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ABSTRACT

INTRODUCTION: The goal of this study was to describe the
logistic and clinical set-up at four Danish arthroplasty de-
partments offering fast-track surgery.

MATERIAL AND METHODS: Based on the National Patient
Registry’s information on patients who have undergone
total hip and knee arthroplasty, four departments were
chosen for evaluation in accordance with the following in-
clusion criteria: documented fast-track surgery with written
care plans, a surgical volume of > 450 arthroplasties and
short length of stay (LOS) (< 5 days).

RESULTS: The mean LOS ranged from 2.8 to 3.9 days. Logis-
tic features included homogeneous entities, regular staff,
high level of continuity, preoperative information including
intended LOS, admission on the day of surgery and func-
tional discharge criteria. The clinical features were both in-
traoperative (spinal anaesthesia, local infiltration analgesia,
plans for fluid therapy, small standard incisions, no drains,
compression bandages and cooling) and postoperative
(deep venous thrombosis prophylaxis starting 6-8 hours
postoperatively, multimodal opioid-sparing analgesia, early
mobilisation and discharge when functional criteria were
met) facilitating early rehabilitation and discharge.
CONCLUSION: The logistic set-up at the four departments
was almost identical. The basic care prerequisites to pooling
the patients from these four departments were in place.
Future studies will include outcomes as well as safety as-
pects of this set-up.

Fast-track surgery is defined as the synergistic, benefi-
cent effect on convalescence achieved by adding multi-
modal evidence-based care principles and combining
these with optimised logistics [1]. Fast-track surgery has
yielded quicker functional recovery, reduced morbidity,
decreased length of convalescence, increased satisfac-
tion and — as a secondary gain — reduced hospital costs.
These results have also been achieved in total hip arthro-
plasty (THA) and total knee arthroplasty (TKA) [2, 3].

In THA and TKA, several studies have focused on pa-
tient characteristics associated with a reduction of the
length of stay (LOS) and on specific elements of the track
[2, 4]. However, single modality treatment has limited
effect on outcome parameters compared with multimo-
dal treatment —and only a few studies have presented

the care plan in sufficient detail to reveal the combined
efforts leading to an optimised outcome — most easily
measured as a reduction in LOS [2, 5, 6]. However, even
LOS reduction can be difficult to interpret as some de-
partments transfer patients to rehabilitation facilities
outside the hospital — thus simply shifting costs or even
increasing the combined time spent on rehabilitation
outside the home.

The Lundbeck Foundation in Denmark has donated
about € 4.5 million to further improve fast-track surgery
in THA and TKA during a five-year period (starting mid
2009). A multitude of studies have been planned, e.g. on
the optimisation of pain treatment, rehabilitation, blood
transfusion strategies, the need for deep venous throm-
bosis (DVT) prophylaxis, postoperative cognitive dys-
function and safety aspects (minimisation of complica-
tions).

This descriptive study highlights the characteristics
of the initial four departments involved, presenting de-
tailed baseline information on how the departments are
organised and which care plans are in use.

MATERIAL AND METHODS

Eligible departments for this study were departments
performing fast-track arthroplasties which had: an in-
tended and actual LOS below five days, a volume of
more than 450 arthroplasties including revisions (3% of
the annual total number of arthroplasties in Denmark),
and written care plans. Four departments were chosen
based on an earlier nationwide study [6]. Together the
included departments perform more than 3,700 THAs
and TKAs per year — approximately one quarter of Den-
mark’s production. The exact logistic and clinical set-up
of the departments was not known in advance of this
retrospective study with the prospective aim of per-
forming a series of studies.

The mean LOS for 2008 was calculated; this figure
included all primary unilateral THAs and TKAs for each
department; and the results were stratified by type of
operation. The existence of written care plans was
checked and these were presented.

RESULTS
The characteristics of the four departments divided into
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logistic and clinical features and summarised in Table 1
and Table 2. Table 3 describes the overall structure of a

fast-track department.

Logistics

The number of beds occupied on a weekly basis for each
department varied between 20 and 23, and 7-8 operat-

ing theatres were used to fill these beds with 21-28 pa-

tients. The numbers of arthroplasties performed in 2008
were somewhat smaller than usual due to a three-
month nurse strike. LOS for 2008 was 3.1-3.8 days for
TKAs and 2.8-3.9 days for THAs, counting numbers of

postoperative overnight stays till discharge as whole

days. All departments admitted patients on the day of

B

Logistic set-up at the
four departments.

