new surgical techniques, pain management, different types of rehabilitation 
and changes in antibiotic or thromboprophylaxis strategies in THA and TKA is possible.156, 238 
Thus, a British study found that between 2005 and 2014 there was a drop in reported 
complications from 3.3% to 2.8%, but an increase in occurrence of lower respiratory tract 
infections and renal failure (0.54% to 0.84% and 0.21% to 1.09%, respectively).238 An increase in 
renal failure from  >4% to >8% between 2006 to 2016  has also been reported from the U.S. 
using the Premier Healthcare Database.239 In Denmark, Husted et al. evaluated the effect of 
fast-track implementation on national LOS between 2000-2009, and found a drop in median 
LOS from about 11 to 4 days within this period.153 However, this was in the beginning of fast-
track implantation in Denmark and no further detailed evaluations on the effects of continuous 
refining of a well-established fast-track protocol has been conducted. 
As fast-track protocols comprise many aspects of perioperative care, the lack of such time-
related data evaluating outcomes in fast-track THA and TKA may be problematic. In 2019 two 
national registry based studies from the U.K. were unable to find time-independent reductions 
in LOS after what they defined as “national implementation” of enhanced recovery after 
surgery (ERAS) protocols in TKA240 and THA.241 Surprisingly, it was found that the introduction 
of ERAS maintained or even slowed the pre-existing secular trends of both decreasing LOS and 
complications. However, there was no clear definition of what comprised an ERAS-protocol and 
mean LOS at study start was about 6 days with a reduction of only 2 days during the 8-year 
period. Furthermore, LOS in patients >85 years was even considerably longer than reported by 
Starks et al. in selected patients from the U.K. from 2007-2009.11 Interestingly, in TKA, the 6-
month complication rate declined from about 4% at the start of ERAS implementation to 2% at 
the end, but not attributable to ERAS implementation in the secular analysis. As further 
reductions in complications after ERAS introduction were limited, the authors concluded that 
6-month complication rates were stable.240 In THA complications appeared to increase on a 
monthly basis during ERAS implementation but ultimately stabilized. Nonetheless, the 
proportion of 6-month complications in THA was reduced from 4.1% to 1.7% at the end of 
protocol or on time of implementation. Such weaknesses, combined with a very low total 
complication rate of only 1.6%, likely due to use of a limited number of diagnostic codes, and 
lack of details on follow-up completeness240, 241  further complicates data interpretation. Also, 
the lack of a clear definition of the used ERAS protocol is problematic, especially considering 
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that an audit by the U.K. Department of Health Enhanced Recovery Partnership Program found 
an association between compliance with individual components and reductions in LOS.242 The 
same findings have been made in Spain, where increased overall adherence to ERAS protocols 

was associated with improved the study period.241  
Unfortunately, both studies excluded patients with a LOS >15 days, had no information on the 
implemented components of the ERAS postoperative outcomes after THA and TKA. However 
an association could only be documented in few individual components.243 Another large 
retrospective study using the Premier Database from the U.S. which also investigated the 
utilization of ERAS components and their effect on complications.244 found that the number of 
included ERAS components increased from 2006 to 2016, and supported that reduction in 
postoperative complications, as well as a reduction in LOS from 3 to 2 days, was related to 
ERAS protocol adherence.244  
Study XI of this thesis evaluated the time-related trends in LOS, readmissions and specific types 
of morbidity within the LCDB where all departments have well-established fast-track protocols 
and with a continued focus on further refinement of these.245 The study found a continuous 
reduction in LOS from median 3 days in 2010 to 1 day in 2017, but no changes in readmissions 

Figure 6. Changes in LOS, readmissions and mortality from 2010-2017 in 9 dedicated fast-
track departements. Adapted from Pedersen et al. Scientific Reports; 202087 
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and mortality (figure 6).   
“Medical” readmissions decreased slightly from 4.3% to 3.2%, while “surgical” readmissions 
increased slightly from 2.7% to 3.6%. (figure 7). The reduction in LOS >4 days was primarily due 
to fewer patients having a LOS >4 days with no recorded morbidity but also due to a reduction 

in “medical” complications. Interestingly, the reduction of patients with LOS >4 days but no 
recorded morbidity was monotonic throughout the time-period (figure 7). In contrast, the drop 
in LOS >4 days due to “medical” complications began in 2014 and onwards (figure 7+8 ), 
coincident with the introduction of preoperative high- dose methylprednisolone.81  
It is not surprising that the drop in LOS did not continue at the initial pace found by Husted et 
al.,153 as most of the “low-hanging” fruits would have been identified after a decade of 
implementation. However, the results suggest a continuous logistic improvement and 
reduction in both minor complications not mentioned in the discharge records, as well as in 
medical morbidity during admission. A weakness of the study is the lack of data before fast-
track implementation or on other Danish arthroplasty departments outside of the LCDB. 

Figure 7. Distribution of morbidity resulting in LOS >4 days or readmissions. Adapted from 
Pedersen et al. Scientific Reports; 202087 
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Thus, the study cannot conclude whether these changes would have happened regardless of 
participation in the LCDB or implementation of fast-track protocols. However, as many 
concepts of fast-track protocols are now considered “standard of care” e.g. limiting period of 
fasting prior to surgery, use of opioid sparing analgesia, prophylactic antibiotics and avoidance 
of hypothermia, the discussion of whether to adhere to such principles seems affluent. Finally, 
the reports from both Spain, the U.K. and the U.S. suggest that there are differences with 
regards to postoperative outcomes, depending on adherence to ERAS-protocols, and that 
mainly the use of early mobilization may influence postoperative morbidity242-244Consequently, 
the key message of study XI is that the continuous use and refinement of fast-track protocols, 
including introduction of high-dose methylprednisolone,81 reduced utilisation of urinary 
catheters94 and increased focus on specific risk-patients (e.g. blood-management in anaemics58, 
avoidance of NSAIDs in patients with impaired renal function64) through continuous scientific 
collaboration and evaluation of outcome data114 may lead to further reductions in LOS and 
morbidity even several years after successful implementation of a fast-track protocol. 
However, readmissions remain an unsolved challenge.  

Figure 8. Distribution of individual types of ”medical” morbidity leading to LOS >4 days. GI: 
Gastrointestinal VTE: venous thromboembolic event. Modified from Pedersen et al. Scientific 
Reports; 202087 
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Preoperative risk factors 

It has been estimated that about 10-20% of mixed surgical patients account for about 80-90% 
of all postoperative deaths.234, 246 Although mortality after THA and TKA is low compared to 
other procedures and with a substantial decrease through the last decades,229-231, 247 numerous 
studies in THA and TKA have linked comorbidity burden with risk of early death.247, 248 
Consequently, much effort has been done to identify patient-related characteristics associated 
not only with mortality,25, 184, 246, 249-252 but also with increased LOS and readmissions.32, 120, 253-256 
However, a substantial amount of the current evidence is based on data gathered 10-20 years 
ago,25, 32, 184, 222, 252, 253, 257, 258 and the results may therefore not necessarily apply to modern 
clinical practice. Furthermore, in THA and TKA specifically, there are numerous large American 
database studies on preoperative risk-factors and with reported mean LOS of 2-3 days. 
However, 30-70 % of patients having surgery in the U.S. are typically discharged to skilled in- or 
out-hospital nursing facilities,259, 260 which is conflicting with the fast-track concept of functional 
discharge criteria and severely limiting generalizability of results to other countries and health-
care systems.   

Age 

The number of surgical procedures which elderly patients have been offered has increased 
with the introduction of less invasive procedures and improved postoperative care.261 
However, combined with a reluctance to include elderly patients in clinical trials, there has 
been a scarcity of data on elderly patients with regards to postoperative interventions and 
outcomes.262, 263 Regardless, age has repeatedly been found to be an independent risk factor 
for prolonged LOS and readmission in various types of surgery264, 265 including THA and TKA.118, 

266-269 Reasons for increased LOS in elderly surgical patients may be related to both increased 
comorbidity and decreased physiological reserves,270, 271 leading to increased convalescence272, 