Ward: beds, n

Operations, 2008, n

Operating theatres, n

Production, weekly, n

Postoperative LOS, 2008, days, TKA/THA
Written information

Information on LOS

Patient clinic preoperatively
Day of admission

Discharge criteria

Hvidovre

21

228 TKA, 193 THA
7

21

3.2/3.9

+

3 days

+
OP

Self-dependent, in/out
of bed, into/up from
chair, independent 70 m
walk with crutches

Hgrsholm

21

263 TKA, 465 THA
8

28

3.6/3.4

4 days

+
OP

Self-dependent, in/out
of bed, into/up from
chair, independent walk
with aid

Holstebro

23

201 TKA, 225 THA
8

24

3.1/2.8

+

3-4 days TKA,
2-3 days THA
+

oP

Self-dependent, in/out
of bed, into/up from
chair, independent
walk with aid, sufficient
pain treatment, know/
observe restrictions,
wound inspected for
drainage/infection

Aarhus

20

246 TKA, 355 THA
8

25

3.8/3.8

4 days

+
OP (THA -1)
Self-dependent (bath/
toilet), in/out of bed,
independent walk with
crutches

+ = yes; - = no; LOS = length of stay; OP = day of surgery; THA = total hip arthroplasty; THA-1 = THA patients admitted the day before surgery; TKA =

total knee arthroplasty.

B

Clinical set-up at the four

departments.

Anaesthesia
Surgery
LIA (TKA/THA)

Catheter, bolus/continuous

Compression bandage/stockings

Cooling
Fluid plan during surgery
Drain

Mobilisation, start

Physiotherapy, start
DVT prophylaxis, start

DVT prophylaxis, duration

Pain treatment, preoperatively

Pain treatment, postoperatively

Prophylaxis/ treatment of PONV

Hvidovre

Spinal

Standard incision
+/+

+/bolus 1 day

+/-

ax
ay

2-3 hours post-
operatively

x 1/day, day 2
Enoxaparin, 6-8 hours
postoperatively
Discharge

PCM R, Celebra,
Gabapentin

PCM R, celecoxib,
Gabapentin

tabl. oxycodon 5 mg PN

-+

Hgrsholm

Spinal

Standard incision
+/+

TKA: +/bolus x 3;
THA: +/bolus x 2
+/-

o
4

6 hours post-
operatively

x 2/day, day 2
Enoxaparin, 6-8 hours
postoperatively
Discharge

Own medication

PCM1gx4

Oxycodon 5-10 mg PN
Ibuprofen/etodolac (TK)
PN

+

Holstebro

Spinal

Standard incision
+/+

+/bolus 1 day

+, TKA: compression
stockings, 14 days

+

+

2-3 hours post-
operatively

x 1/day, day 2
Dalteparin, 6-8 hours
postoperatively

7 days

PCM

Ibuprofen 400 mg x 3/
etodolac 200 mg x 2
Oxycodon 5-10 mg PN

/+

Aarhus

Spinal

Standard incision
+/+

+/bolus x4/ x 7

+/TKA +

+
+

+/+

3-4 hours post-
operatively

x 2/day, day 2
Fondaparinux, 6-8 hours
postoperatively

TKA 5 days, THA 7 days
PCM

PCM1gx4
oxycodon 5-10 mg PN

-+

+ = yes; - = no; LIA = local infiltration analgesia; PCM R = paracetamol retard; PN = pro necessitae, as needed; PONV= postoperative nausea and
vomiting; THA = total hip arthroplasty; TKA = total knee arthroplasty.
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surgery except for Aarhus where patients scheduled for
THA were admitted the day before.

The departments were homogenous entities with
shielded arthroplasty wards with regular staff and a high
level of continuity (the operating surgeon performed
daily rounds). Patients were not selected as all patients
entered the accelerated track.

All departments had written information in the
form of booklets including information on intended LOS.
All departments had preoperative patient clinics with
multidisciplinary patient information/education, and all
departments discharged patients directly to their homes
after fulfilment of strict functional and almost identical
discharge criteria.

After discharge, patients were seen at different
time intervals and by multidisciplinary staff in three of
the four departments.

Clinical features

All four departments used spinal analgesia only — with 2
ml hyperbaric bupivacaine 0.5%. All departments used
specific fluid plans during surgery: infusion of isotonic
saline 5 ml/kg/hour and plasma expander (Voluven) 7.5
ml/kg/hour. Blood loss > 800 ml was substituted by 1 ml
blood transfusion and 1 ml Voluven for each 2 ml blood
loss. Hypotension not reacting to injection of ephedrine
was treated by infusion of 500 ml Voluven. In the recov-
ery ward, fluids were allowed freely per os. Pain break-
through was handled with repeated injections of sufen-
tanil five microgram administered intravenously.

All surgery was performed using small standard inci-
sions (no minimally invasive surgery (MIS) and only
standard instrumentation): the medial parapatellar ap-
proach for TKA and the posterior approach for THA. TKA
was done in a bloodless field using a femoral tourniquet
(inflated to 100 mmHg above the systolic blood pres-
sure) from the time of incision until the prosthesis was
inserted. Drains were not used — except in Aarhus,
where drains were removed the day after the operation.
Fifteen minutes prior to incision, 500 mg of intravenous
tranexamic acid was administered and another 500 mg
was administered just before tourniquet release for TKA.

B

Structure of a fast

Optimisation of logistics
track department.

Written care plan

Information on intended length of stay
Multidisciplinary preoperative patient clinic
Spinal anaesthesia

Multimodal pain treatment

Early mobilisation

Well-defined functional discharge criteria

A patient who has undergone fast-track knee arthroplasty 24 hours
earlier. The patient is now ready for discharge following completion of
the discharge criteria.

For THA, 1 gram of tranexamic acid was administered 15
minutes prior to incision.

Intraoperatively, all patients received local infiltra-
tion analgesia with 120-150 ml ropivacaine 0.2% with
epinephrine (10 microgram/ml) and 50 ml ropivacaine
0.2% (without epinephrine), resulting in a total volume
of 170-200 ml. The departments at Hgrsholm and
Aarhus used ketorolac in the mixture. The aim was to in-
filtrate all tissues incised or otherwise instrumented [7].
A 16G epidural catheter was inserted. A compression
bandage was then applied firmly around the operated
knee from the toes to the mid-thigh. The bandage consis-
ted of an inner double layer of soft padding surrounded
by an overlapping layer of an elastic adhesive bandage.
The catheters were injected with boluses with 20 ml
ropivacaine 0.5% at various intervals which were dif-
ferent from department to department. The catheters
were removed after 24 hours. All departments used
cooling from operation to discharge in the form of ice-
packs or ice water, one department used compression
stockings for two weeks after TKA.

Mobilisation was initiated within six hours postop-
eratively, in most cases 2-4 hours after the operation as
soon as the spinal anaesthesia had worn off. The nursing
staff performed the initial mobilisation, and regular
physiotherapy was started the day after surgery and
consisted of individual exercise once or twice daily.

DVT prophylaxis was started 6-8 hours postopera-
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COX-2 = cyclooxygenase-2

DVT = deep venous thrombosis

LIA = local infiltration analgesia

LOS = length of stay

MIS = minimally invasive surgery

NSAIDs = non-steroidal anti-inflammatory drugs
PONV = postoperative nausea and vomiting
THA = total hip arthroplasty

TKA = total knee arthroplasty

tively and continued until discharge or in two depart-
ments for up to seven days, in which case the patient
performed the injections after discharge.

Preoperatively, the patients were started on para-
cetamol and at one department also on gabapentin and
a cyclooxygenase-2 (COX-2) inhibitor on the morning of
the surgery — otherwise no pre-medication was used.
Patients continued this treatment for one week and all
departments added a short-acting opioid (oxycodon) for
breakthrough pain. Non-steroidal anti-inflammatory
drugs (NSAIDs) were used routinely at all but one de-
partment and at the department using a COX-2 inhibitor.

At all departments, postoperative nausea and vom-
iting (PONV) was treated only when needed without
standard prophylaxis.

DISCUSSION

This study found an almost similar logistic set-up at all
four departments. Specialised units for THA and TKA pa-
tients had been established, allowing patients to be
among equals and to share their experiences, and the
staff specialises in treatment, nursing and training of
these patients — without needing to focus on other pa-
tient groups with different needs.

The operating surgeon performed the daily rounds.
Apart from giving the highest continuity possible and re-
sulting in an increased patient satisfaction, this also al-
lows the surgeon to continuously monitor the patient’s
progress [8].

Patients were unselected as there was no reason to
exclude any patient from evidence-based accelerated
tracks — the patient receives the best available combin-
ation of anaesthesia, pain treatment, mobilisation, etc.
Comorbidities are no obstacle — on the contrary: these
patients benefit from the evidence-based approach of-
fering targeted treatment [9].

The existence of a written care plan addressing the
various aspects of the fast track is mandatory and should
include information on the intended short LOS in order
to motivate the patient to become an active participant.
An updated care plan ensures that the staff follows the
individual patient’s progression according to the
planned track, that documentation is at hand and that

the staff is ready to act by directing attention and re-
sources to those patients whose progression diverge
from the desired course.

All departments had preoperative patient clinics
with multidisciplinary patient information/education,
which is an excellent way to inform groups of patients.
However, such information has not been shown to bene-
fit LOS or improve satisfaction [10].