273 and discharge to skilled nursing facilities.274-276  However, the cut-off for patients being 
considered too old for surgery has increased throughout the last decades,261, 277 which is 
reflected in an increasing number of studies focusing on THA and TKA in patients aged >90 
years.278-280 Furthermore, despite an increased risk of prolonged LOS and complications, the 
functional outcome and/or satisfaction after THA and TKA in the elderly is comparable to in 
younger patients.30, 281 
In study I of this thesis it was found that age > 75 years was an independent predictor of a LOS 
>4 days (OR: 1.09 to OR: 4.10).56 However, median LOS was 2-3 days until age >85 years and  
more than 75% of patients aged >80 years had a LOS ≤4 days.56 That increasing age may be an 
independent risk factor for increased LOS has previously been documented in THA and TKA,30, 
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117, 266 but not specifically within a fast-track protocol. Furthermore, in study I the quantitatively 
largest reduction in LOS was in patients >85 years (> 8 days vs. ≈ 5 days), when comparing to a 
previous study investigating outcomes in THA and TKA patients >80 years without a fast-track 
protocol.266 But, despite the inclusion of consecutive procedures, the limited information on 
comorbidity and standard of care prohibit direct comparisons.266 
That the benefits of a fast-track protocol in THA and TKA may be more pronounced in elderly 
patients was also suggested by Starks and colleagues in 116 selected patients ≥85 years having 
THA and TKA within an enhanced recovery protocol between 2007 and 2009.11 They found a 
reduction in median LOS from 8 to 5 days within their own institution and with no increase in 
emergency readmissions after introducing an enhanced recovery protocol. Furthermore, the 
decrease in LOS was even larger when compared to national British data from the same 
period,11 and their LOS was even comparable to national British data about 10 years later.240, 241 
However, the study was limited by being a single institution with few patients and several 
selection criteria for being included in the fast-track protocol.11  
Study VII specifically focused on outcomes in fast-track THA and TKA patients ≥85 years and 
found a median LOS of 3 days and that 93% were discharged to home.75  Of those who stayed 
>4 days about 25% had postoperative anaemia or unsatisfactory mobilization,75 however, the 
distribution between “medical” and “surgical” reasons for LOS >4 days was no different from 
those < 85 years (figure 9). That focus on perioperative blood management and preoperative 
anaemia may be of increased importance in elderly patients was further supported by about 
25% of patients with LOS >4 days remaining in hospital due to a need for blood transfusions.75 
This is in accordance with a small study in 112 TKA patients >75 years showing that 
“prolonged” LOS was associated with use of walking aids and low perioperative haemoglobin 
levels, albeit with a mean LOS of 6.25 days.282 However, current evidence on transfusion 
thresholds does not support a more liberal transfusion policy283 including in elderly patients.284 
That patients should not be discharged until they fulfil strict functional discharge criteria is of 
major importance in fast-track surgery, but little data exist to confirm that this is always the 
case. Thus, the findings of 93% discharge to home is encouraging and in contrast to reports 
from the U.S. where between 30% and 70% of patients are discharged to skilled nursing 
facilities or in-hospital rehabilitation units,221, 259, 260 despite very limited evidence on improved 
outcomes.285, 286 285  Thus, one study from 2014 reported increased readmission rates in 
patients discharged to in-hospital rehabilitation,287 while another reported impaired functional 
measures but higher ASA-scores.288 Furthermore, it has been shown that patients requiring 
critical care services in the U.S., are also more likely to be discharged to rehabilitation units.275
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However, in study VII, one department accounted for more than half of the 7% of patients 
discharged to a care-facility and with no difference in comorbidity or readmissions between 
patients with and without home discharge (figure 10).75 This calls for further assessment on the 
indication for discharge to rehabilitation units within a fast-track protocol.  
Study I also found that an age ≥85 years was independently associated with 90-days 
readmissions56 and study VII found 30-day readmission rate of about 14%,75 considerably 
higher than the 6-7% in fast-track cohorts including all ages.56, 58 However, these numbers 
appear consistent with a large database study on TKA in nonagenarians with readmission rates 
of 10-12%.278 Unsurprisingly, the fraction of “medical” complications leading to readmission 
increased in patients aged ≥85 years to about 75%75 vs. 60% in the those <85 years (figure 9).  
Furthermore, examination of the causes of readmissions revealed that the majority of 
“medical” causes were falls, disproved VTE and cardiac problems.75 In contrast, postoperative 
delirium seems to be a minor problem in elderly patients having fast-track THA and TKA, as it is 
the cause of a LOS >4 day in only about 0,7% of patients >70 years.72 The findings of Study VII 
were reinvestigated in a subsequent study from the LCDB with an expanded cohort of 1427 
procedures in patients aged ≥85 years finding.85 In this study, the median LOS as well as the 
number of patients with LOS >4 years decreased by about 1 day and from 32% to 18%  

Figure 10 From Pitter et al. Anesth & Analg 201675 
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between 2010 and 2017, respectively.85 However readmission rates and mortality remained 
stable, much reflecting the results of study XI. 
In conclusion, fast-track THA and TKA in elderly patients is feasible and may yield a large 
reduction in LOS. However, issues remain regarding specific medical complications and 
readmissions. Thus, patients ≥85 years may benefit from further focus on preoperative 
optimization of haemoglobin and postoperative fall prevention, in example by perioperative 
blood management,289 pre and postoperative conditioning290 and de-prescription to avoid 
polypharmacy291-293 and unnecessary use of psychotropics.294

Living alone 

There is conflicting evidence regarding the importance of living alone with regards to LOS and 
readmissions. Thus, outside of a fast-track setup Macdonald and colleagues found that patients 
who were living alone had up to 3 times higher risk of LOS >7 days after THA and TKA.295  In 
contrast, Raut et al. did not find any association between marital status and LOS,282 while 
Keeney and colleagues only found a trend towards increased risk of LOS >3 days specifically 
after TKA.296 However, neither study provided information on the use of fast-track protocols. 
Also, the study by Raut et al. only included 112 patients preventing adjusted analysis,282 while 
in the study by Keeney et al. about 38% of patients were discharged to other facilities. 
Furthermore, in the Keeney study, there was a significant number of missing data on patient 
characteristics, including whether living alone.296  An early Danish fast-track study from 2005-
2008 found that patients living alone had 25% increased probability of staying for more than 3 
days, but no analysis was made with regards to readmissions.13 Two Dutch fast-track studies 
from in 879 and 477 consecutive TKA and THA patients reported that living alone was 
associated with increased LOS and risk of LOS >2 nights, respectively.297, 298 However, both 
studies were small single-centre studies with limited adjustments for comorbidities.   
Study I investigated the association between living alone, LOS and readmissions in 3112 
consecutive unselected patients having fast-track THA and TKA between 2010 and 2011 in 5 
dedicated fast-track departments. It was possible to adjust for several characteristics and 
missing data was only about 7%. Median LOS when living alone remained at 2-3 days, 
regardless of age (figure 11) and with 85% of patients being discharged ≤4 days.56 However, 
living alone was associated with increased risk of LOS >4 days (OR:1.86  CI:1.40–2.46) in an 
adjusted analysis.  
It could be speculated that patients who live alone more often stay in hospital due to logistical 
problems regarding home arrangements after discharge, despite fulfilling the functional 
discharge criteria. Another possibility is that patients feel unsecure about being alone, and 
consequently either await home-care or temporary rehabilitation placement. Thus, the French 
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clinical guidelines from 2007 on who to transfer to rehabilitation wards after THA and TKA 
advocate for this being dependent mainly on demographic criteria such as age, gender and 
whether living alone, but acknowledging the urgent need for more and better studies.299 

That logistics may be partly influencing a LOS >4 days in patients living alone was supported by 
living alone not being associated with 90-days readmissions (OR:1.18 CI:0.90–1.55),56 although 
an association specifically with fall-related admissions was found in study VII (OR: 2.09 CI:1.20–
3.62).61 Consequently, living alone does seem not dispose towards specific morbidity leading to 
prolonged LOS or with overall risk of readmissions after fast-track THA and TKA. However, it 
may be justified to provide an individualized evaluation of both social network and clinical 
recovery prior to discharge in order to prevent readmissions due falls or insecurity when at 
home, potentially resulting in a slightly prolonged LOS.  

 
  

Figure 11. Association between living alone and LOS in different age-groups. Modified from 
Jørgensen and Kehlet British Journal of Anaesthesia 201356 
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Use of walking aids 

Preoperative use of walking aids has previously been found to influence LOS after THA and TKA 
in smaller cohorts without fast-track protocols,32, 256, 282 and a recent metanalysis on 
preoperative factors affecting LOS after TKA, found that of the four studies assessing use of 
assistive devices, all reported an association with increased LOS.282 However, none reported 
the use of fast-track protocols and in the only two studies with > 1000 patients mean LOS was 5 
and 9.4 days, respectively.32, 300   

Furthermore, the study by Ong and Pua included uni-compartmental procedures and with wide 
use of opioid-based postoperative analgesia.300  
Raut et al. investigated 112 TKA patients aged ≥75 years and found an increase in mean LOS 
from 4,9 without any walking aids to 6,1 day when using a walking stick and 6,9 day when using 
crutches.282 However, apart from the low number of patients preventing adjusted analysis, 
these data are further difficult to interpret in a fast-track context as 34% of patients received 
femoral nerve blocks which may impair postoperative mobility and potentially increase LOS.203  

Figure 12. Association between use of mobility aids and LOS in different age-groups. Modified 
from Jørgensen and Kehlet British Journal of Anaesthesia 201356 
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In fast-track THA and TKA, study in 712 patients having surgery between 2003 and 2005 found 
that use of walking aids increased the probability of a LOS >3 days by 40%. However, this was a 
single centre study from the early days of fast-track arthroplasty with a total mean LOS of 3.8 
days.13  
Study I found about 80% of patients with preoperative use of a walking aids had a LOS of ≤4 
days (figure 12).56 However, use of walking aids was associated with LOS  >4 days (OR: 1.96 
CI:1.47–2.62) and 90-days readmissions (OR: 1.54 CI:1.13–2.10) when adjusting for other 
characteristics.56  The association between preoperative use of walking aids and LOS >4 days 
was found to be even more accentuated in patients ≥85 years (OR: 1.99 CI:1.26–3.15) in study 
VII,75 and was also found when analysing potentially preventable medical morbidity in study 
VIII.65 However, it has not been possible to demonstrate any association between use of 
walking aids and hip dislocations in fast-track THA or with fall-related readmissions in study 
II.60, 61  
A reason for why the use of walking aids may be associated with increased LOS could be that it 
is a surrogate measure for physical capacity and frailty. The frailty syndrome has been 
associated with impaired surgical outcomes and is especially important in elderly patients,301 
but has also been found in about 1 of 5 patients between 40 and 50 years scheduled for 
general surgery.302 Currently,  there is limited knowledge on the use of frailty indices and 
surgical outcomes in fast-track THA and TKA.  Consequently, information on physical capacity, 
i.e. by objective measures,303, 304 detailed evaluation on preoperative falls192, 193 or physical 
impairment305 deserve further investigation within a fast-track protocol, especially in relation 
to preoperative conditioning and postoperative physiotherapy. However, the effect of such 
interventions so far remains uncertain.306 

Cardiopulmonary disease 

Both cardiac and pulmonary disease has repeatedly been associated with impaired 
postoperative outcome after THA and TKA without fast-track protocols26, 117, 118, 249  and may 
complicate both anaesthesia and postoperative convalescence.307-309 Furthermore, the 
consequences of intraoperative cardiopulmonary events i.e. hypotension may be exaggerated 
in patients with pre-existing cardiopulmonary disease.307, 308, 310  
Higuerra et al. investigated 198 THA and 256 TKA patients >65 years and found that COPD, as 
well as chronic heart failure, were the only specific characteristics associated with increased 
LOS, but with no information on mean LOS and discharge destination.311 Yakubek et al. used 
NSQUIP data with 25-30% non-home discharges, and found increased LOS and complications, 
specifically pneumonia, reintubation and prolonged mechanical ventilation in COPD patients 
having THA and TKA.312, 313  In THA Belmont et al. investigated 17.640 patients using NSQUIP 
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data from 2006-2011. They found that 4.9% of patients had perioperative complications and 
that cardiac issues and chronic obstructive pulmonary disease (COPD) were related to a LOS of 
≥4 days.117 Furthermore, COPD was the second most important risk-factor for minor 
complications. However, about 30% of patients had a LOS of ≥4 days and 31% were discharged 
to skilled nursing facilities. Yohe et al. analysed 7730 patients >80 years from the NSQUIP 
database having THA between 2008 and 2014. They found that chronic heart failure was 
predictive for major complications while COPD was associated with unplanned readmissions 
within 30 days of surgery.314 However, there was no reporting of LOS or discharge destinations. 
Pugely et al. used administrative data from the NIS-database and found that pulmonary-
circulatory disorders were associated with increased resource use and about 1.3 days increase 
in LOS after TKA, but with only 25% of patients having routine discharge to own home.315 

 

Figure 13. Association between cardiopulmonary disease and LOS in different age-groups. 
Modified from Jørgensen and Kehlet British Journal of Anaesthesia 201356 
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In TKA, Easterlin et al. analysed NSQUIP-data between 2005 and 2009 and found that 
dyspnoea, but not COPD, was related to return to the operating room in multiple regression 
analysis. Neither characteristic was related with complications or extended LOS.316 Finally, they 
found that recently diagnosed chronic heart failure was the strongest predictor for extended 
LOS. However, extended LOS was defined as LOS >7 days and occurred in 3.3% of patients,316 
preventing any conclusions when using a fast-track protocol. Curtis et al. also used NSQUIP 
data to analyse patients with heart failure having TKA, and found increased LOS, readmissions, 
reoperations and MI’s than controls. 
However, only 251 of 111,634 (0.2%) patients were registered as having heart failure and non-
home discharge occurred in about 30 % of all patients.317 In this context, the limited number of 
patients with heart failure is unsurprising as newly discovered or over heart failure is usually 
considered a contraindication in non-malignant elective non-cardiac surgery.  Consequently, 
the results of these, mainly NSQUIP based, large register studies may not simply be applied to 
fast-track surgery with intended discharge to own home and limited use of general 
anaesthesia.  
Study I was the first study to investigate the influence of pharmacologically treated 
cardiopulmonary disease (CPD) on LOS and 90-days readmissions within an established fast-
track setup with discharge to own home. It was found that 87% of the patients with CPD had a 
LOS <4 days, and median LOS remained 2-3 days regardless of age group (Figure 13).56 
Nonetheless, the OR for a LOS >4 days with CPD was 1.40 (1.03–1.91) and 2.00 (1.45–2.66) for 
90-days readmissions.56 The importance of CPD may primarily be due to pulmonary disease, 
which was found associated with potentially preventable medical morbidity in study VIII.65 In 
contrast, a subsequent Dutch single centre fast-track study in 879 TKAs, was unable to 
demonstrate any association between pulmonary or cardiovascular disease and increased 
LOS.298 Nonetheless, It has been observed that patients with pre-existing cardiac disease have a 
greater risk of cardiac complications,318 including after fast-track THA and TKA.74, 80 Regardless, 
the low incidences of MI and cardiac arrest in fast-track THA and TKA74 may partially explain 
why the influence of pre-existing cardiac disease on overall morbidity in fast-track THA and TKA 
is low. In conclusion, although CPD may influence LOS and readmission in fast-track THA and 
TKA, most patients with these comorbidities can be discharged within 4 days after surgery. 
However, a considerable number of patients with CPD are readmitted within 90-days of 
surgery, often due to cardiac complications. 
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Type-2 diabetes 

Diabetes Mellitus (DM) is one of the classical preoperative risk-factors and is incorporated into 
numerous comorbidity scores such as the Charlson Comorbidity index20 and the ASA-score.18 
The diabetic patient imposes several problems in the perioperative phase such as management 
of oral antidiabetics,293, 319 management of blood glucose,320 renal321, 322 and neurological organ 
dysfunction293 and cardiac disease.319  Furthermore, an association between long-term blood 
glucose control defined as haemoglobin in THA and TKA A1c < 7% and postoperative 
complications after THA and TKA has been found when using NIS,320 but not Kaiser Permanente 
Registry data.322, 323 Finally, the influence of diabetes on postoperative outcomes is further 
complicated by a potentially increased risk of postoperative infections due to elevated blood 
glucose per se in both diabetic325, 326 and non-diabetic patients.327 Consequently, perioperative 
management of diabetic surgical patients has focused on strict control of blood glucose,328, 329 
despite concerns about hypoglycaemia and uncertain effect on postoperative outcomes.330-332  
Increased risk of postoperative complications and prolonged LOS in diabetics having THA and 
TKA has been found in most28, 333, 334 but not all studies.335, 336 In the study by Bolognesi at al. 
using NIS data from 1988-2003, the authors found an increased number of complications in 
diabetic patients except for MI. Strangely, mean LOS was slightly increased in non-diabetics but 
was 5-6 days in both groups, and discharge to own home only occurred in about 30% of 
patients.28 Two Spanish studies using Spanish National Health Database data from 2001-2008 
and 2010-2014,  found increased risk of prolonged LOS, mortality and in-hospital complications 
in THA and TKA patients with type-2 diabetes (T2D), but without use of a fast track protocol 
and a mean LOS of > 7 days.333, 337 Two more recent studies using NSQUIP data from 2005 to 
2014 but again without mention of fast-track protocols, also found greater risks of 
postoperative adverse events and extended LOS (>5 days),338  and 30-days readmissions, 
mortality and “medical” but not “surgical” complications in patients with insulin dependent vs. 
patients with non-insulin dependent diabetic mellitus.339 Finally, in a secondary analysis of data 
from the APEX trial, Lenguerrand et al. did not find any relationship between diabetes, 
haemoglobin A1c and increased LOS after adjusting for confounders.340 However, the APEX trial 
which investigated the effect of local infiltration analgesia on chronic postoperative pain used 
femoral nerve-blocks in all patients, had a median LOS of 5 days and only included 64 patients 
with diabetes.341 
Thus, few studies in THA and TKA have focused on adherence to fast-track principles, despite 
various components of the fast-track protocol may reduce postoperative insulin resistance, 
hyperglycaemia and the catabolic response.33, 319, 342  These modifications may be especially 
important in diabetic patients and it seems plausible that the implementation of fast-track 
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principles could reduce the importance of DM as a preoperative risk factor. 
Study IX, focused on postoperative outcomes in patients T2D which comprise the largest group 
of diabetic patients presenting for THA and TKA. There was no association between T2D and 
LOS >4 days, 30 or 90-days readmissions or with specific types of “diabetes-related” morbidity 
resulting in LOS >4 days or readmissions after adjusting for other preoperative characteristics 
(figure 14).67 