All departments discharged patients directly to their
homes after fulfilment of strict functional discharge cri-
teria. In Denmark, no in-home rehabilitation facilities ex-
ist and to the best of our knowledge, there is no evi-
dence that extended in-house physical training is of any
benefit [11] — apart from its possible cost-shifting ef-
fects. Fast-track treatment has been shown to reduce
total costs from operation up to one year postopera-
tively [3, 12]. Also, there is no documented need for pa-
tients to fulfil any additional criteria regarding range of
motion before discharge.

After discharge, patients were seen at different
time intervals and by multidisciplinary staff in three of
the four departments. No evidence exists on when or by
whom patients should be seen after discharge — as long
as a qualified staff member ensures progress and lack of
complications.

Regional analgesia is superior to general anaesthe-
sia as it reduces postoperative complications by 30-60%
[13]. Spinal analgesia gives the surgeon sufficient time to
do the surgery and does not entail the motor blocking
risk associated with epidural analgesia. Also, a fluid plan
during surgery ensured that the patient was not hypo-
volaemic at the first mobilisation a few hours postopera-
tively — hypovolaemia could potentially cause dizziness,
PONV and delayed mobilisation.

All patients received surgery performed with stand-
ard incisions — no MIS was used. MIS has not convincing-
ly been shown to have an effect on LOS, but has been
associated with poor implant positioning. However, re-
ducing the tourniquet pressure and the time of inflation
of the tourniquet reduces the local pressure on the thigh
and may reduce postoperative ischaemia and pain in
this area.

Drains were not used — except for one day in Aarhus
—as randomized data have shown no clear beneficial ef-
fect of the use of drains [14].

Tranexamic acid was used by all departments as it is
effective in reducing the blood loss and the need for
transfusion in both THA and TKA [15]. Using this drug
routinely may reduce the need for blood transfusion
thereby leading to a reduction in LOS as blood transfu-
sion is associated with longer hospital stays [2].

The use of local infiltration analgesia was imple-
mented for immediate postoperative pain control and
has been found to reduce pain in several studies, as has
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the appliance of a compression bandage [16]. Also cool-
ing has been shown to reduce tissue swelling and pain
postoperatively.

Mobilisation on the day of surgery is associated with
short LOS [2] and may reduce the incidence of DVT.
Whereas it has been shown that the vast majority of pa-
tients can be mobilized on the day of surgery [17], there
is no evidence of a beneficial effect of standard physio-
therapy on the medium-term or long-term outcome after
arthroplasty surgery. However, specialized regimens may
have an effect, e.g. on the strength of the quadriceps.

The use of compression stockings was only rou-
tinely performed at one of the four departments, but
has not been shown to reduce the incidence of DVT af-
ter THA or TKA when used in addition to low molecular
weight heparin [18].

DVT prophylaxis was initialised 6-8 hours postopera-
tively, which has been shown to be an appropriate tim-
ing [18]. The ideal duration of treatment and which drug
to use is still being much debated [18].

Preemptive analgesia was not used, as it remains
controversial whether it has any effect. The four depart-
ments initiated oral pain treatment during the morning
of surgery simply because they wanted to have an effec-
tive treatment in place when the spinal anaesthesia
wore off. The choice of drugs differed between the de-
partments, but the same principle was applied. NSAIDs
were used routinely at two departments as it reduces
the need for opioids by 30-50%. The potential of NSAIDs
to disturb bony remodelling and prosthetic ingrowth has
caused some concern, but the concern is clinically poorly
substantiated. Furthermore, COX-2 inhibitors have been
found not to interfere with prosthetic ingrowth [19].
Multimodal pain treatment is essential for an enhanced
recovery and should be used whenever possible [20].

Minor differences were seen between the depart-
ments with regard to clinical features. Variation was ob-
served in the use of drains at one department, ketorolac
in the local infiltration analgesia (LIA) mixture at two de-
partments, and the use of a variable number of boluses
in the catheter with the LIA technique across depart-
ments. The department using the most boluses did not
use NSAIDs for postoperative pain treatment — future
studies will reveal if any of these differences are of sig-
nificance to patients’ satisfaction with pain treatment or
with the entire stay — as LOS seemed to be unaffected.

In conclusion, the logistic set-up at the four depart-
ments with documented fast-track was almost identical
and only minor differences were found in LOS. Thus, the
basic prerequisites are in place to undertake multicentre
studies and to pool the patients from these four depart-
ments. Future studies will include safety aspects, out-
comes and patient satisfaction.

Finally, the set-up and clinical regimens described

here are evidence-based and may hopefully serve as in-
spiration to other departments.