That T2D per se may have less influence on postoperative outcomes in fast-track THA and TKA 
was further illustrated by a statistically insignificant adjusted “number needed to harm”343 of 
78 for one additional occurrence of a LOS >4 days due to the presence of T2D, increasing to 
957 and 115 for one additional readmission at 30 and 90-days respectively.67 Importantly, 
amongst the 174 type-2 diabetics who needed insulin treatment there was an association with 
“diabetes-related” morbidity and sub-analysis of the few patients with type-1 diabetes found 
21% with LOS >4 days and 18% with 90-days readmissions.67 Consequently, a follow-up study 
including  >4000 patients with both T1D and T2D, but divided by antihyperglycemic treatment 
was designed within the LCDB.344 This larger cohort confirmed found that insulin-treatment but 
also oral antihyperglycemic treatment increased the risk of LOS >4 days. However, oral 
antihyperglycemic treatment was only just statistically significant (OR 1.2 CI 1.00-1.4). The 
reason for this was mainly due to more cases of renal, mobilisation and miscellaneous medical 

Figure 14 Adapted from Jørgensen et al. Anesth & Analg 201567  read: readmissions  
DM: diabetes mellitus 
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issues, mainly in those with insulin treatment which was also associated with increased 30 and 
90-days readmissions.344  
In conclusion, the role of T2D per se as a preoperative risk-factor for increased LOS or 
readmissions may be reduced in fast-track THA and TKA. However, considerations on 
antihyperglycemic treatment may be relevant for preoperative risk-stratification and potential 
reduction of “medical” complications related to blood-glucose levels, as the introduction a 
considerable number of novel combinations of insulins and antihyperglycemics have made the 
optimal perioperative regimens increasingly complex.345, 346 Finally,  the perioperative blood-
glucose level which is most efficient at preventing both hypo- and hyperglycaemia, and how 
best to achieve this has yet to be found.346, 347  

Psychiatric disorder and psychopharmacological treatment 
Recently there has been increasing interest in the role of psychiatric disorders and 
psychopharmacological treatment in relation to surgical outcomes.348, 349 Although it is well 
established that psychiatric conditions may influence long-term functional outcomes in THA350 
and TKA,351, 352 the influence of pre-existing psychiatric conditions upon postoperative length of 
hospital stay and complications is less well described. However, there is growing evidence that 
psychiatric disorders and psychopharmacological treatment may be significant preoperative 
risk factors for postoperative morbidity and mortality, both in mixed surgery353, 354 and THA and 
TKA specifically.348, 355-357 This effect may be linked to differences regarding other comorbidities, 
side effects of psychopharmacological treatment and impaired access to and quality of health 
care.358-360 However, most studies are limited by lack of adjustments for relevant preoperative 
characteristics,361, 362 inclusion of mixed surgical procedures,354 dependence on diagnostic 
coding  or hospital encounters354-356, 361, 363, 364 and limited follow-up.361, 363  
Currently, an association between the SSRIs and increased surgical bleeding and  transfusions is 
now well described in several studies and meta-analyses,349, 365-367  with an increased bleeding 
risk between 12 and 64% according to some authors.366 This is most likely explained by 
inhibition of several pathways for aggregation and clot-formation of thrombocytes,368  as well 
as a reduction in the number of coated platelets.369In one of the largest studies of more than 
500.000 patients having mixed major surgery, Auerbach and colleagues found that 
perioperative use of selective serotonin reuptake inhibitors (SSRI) significantly increased the 
likelihood of mortality, bleeding and 30-days readmission. This effect was present, regardless 
of differentiating between those with SSRI the day before surgery and those with only 
postoperative use.370 However, as the effect of SSRIs was attenuated amongst patients with a 
diagnostic code of depression, conclusions on whether the results were due to the psychiatric 
disorder or SSRIs per se were limited. In THA and TKA, Klement et al. used Medicare data and  
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Table 7. From Jørgensen et al. Anesthesiology 201568 

Multiple logistic regression analyses on postoperative outcomes in 8,145 total hip and knee arthroplasties.a 

 
Variable  

LOS>4 30-days readmissions 90-days readmissions 
OR (95%CI)       P-value OR (95%CI)  P-value OR (95%CI)  P-value 

PsD overall (n:911)  1.90 (1.52-2.37) <0.001 1.93 (1.49-2.49) <0.001 1.68 (1.34-2.10) <0.001 
“potential” PsDb  (n:331) 2.00 (1.43-2.81) <0.001 1.30 (0.84-2.02) 0.238 1.50 (1.05-2.14) 0.024 
Age (yrs) 

<50 
50-60 
61-65 
66-70 
71-75 
76-80 
81-85 
<85 

 
1.29 (0.83-2.01) 
0.68 (0.47-0.99) 
0.71 (0.49-1.03) 
1 
1.46 (1.08-1.96) 
2.18 (1.62-2.93) 
2.94 (2.13-4.07)  
4.15 (2.78-6.18) 

 
0.251 
0.043 
0.068 
Ref 
0.013 
<0.001 
<0.001 
<0.001 

 
0.60 (0.34-1.08) 
0.88 (0.61-1.27) 
0.80 (0.55-1.17) 
1 
1.42 (1.03-1.96) 
1.48 (1.05-2.08) 
1.57 (1.06-2.34) 
2.49 (1.55-4.03) 

 
0.087 
0.491 
0.251 
Ref 
0.033 
0.025 
0.024 
<0.001 

 
0.83 (0.54-1.27) 
0.85 (0.63-1.14) 
0.73 (0.53-1.00) 
1 
1.28 (0.98-1.66) 
1.21 (0.91-1.62) 
1.44 (1.04-2.01) 
1.97 (1.30-3.00) 

 
0.387 
0.274 
0.048 
Ref 
0.073 
0.192 
0.029 
0.001 

BMI 
<18.5 
18.5-24.9 
25.0-29.9 
30.0-34.9 
35.0-39.9 
>39.9 

 
1.34 (0.61-2.94) 
1 
0.95 (0.77-1.17) 
1.06 (0.83-1.37) 
1.56 (1.12-2.18) 
1.29 (0.75-2.23) 

 
0.471 
Ref 
0.618 
0.644 
0.009 
0.361 

 
0.53 (0.16-1.77) 
1 
0.86 (0.67-1.09) 
1.04 (0.79-1.37) 
1.07 (0.71-1.59) 
0.53 (0.23-1.24) 

 
0.297 
Ref 
0.213 
0.794 
0.757 
0.143 

 
0.54 (0.19-1.54) 
1 
0.92 (0.75-1.13) 
0.98 (0.77-1.25) 
1.07 (0.76-1.49) 
0.44 (0.21-0.92) 

 
0.248 
Ref 
0.431 
0.889 
0.814 
0.030 

Male vs Female 0.88 (0.73-1.06) 0.185 1.29 (1.04-1.59) 0.019 1.20 (1.00-1.44) 0.045 

TKA v THA 1.25 (1.05-1.48) 0.013 0.95 (0.78-1.16) 0.609 0.94 (0.80-1.12) 0.507 
Living with others 
Living alone 
Living in institution 

1 
1.54 (1.28-1.85) 
1.50 (0.71-3.20) 

Ref 
<0.001 
0.291 

1 
1.14 (0.92-1.41) 
1.44 (0.59-3.54) 

Ref 
0.241 
0.422 

1 
1.03 (0.86-1.24) 
1.49 (0.70-3.19) 

Ref 
0.735 
0.301 

Use of walking aids 2.13 (1.77-2.56) <0.001 1.53 (1.23-1.91) <0.001 1.64 (1.37-1.93) <0.001 
Smoking 1.19 (0.93-1.53) 0.165 1.61 (1.25-2.07) <0.001 1.24 (0.99-1.55) 0.065 
Alcohol >2 units a day 0.87 (0.59-1.27) 0.468 0.76 (0.50-1.14) 0.187 0.83 (0.59-1.16) 0.277 
Pulmonary disease 1.41 (1.08-1.85) 0.012 1.46 (1.07-1.98) 0.017 1.48 (1.14-1.92) 0.004 
Cardiovascular disease 1.48 (1.21-1.80) <0.001 1.39 (1.10-1.75) 0.004 1.43 (1.18-1.74) <0.001 
Type-1 diabetes 
Type-2 diabetes 

2.69 (1.19-6.12) 
1.27 (0.99-1.63) 

0.018 
0.061 

1.97 (0.75-5.18) 
0.97 (0.71-1.33) 

0.171 
0.859 

2.37 (1.06-5.28) 
1.15 (0.89-1.48) 

0.035 
0.290 

Preoperative anemia 1.92 (1.57-2.35) <0.001 1.43 (1.11-1.83) 0.005 1.33 (1.07-1.65) 0.010 
PsD stratified by psychopharmacological treatmenta,b     
SSRI (n:394) 2.19 (1.62-2.97) <0.001 1.97 (1.38-2.82) <0.001 1.77 (1.29-2.43) <0.001 
Other antidepressants 
(n:291) 

1.81 (1.25-2.61) 0.002 2.24 (1.51-3.31) <0.001 1.82 (1.27-2.61) 0.001 

SSRI+other 
antidepressants (n:73) 

1.05 (0.49-2.27) 0.893 0.88 (0.31-2.47) 0.803 0.91 (0.38-2.16) 0.829 

Antipsychotics (n:153) 1.90 (1.62-3.16) 0.013 1.85 (1.03-3.31) 0.040 1.49 (0.88-2.55) 0.141 

Number of patients included in analysis differs from the total number of patients due to missing data. All 
covariates were defined a priori. a The stratified analysis was adjusted for the above confounders, but excluding 
the “potential PsD patients. b  Patients without PsD used as referenceBMI: body mass index CI: confidence interval 
LOS: length of hospital stay OR: odds ratio PsD: psychiatric disorder SSRI: selective serotonin inhibitors THA: total 
hip arthroplasty TKA: total knee arthroplasty  
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found increased 30-day occurrence in about 80% of “medical” and 90% of “surgical” 
complications, including bleeding in patients with psychiatric diagnoses. But both studies 
lacked information psychopharmacological treatment, fast-track protocols or discharge 
destination,355, 356 precluding conclusions on the effect of psychotropic treatment or relevance 
within fast-track surgery. 

 
Study V was the first to investigate the influence of psychiatric disorder with psychotropic  
treatment (PsD), defined as reimbursed prescriptions on psychopharmacological treatment 
with sufficient doses to include day of surgery) on LOS, readmissions and mortality within a 
well-defined fast-track protocol. It found a pronounced increased risk of LOS >4 days, 30 and 
90-days readmissions amongst the 11% of patients with PsD 68 Interestingly, this applied to all 
patients regardless of prescriptions on SSRIs, other antidepressants or antipsychotics and after 
adjusting for comorbidity and lifestyle related characterstics.68 The results were also largely 

Table 8. From Jørgensen et al Anaesthesiology 201568 

Influence of an unmeasured confounder with odds ratio of 2.0 on length of hospital stay >4 days 
Pc 

PPsD 0 0.1 0.2 0.3 0.4 0.5 
0 1.90 (1.52-

2.37)      
0.1 1.73 (1.38-

2.15) 
1.90 (1.52-
2.37)     

0.2 1.58 (1.27-
1.98) 

1.74 (1.39-
2.17) 

1.90 (1.52-
2.37)    

0.3 1.46 (1.17-
1.82) 

1.61 (1.29-
2.01) 

1.75 (1.40-
2.19) 

1.90 (1.52-
2.37)   

0.4 1.36 (1.09-
1.69) 

1.49 (1.19-
1.86) 

1.63 (1.30-
2.03) 

1.76 (1.41-
2.20) 

1.90 (1.52-
2.37)  

0.5 1.27 (1.01-
1.58) 

1.39 (1.11-
1.74) 

1.52 (1.22-
1.90) 

1.65 (1.30-
2.05) 

1.77 (1.42-
2.21) 

1.90 (1.52-
2.37) 

0.6 1.19 (0.95-
1.48) 

1.31 (1.05-
1.63) 

1.43 (1.14-
1.78) 

1.54 (1.24-
1.93) 

1.66 (1.33-
2.07) 

1.78 (1.43-
2.22) 

0.7 1.12 (0.89-
1.39) 

1.23 (0.98-
1.53) 

1.34 (1.07-
1.67) 

1.45 (1.16-
1.81) 

1.56 (1.25-
1.95) 

1.68 (1.34-
2.09) 

0.8 1.06 (0.84-
1.32) 

1.16 (0.93-
1.45) 

1.27 (1.01-
1.58) 

1.37 (1.10-
1.71) 

1.48 (1.18-
1.84) 

1.58 (1.27-1-
98) 

0.9 1.00 (0.80-
1.25) 

1.10 (0.88-
1.37) 

1.20 (0.96-
1.50) 

1.30 (1.04-
1.62) 

1.40 (1.12-
1.75) 

1.50 (1.20-
1.87) 

1 0.95 (0.76-
1.19) 

0.52 (0.42-
1.30) 

1.14 (0.91-
1,42) 

1.24 (0.99-
1.54) 

1.33 (1.06-
1.66) 

1.43 (1.14-
1.78) 

PPsD: Prevalence of unmeasured confounder in patients with psychiatric disorder (PsD) Pc: Prevalence of 
unmeasured confounder in controls. Results are the new odds ratio with 95% confidence intervals for PsD. Bold 
line marks cut-off for no significance for PsD, blanks are where odds ratio for PsD would have increased.  
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similar in 365 patients with suspected psychiatric disorder, but potentially insufficient doses of 
psychopharmacological drugs to include day of surgery (table 7). An accompanying robustness 
analysis found that to negate the influence of PsD the risk of LOS >4 days, an unmeasured 
confounder with an independent OR of 2.0 would have to be present in 50% of the patients 
with PsD and in none of those without (table 8).  That PsD is an important risk-factor in fast-
track THA and TKA was further supported by the association between PsD and potentially 
preventable medical morbidity demonstrated in study VII.65 Furthermore, study II focusing on 
post-discharge falls as well as an additional LCDB study on hip dislocations with details on type 
of prosthesis, complete and detailed follow-up and adjusting for several preoperative 
characteristics, found significant associations with preoperative PsD.60, 61  In this context, one of 
the main questions is whether this is due to PsD per se or the psychotropic treatment? 
That the use of psychotropic drugs may despise towards impaired balance and increased risk of 
falling is well known from studies in hospitalized patients not having surgery,190, 195, 371 as well 
on community dwellers,372 possibly related to side-effects such as sedation, impaired reflexes 
and increased reaction time294 Consequently, further studies based on the LCDB in patients 
with PsD outside of this thesis were conducted. Thus, a follow-up study on the same cohort but 
including data on postoperative transfusions from the Danish regional transfusion databases, 
found that although the risk of transfusion were almost doubled in patients using SSRIs, there 
was also a significantly increased risk of blood transfusions with other types of 
psychopharmacological treatment.69 Importantly, another follow-up study explored whether 
PsD patients having been in contact with any Danish psychiatric hospital had worse 90-days 
outcomes, compared to those being treated in private practice or by their general practitioner. 
This study did not find an increased risk of LOS >4 days or readmissions in patients with, 
presumably more severe psychiatric disorder needing in-hospital psychiatric treatment,63 
further supporting that psychotropic treatment may be the more important risk-factor. Finally, 
a prospective study on psychiatric characteristics in 2183 fast-track THA and TKA patients, was 
unable to find significant differences in psychiatric symptoms when compared to a Danish 
background population.373 Thus, the PsD associated risk seems less likely to be due to specific 
psychiatric characteristics in the THA and TKA population but rather related with the 
psychotropic treatment per se. 
In conclusion, the presence of preoperative PsD is an important preoperative risk-factor in fast-
track THA and TKA. Currently this seems to be primarily related to the use of psychotropics and 
not the PsD per se.  However, despite previous suggestions on pre- and perioperative 
anesthetic risk-stratification367, 374 and handling of psychopharmacological treatment,349, 367, 375 
the effect and safety of withholding or reducing psychotropic drugs prior to surgery remains 
undecided.348, 376, 377  
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LOS ≤4 days, an independent risk factor for readmissions? 