CORRESPONDENCE: Henrik Husted, Alloplastiksektionen, Ortopaedkirurgisk
Afdeling, Hvidovre Hospital, 2650 Hvidovre, Denmark.

E-mail: henrikhusted@dadlInet.dk.

ACCEPTED: 9 April 2010

CONFLICT OF INTEREST: An unrestricted grant has been received from the
Lundbeck Foundation for research into fast-track surgery after total hip and
knee arthroplasty.

LITERATURE

1. Kehlet H & Wilmore DW. Evidence-based surgical care and the evolution of
fast-track surgery. Ann Surg 2008;248:189-98.

2. Husted H, Holm G, Jacobsen S. Predictors of length of stay and patient
satisfaction after hip and knee replacement surgery: fast-track experience
in 712 patients. Acta Orthop 2008;79:168-73.

3. Larsen K, Hansen TB, Thomsen PB et al. Cost-effectiveness of accelerated
perioperative care and rehabilitation after total hip and knee arthroplasty.
J Bone Joint Surg Am 2009;91:761-72.

4. Schneider M, Kawahara I, Ballantyne G et al. Predictive factors influencing
fast track rehabilitation following primary total hip and knee arthroplasty.
Arch Orthop Trauma Surg 2009;129:1585-91.

5. Larsen K, Sgrensen OG, Hansen TB et al. Accelerated perioperative care
and rehabilitation intervention for hip and knee replacement is effective: a
randomized clinical trial involving 87 patients with 3 months of follow-up.
Acta Orthop 2008;79:149-59.

6. Husted H, Hansen HC, Holm G et al. What determines length of stay after
total hip and knee arthroplasty? A nationwide study in Denmark. Arch
Orthop Trauma Surg 2010;130:263-8.

7. Otte KS, Husted H, Andersen L@ et al. Local infiltration analgesia in total
knee arthroplasty and hip resurfacing: A methodological study. Acute Pain
2008;10:111-6.

8. Husted H, Holm G, Sonne-Holm S. Accelereret forlgb: hgj tilfredshed og
fire dages indlaeggelse ved hofte- og knaealloplastik pa uselekterede
patienter. Ugeskr Laeger 2005;167:2043-8.

9. Dowsey MM, Kilgour ML, Santamaria NM et al. Clinical pathways in hip
and knee arthroplasty: a prospective randomised controlled study. Med J
Aust 1999;170:59-62.

10. McDonald S, Hetrick S, Green S. Pre-operative education for hip or knee
replacement. Cochrane Database Syst Rev 2004;(1):CD003526.

11. Krummenauer F, Ginther KP, Witzlebf WC. The incremental cost
effectiveness of in-patient versus out-patient rehabilitation after total hip
arthroplasty — results of a pilot investigation. Eur J Med Res 2008;13:267-
74.

12. Andersen SH, Husted H, Kehlet H. @konomiske konsekvenser ved
accelererede knaealloplastikforlgb. Ugeskr Laeger 2009;171:3276-80.

13. Rodgers A, Walker N, Schug S et al. Reduction of postoperative mortality
and morbidity with epidural or spinal anaesthesia: results from overview
of randomised trials. BMJ 2000;321:1493.

14. Esler CN, Blakeway C, Fiddian NJ. The use of a closed-suction drain in total
knee arthroplasty. J Bone Joint Surg 2003;85-A:2257.

15. Husted H, Blgnd L, Sonne-Holm S et al. Tranexamic acid reduces blood loss
and blood transfusions in primary total hip arthroplasty: a prospective
randomized double-blind study in 40 patients. Acta Orthop Scand
2003;74:665-9.

16. Andersen L@, Husted H, Otte KS et al. A compression bandage improves
local infiltration analgesia in total knee arthroplasty. Acta Orthop
2008;79:806-11.

17. Holm B, Kristensen MT, Myhrmann L et al. The role of pain for early
rehabilitation in fast track total knee arthroplasty. Disab Rehab
2010;32:300-6.

18. Geerts WH, Bergqvist D, Pineo GF et al. Prevention of venous
thromboembolism: American college of chest physicians’ evidence-based
clinical practice guidelines, 8th Edition. Chest 2008;133:3815-453S.

19. Meunier A, Aspenberg P, Good L. Celecoxib does not appear to affect
prosthesis fixation in total knee replacement: A randomized study using
radiostereometry in 50 patients. Acta Orthop 2009;80:46-50.

20. Dorr LD, Raya J, Long WT et al. Multimodal analgesia without parenteral
narcotics for total knee arthroplasty. J Arthroplasty 2008;23:502-8.