A common concern of reducing LOS after THA and TKA is the potential increase in readmission 
rates or that patients are unable to manage upon returning to their homes. It is difficult to 
argue against the benefits of being in hospital if a life-threatening complication occurs, which 
was why Parvizi and colleagues cautioned against a LOS of <2 days after finding that >90% of 
potentially fatal complications in a non-fast-track setting, occurred within the four initial 
postoperative days.378  However, the occurrence of potentially fatal complications such as 
myocardial infarctions and thromboembolic events within the first postoperative week has 
been found to be only about 0.3% in fast-track THA and TKA,62, 80, 379 as opposed to about 2% in 
the Parvizi study.378 Furthermore, mortality within the first week in discharged patients was 
almost negligible,71 likely due the need for fulfilling the functional discharge criteria prior to 
discharge. Whether a short LOS increases the risk of readmissions has been investigated in 
several of fast-track studies, including several in this thesis. Thus, in study I the OR for 90-days 
readmissions with a LOS ≤4 was 0.78 (CI:0.52–1.19)56 while OR for readmission due to falls in 
study II was 1.19 (CI:0.52-1.28).61 Also, in selected patients Starks et al. found a 45% reduction 
in readmissions despite a reduction in LOS from median 8 to 5 days.11 The same findings of no 
increase in readmissions despite reductions in LOS has been reported from other institutions 
with fast-track protocols in the U.K.43, 380 Norway,42  and the Netherlands.12 Finally, a single-
centre study from the U.S with a mean LOS of about 5 days, found no increase in readmissions 
specifically due to “failure to cope” after discharge in patients with a LOS of ≤ 3 days.381  
In the context of a short LOS, there has been an increase in reports of THA and TKA as 
outpatient procedures in selected patients with limited comorbidities and a functioning social 
network.382-385 However, data of the fraction of patients eligible for outpatient procedures in an 
unselected population are limited,386 but may be as high as 30-50%.95 Currently, some authors 
have found an increased risk of postoperative complications and readmissions in patients 
having outpatient surgery,380, 387 including cardiac and pulmonary complications.388 However, 
whether this would also apply to outpatient surgery with dedicated fast-track protocols is 
uncertain,389 and a small propensity matched cohort in fast-track THA and TKA found no 
readmissions within 48 hours of discharge or relation to surgery and only slightly increased 90-
days readmission rates (6% vs 4%).86  
Nonetheless, some authors have suggested that like in outpatient surgery, fast-track protocols 
should only be applied to selected patients deemed “fit” enough.10, 389, 390 However, the 
reduction in LOS should not be a goal by itself but rather a result of supplying the best possible 
level of care with a “first better, then faster” approach.386 In this context, it seems 
counterintuitive not to provide the best evidence-based care to patients with high age or 
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comorbidity. In conclusion, while selection criteria of some sort are necessary for safe 
outpatient surgery,391 the use of fast-track protocols but with a consideration on relevant 
patient-comorbidities in unselected populations is a different matter.  
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The construction of a preoperative risk-score for potentially 
preventable “medical” complications. 
 
Identification of preoperative risk factors is merely the first step in establishing why the surgical 
high-risk patient is at risk. The second step is to identify how to prevent postoperative 
complications either through preoperative optimization, postoperative intervention or both.  
Preoperative optimization in THA and TKA is potentially problematic due to limited modifiable 
risk-factors, mainly smoking, alcohol use and BMI, all which have shown limited relevance in a 
fast-track setup.57, 73 Nonetheless, a recent review in THA and TKA found decreased LOS and 
readmissions, especially surgical site infections, with use of preoperative screening 
protocols.392 However, of the eight included studies, none had fast-track protocols and there 
was a wide variation in definitions of successful preoperative screening. Thus, some studies 
considered referral to appropriate specialties to be sufficient while others required actual 
attempts at intervention.392   
Postoperatively, rounds by anaesthesiologists may improve outcomes after hip fractures,393 
just as rounds by medicine physicians after colectomies394 and workouts by geriatric services in 
mixed elective procedures.395, 396 However, the necessary interventions may be highly 
procedure specific and no such data exist after fast-track THA and TKA. In this context, the 
Association of Anaesthetists of Great Britain and Ireland now support the expanded role of 
senior geriatricians in coordinating perioperative care in all elderly surgical patients, supported 
by senior anaesthesiologists and surgeons.271 Interestingly, the guideline provide no details 
about what this expanded role should include as the focus is mainly on choice of anaesthesia, 
hemodynamic management and immediate postoperative care.271   Correspondingly, the ASA 
have launched an initiative called the Perioperative Surgical Home, with the intention of 
anaesthesiologists having a central role in coordinating the entire surgical course, from 
preoperative workout to after discharge.397, 398 Noteworthy, the lack of mentioning of other 
staff, e.g. surgeons, nurses, physiotherapists etc.398 prompted immediate response from 
several surgeons.399 
Finally, as demonstrated in the study on fall-related admissions, not all readmissions after THA 
and TKA are necessarily preventable. In a meta-analysis on studies in surgical, medical and 
geriatric patients, in which an evaluation on preventability had been performed, Walraven and 
colleagues found that less than one of four urgent readmissions within 30 days of 
hospitalization were deemed avoidable.105 This number has been shown to vary with the 
teaching status of the hospital and the number of reviewers evaluating preventability.107 
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Furthermore, differences in criteria for avoidable readmissions (e.g. predefined diagnostic 
codes vs. evaluation of patient records) and limitations on available data may also influence 
evaluation of preventability.105, 106  
Most existing risk-scores and indices are not based upon fast-track care and without an 
evaluation of preventability,18-21 perhaps contributing to the lack of demonstrated benefits of 
preoperative risk-stratification tools.400 A study using NSQUIP data on THA and TKA between 
2011 and 2012, but without information on use of fast-track protocols, LOS or discharge 
destination, investigated the association between reoperations, readmissions, mortality, 
“medical” and “surgical” complications and the CCI, the ASA-score and specific patient 
characteristics. They found that only the ASA-score was significantly associated with four of 
five ouctomes, but although it was more reliable than the CCI, it was insufficient as a risk-
stratification tool by itself.120 However, due to strict criteria for relevant readmissions and a 
follow-up of only 30 days, no more than 5 % of all patients had registered adverse events.120  
Interestingly, the ASA-score was never designed to predict surgical risk, but rather to provide a 
common reference point when comparing the health of patients,18 potentially explaining why it 
may be insufficient for clinically relevant risk-prediction in THA and TKA.  Using the State 
Inpatient Database, Siracuse et. al developed a prediction scale for 30-days readmissions after 
THA.401 Based on various preoperative and procedure-related characteristics they developed a 
score from 0-40 points demonstrating a 0.36% increase readmission risk for each point. 
However, the study mixed primary and revision procdures, and did not consider whether 
readmissions were “surgical” or “medical”. Furthermore, only 20% of patients were discharged 
to own home, 20% had a LOS >4 days, and 30-days readmission rates due to VTE was 2%,401 
considerably different from when using a fast-track protocol.    
Consequently, Study VIII is the first study attempting to construct a preoperative risk-score for 
“preventable” morbidity resulting in either LOS >4 days or readmissions in fast-track THA and 
TKA.65 It was found that defining a high-risk population using a cut-off of ≥2 of 6 relevant 
preoperative risk-factors (age >80 years, use of walking aids, use of anticoagulants, anaemia, 
pulmonary disease or PsD) was statistically possible. Using this definition for the “high-risk fast-
track THA and TKA patient” would include about 20% of all patients who in turn accounted for 
about 60% of all “potentially preventable medical complications” (figure 15).65 However, the 
total incidence of preventable complications in the cohort was 6.4% and only 4.2% were 
“medical”. Furthermore, even a 50% reduction in “preventable medical complications” would 
result in only 91 avoided complications in the 1530 “high-risk” patients.65 
Using the same method, it was found that the incidence of “potentially preventable” “surgical” 
morbidity was 2.2% and associated with only 3 preoperative characteristics, one of which was 
having THA rather than TKA. Consequently, it was not possible to make a meaningful risk 
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prediction model for “surgical” morbidity.65   The study also demonstrated that the type of 
“medical” complications include all organ systems, also in the high-risk 

patients (figure 16).65 This is unfortunate, as it suggests that the effect of a single intervention 
targeting a specific complication may be limited, supporting the need for more multifactorial 
interventions. In contrast, there was only a limited number of types of “surgical” complications 
(figure 17), partly due to our definition of “preventability”. Interestingly were no cases of 
manipulation under anaesthesia (MUA) after TKA in “high-risk” patients. This is in accordance 
with a previous study investigating disposing factors for MUA, where younger age and no use 
of walking aids increased risk of having MUA within 90 days after surgery, probably due to 
these patients having higher levels of activity and maybe also higher functional expectations.66 
In the “high-risk” patients >50% of complications were caused by hip dislocations. An 
association with use of walking aids, increased age and PsD was also previously found in fast-
track THA.60 Unfortunately, no correlation with size or placement of the prosthesis could 
found, and the benefits of i.e. dual mobility cups compared to increased complication risk is 
not yet well established.402 However, as there was a considerable number of dislocations in one 

Figure 15  Number of risk factors and corresponding proportion of “potentially preventable 
medical complications”. Adapted from Jørgensen et al. BMJ-Open 201665 
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department with no use of postoperative restrictions and the primary mechanism of 
dislocation was found associated with squatting or sitting, it could be speculated that “high-
risk” THA patients may benefit from some use of postoperative restrictions. Finally, although 
periprosthetic fracture was not included as “potentially preventable” “surgical” complications, 
a recent fast-track study on the use of cement in THA found a strong association between age 
>70 years, use of uncemented stems and periprosthetic fracture.76 Thus, this type of 
complication may be prevented by increased use of cemented stems in elderly patients with 
reduced bone quality.76, 403 
In summary the “high-risk” patient in fast-track THA and TKA may be defined by ≥2 of the 
following 6 preoperative risk-factors: age >80 years, use of walking aids, anaemia, pulmonary 
disease, use of anticoagulants and PsD. However, this only applies to “medical” and not 
“surgical” complications. Finally, the need for multimodal interventional strategies due to the 
wide range different of medical complications, limits current clinical relevance as data on effect 
of potential interventions are sparse. 
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Future directions  

The studies in this thesis have focused on which, when and in whom postoperative 
complications occur after fast-track THA and TKA.  Thus, for the first time it has been possible 
to provide complete highly detailed 90-days follow-up data on complications leading to LOS >4 
days, readmissions and mortality in unselected patients having fast-track THA and TKA on a 
multicentre level within a socialized health-care system. Hopefully these data will serve to 
qualify argumentations on when and how to focus interventions in future RCT’s or detailed 
observational studies specifically in “high-risk” patients having fast-track THA and TKA.  While 
RCT’s are the gold standard for evaluation of well-defined interventions, large detailed 
prospective observational studies have the advantage of being better suited for investigating 
rare adverse events and intervention effects.52 Thus, the ideal way forward may be an initial 
well-defined cohort study within a mandatory fast-track protocol, followed by a well-defined 
RCT and then continued monitoring through large scale detailed prospective observational 
studies.50 
Although the construction of a preoperative risk-score was possible the diversity of 
complications limited its immediate clinical value. Some of this may be addressed by inclusion 
of factors which have not been considered in the present studies. Thus, this thesis has not 
focused on risk-factors related to the THA and TKA procedure, such as surgeon volume,404 
surgical approach405 and type of prosthesis.406 Furthermore, postoperative risk-scores such as 
the Surgical APGAR-score21 or PostOperative Morbidity Survey (POMS)407 have shown a 
correlation with postoperative mortality and morbidity. However, neither the Surgical APGAR-
score or POMS have been validated in fast-track THA and TKA, and both mortality and POMS 
related morbidity in orthopaedic surgery is low. Other promising approaches include the use of 
preoperative blood samples to identify patients with increased inflammatory responses to 
surgical stress and consequently delayed recovery.408 Another limitation to the proposed risk-
score for fast-track THA and TKA is the lack of an independent validation. However, the risk 
score did correlate with reduced number of “days alive and out of hospital” compared to “low- 
risk patients, 82 although whether this outcome parameter adds to the all-ready established 
knowledge remains questionable. Furthermore, a recent study from the LCDB in patients 
having surgery between 2016-2017 found mostly the same risk-factors to predict a LOS >2 
days.409  
The next logical step for improvement is appropriate interventions in “high-risk” patients. In 
this context, both pre- and postoperative anaemia have consistently been demonstrated to be 
significant risk-factors for postoperative morbidity leading to increased LOS and readmissions 
after fast-track THA and TKA.58, 74, 80 As the benefits of perioperative blood-management and 
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correction of both pre and postoperative anaemia are already recognized strategies for 
improving postoperative outcomes,289, 410 this is an obvious area of interest. 
The use of preoperative glucocorticoids may provide other benefits than pain reduction,92, 411 
as it is associated with a reduction in inflammatory markers after surgery.412 Consequently, it 
could  be speculated that these may provide general benefits on the broad spectrum of 
medical morbidity, as suggested by study XI of this thesis. Importantly, concerns about 
increased number of prosthetic infections with a single dose has not been confirmed.81 Other 
potential strategies include de-prescription in elderly patients to reduce risk of falling293 or 
adverse events due to polypharmacy,291 and attempts to optimize pre-189 and postoperative290 
balance function. As pointed out in several studies, preoperative use of psychotropic drugs 
pose a potential due to increased fall-episodes61, 68, 190 and bleeding.69, 370 However, SSRIs may 
have a role in the analgesic treatment of high-pain responders.411  
Finally, the use of anaesthesiologists, geriatricians or medical internists in the immediate 
postoperative period is sporadic,231,233 despite initial promising results across different surgical 
specialties.242,243 Thus, studies with a systematic approach towards involvement of other 
specialties and focusing on the “high-risk” patients are needed. However, it is crucial that such 
studies are performed within an updated evidence fast-track protocol.114  
The use of thromboprophylaxis also remains an area of important future work. Although it 
seems justifiable to conclude that there is no increased risk of VTEs with in-hospital 
thromboprophylaxis only when LOS is ≤ 5 days, the continued reduction in LOS as well as 
increasing use of outpatient procedures and consequently only 1-2 doses of 
thromboprophylaxis62, 139 questions whether thromboprophylaxis is needed at all.147, 164 
Furthermore, there is a current shift in Europe towards increased recognition of aspirin as 
thromboprophylaxis,157, 413 but with a lack of studies in fast-track THA and TKA.  The same goes 
for revision and simultaneous bilateral procedures, where there are only a few detailed studies 
on risk of VTE within a fast-track protocol.414-417 However, based on the findings of the present 
thesis within primary unilateral fast-track THA and TKA, focus should now be on preoperative 
identification of patients with increased risk of thromboembolic events,74 in whom standard 
prophylactic regimens may be inadequate.62, 74 
In summary, much has been achieved with regards to describing and understanding 
postoperative morbidity and preoperative risk-factors in fast-track THA and TKA. At the same 
time, there has been an encouraging continuous decline in LOS without increase in 
readmissions or mortality. However, we now face a need to look back into the pathophysiology 
of recovery and use the gained knowledge to devise rational strategies for pre- and 
postoperative interventions aimed at reducing readmissions in selected “high-risk” patients.418  
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English Summary 
This thesis on postoperative morbidity and associated risk-factors in fast-track total hip (THA) 
and knee arthroplasty (TKA) is based on a continuously expanding cohort of fast-track THA and 
TKA patients from a multicentre collaboration with prospective data on patient characteristics, 
prescription data from the Danish National Database on Reimbursed Prescriptions and 
complete follow-up through the Danish National Patient Registry and review of medical 
records. Although there are limitations associated with the use of this type of observational 
design, (e.g. subjective evaluation of medical records,107 unmeasured confounding,45 missing 
data45 and overlapping study periods128), such an approach may also provide valuable “real life” 
data not available in randomized controlled trials.45, 52, 53  Thus, the use of detailed individual 
“micro” data from the medical records may contribute with details unavailable in BIG-DATA 
studies.103 This is especially relevant in THA and TKA where postoperative morbidity is generally 
low.  
By analysing detailed information on the causes of length of stay (LOS) >4 days and 
readmissions it was found that the majority of complications are a result of organ dysfunction 
related to the surgical stress-response rather than direct surgical complications,56, 65, 245 and 
most pronounced in patients ≥85 years.75 It was found that the total 90-day incidence of 
postoperative thromboembolic events is about 1%, and with about 0.4% venous 
thromboembolisms despite only in-hospital thromboprophylaxis when LOS is ≤ 5 days and 
excluding the about 4% of patients with preoperative anitcoagulants.62, 139 Furthermore, the 
occurrence of myocardial infarction and cerebral stroke within the first month of surgery was 
0.1%,74 which is about half of previously reported.26, 186 When investigating falls after discharge 
it was found that these occurred in 1.6% of patients, but about 40% of falls after the first 
postoperative month appear unrelated to surgery as they are due to physical activity or 
intrinsic factors.61 Compared to reported fall-rates of up to 2.7% within the first few 
postoperative days,220 there does not appear to be an increased number of fall-related 
admissions after fast-track THA and TKA. Total 90-days mortality was found to be about 0.3%, 
but only about 0.2% considered related to surgery.71 Also, initial organ dysfunction leading to 
mortality was mostly from different organ systems than the organ-related immediate cause of 
death.71 
When evaluating the distributions and developments in LOS, readmissions and mortality over 
time, there was a continuous reduction in median LOS from 3 days in 2010 to 1 day in 2017.245 
This was mainly driven by a reduction in patients with LOS > 4 days and no recorded morbidity. 
However, there was also fewer “medical” complications from 2014 and onwards, coinciding 
with the introduction of high-dose methylprednisolone as part of the fast-track protocol.81 
Despite the reduction in patients with LOS >4 days, no certain reductions were found with 
regards to 90-days readmissions or mortality which remained stable around 8.5% and 0.2%, 
respectively.245  
When investigating preoperative risk factors associated with increased LOS or readmissions, it 
was found that conventional risk factors such as age, diabetes and cardiac disease may have 
less influence when using a fast-track protocol than in a conventional surgical setting56, 65, 67 and 
that other characteristics such as psychiatric disorder with psychopharmacological medication 
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(PsD)68 and anaemia58, 65 may be of more importance. PsD in particular was associated with 
increased risk of having LOS >4 days, readmissions and potentially even surgery-related 
mortality.68 However, increased focus on patients ≥85 years is also needed as about 25% were 
readmitted within 90-days and in-hospital mortality was about 1%.75 Consequently, patients 
≥85 years may be considered “high-risk” despite most having short LOS and with discharge to 
own home. Future studies, especially on fall-prevention and perioperative blood management 
are needed in this particular population, which often has been neglected from randomized 
trials.262 It was also demonstrated that a short LOS does not increase the risk of readmissions 
within 90-days of surgery56, 61 and that the use of a fast-track protocol is feasible and safe in 
unselected patients regardless of age and comorbidity. 
Finally, in an attempt to define the “high-risk” population for potentially preventable medical 
complications, it was found that patients having two or more of the following: age >80 years, 
use of walking aids, use of anticoagulants, anaemia, pulmonary disease or PsD, accounted for 
about 60% of complications, but only present in about 20% of patients.65 However, the 
diversity of complications necessitates multimodal rather than singular interventions, i.e. 
postoperative rounds by anaesthetists, geriatricians or other relevant specialties. 
In conclusion, the studies of this thesis were the first to provide a detailed evaluation of 
postoperative complications after fast-track THA and TKA. Furthermore, it was possible to 
document a continued reduction in LOS, but not readmissions over time. Finally, although it 
was found that the importance of several conventional risk factors may be reduced, patients 
with specific combinations of risk-factors remain a challenge. These patients are especially 
vulnerable with regards to “medical” morbidity caused by surgery-induced organ dysfunction, 
needing focused multimodal perioperative interventions potentially requiring a combination of 
detailed observational and pragmatic randomized clinical trials.50 
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Danish summary 
Denne afhandling omhandlende postoperativ morbiditet og associerede risikofaktorer efter 
fast-track total hofte- (THA) og knæalloplastik (TKA), er baseret på en kontinuerligt voksende 
kohorte af fast-track THA or TKA patienter fra et multicenter samarbejde med prospektive data 
ang. patient karakteristika, recept data fra Dansk National Database for Tilskudsberettigede 
Recepter og komplet follow-up gennem Landspatient Registret og journal gennemgang.  På 
trods af begrænsningerne ved denne type observationelt design (f.eks. subjektiv vurdering af 
journaler,107 umålt confounding,45 manglende data45 og overlappende studie perioder128), kan 
en sådan tilgang også give værdifulde ”real life” data som ikke kan fås gennem randomiserede 
kontrollerede undersøgelser.45, 52, 53 Således kan brugen af detaljerede individuelle “mikro” data 
gennem journalopslag bidrage med detaljer som ikke er tilgængelige i BIG-DATA studier.103 
Dette er særlig relevant ved THA og TKA hvor den postoperative morbiditet generelt er lav.  
Ved at analysere detaljeret information om årsager til indlæggelses tid (LOS) >4 dage og 
genindlæggelser, blev det fundet at størstedelen af komplikationer opstår på baggrund af 
organdysfunktion relateret til det kirurgiske stress-respons snarere end pga. direkte kirurgiske 
komplikationer,56, 65, 245 og at dette er mest udtalt hos patienter ældre end 85 år.75  Det blev 
fundet at 90-dags incidensen for postoperative thromboemboliske events generelt er omkring 
1%, og med kun 0.4% venøse thromboembolier på trods af thromoboseprofylakse kun under 
indlæggelse når LOS er ≤ 5 dage og ekskluderende de ca. 4% af patienter med præoperativ 
brug af antikoagulantia.62, 139 Yderligere opstår myokardieinfarkt og cerebralt stroke kun hos 
0,1% inden for den første postoperative måned,74  hvilket er omtrent halvdelen af tidligere 
rapporteret.26, 186 Da man undersøgte fald efter udskrivelse fandt man at dette skete for 1.6% af 
patienterne, men omkring 40% af fald efter den første postoperative måned lader ikke til at 
være relaterede til kirurgien da de opstår pga. fysisk aktivitet eller udefrakommende faktorer.61 
Sammenlignet med rapporterede fald-rater på op til 2.7% inde for de første få postoperative 
dage,220 lader der ikke til at være et øget antal fald-relaterede indlæggelser efter fast-track THA 
og TKA. Total 90-dages mortalitet var omkring 0.3 %  men kun 0.2% må betragtes som sikkert 
relateret til operationen.71  Yderligere fandtes det at initial organ-dysfunktion ofte var fra et 
andet organsystem end den organ-relaterede umiddelbare primære dødsårsag.71 
Ved at evaluerer distribution og udvikling for hhv. LOS, genindlæggelser og mortalitet over tid, 
fandtes en kontinuerlig reduktion i LOS fra median 3 dage i 2010 til 1 dag i 2017.245 Dette var 
primært grundet en reduktion af patienter med LOS > 4 dage og uden beskrevet morbiditet. 
Dog var der også færre “medicinske” komplikationer fra 2014 og frem, sammenfaldende med 
introduktionen af høj-dosis steroid som en del af fast-track protokollen.81 Trods færre patienter 
med LOS >4 days, var der ingen sikker reduktion mht. 90-dages genindlæggelser eller 
mortalitet som lå stabilt omkring hhv. 8.5% og 0.3%.245  
Ved undersøgelse af præoperative risikofaktorer associerede til øget indlæggelsestid og 
genindlæggelser, blev det fundet at konventionelle risikofaktorer såsom alder, diabetes og 
hjertesygdom, muligvis har mindre betydning i et fast-track setup end ved konventionel 
kirurgisk behandling,56, 65, 67 og at andre karakteristika såsom psykiatrisk sygdom med 
farmakologisk behandling (PsD)68 og anæmi58, 65 er af større betydning. Særlig PsD var 
associeret med øget risiko for LOS >4 dage, genindlæggelser og potentielt endda kirurgi-
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relateret mortalitet.68  Dog er øget fokus på patienter ≥85 år også nødvendigt, da omkring 25% 
blev genindlagt inden for 90 dage og hospitals mortaliteten er omkring 1%.75 Således kan 
patienter ≥85 år betragtes som “høj-risiko”, trods at de fleste har kort LOS og bliver udskrevet 
til eget hjem. Fremtidige undersøgelser, især mhp. fald-forebyggelse og perioperativ blod 
management er nødvendige for denne særlige gruppe, som ofte er blevet udelukket fra 
randomiserede studier.262  Det blev også demonstreret at kort LOS ikke øget risikoen for 
genindlæggelse inde for 90-dage efter kirurgi.56, 61 og at brugen af en fast-track protokol er 
mulig og sikker hos uselekteretede patienter, uagtet alder eller komorbiditet. 
Endelig, blev det i et forsøg på at definere “høj-risiko” populationen for potentielt undgåelige 
medicinske komplikationer, fundet at patienter med to eller flere af flg. : alder >80 år, brug af 
gangredskab, behandling med antikoagulantia, anæmi, behandlet lungesygdom eller PsD 
udgjorde omkring 60% af disse.65 Men, variationen af komplikationer nødvendiggør snarere 
multimodale end enkelt interventioner, f.eks. postoperative stuegang v. anæstesiolog, geriater 
eller andre relevante specialer.   
Som konklusion kan siges at studierne i denne tese var de første til at give en detaljeret 
oversigt over postoperativ morbiditet efter fast-track THA and TKA. Herudover var det muligt 
at dokumentere en kontinuerlig reduktion i indlæggelsestid, men ikke genindlæggelser over 
tid. Slutteligt må nævnes at selvom vigtigheden af flere konventionelle risikofaktorer lader til at 
være reduceret, er patienter med specifikke kombinationer af risikofaktorer fortsat en 
udfordring.  Disse patienter er særlig sårbare mht. “medicinsk” morbiditet forårsaget af kirurgi-
induceret organ dysfunktion med behov for fokuserede multimodale perioperative 
interventioner hvilket kan nødvendiggøre en kombination af detaljerede observationelle og 
pragmatiske randomiserede kliniske studier. 
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