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New procedures

Regional anaesthesia and analgesia in fast track knee
arthroplasty

Summary

Total knee arthroplasty is a surgery that provokes intense postoperative pain
and requires special care. An effective analgesia with minimal side effects is
vital in elderly patients, who often have significant comorbid diseases.

Delays in postoperative mobilisation induce tissue retraction, adherences
and atrophy. They also can lead to different complications such as thrombo-
embolism, increase morbidity and decline in cognitive function.

Fast track surgery is defined as the synergetic effect on convalescence achi-
eved by adding multi-modal evidence-based care principles and combining
these with optimal logistics. The yield is quicker functional recovery, reduced
need of hospitalisation, rapid resumption of normal activities of daily life and
high levels of patient satisfaction. At the same time there are large economic
benefits as a result of shorter hospitalisations.

Effective postoperative pain relief is a prerequisite for successful early mo-
bilisation and intensive physiotherapy rehabilitation.

Compared with general anaesthesia andfor systemic analgesia regional
anaesthesia reduces opioid consumption and opioid-related side effects. The
use of epidural anaesthesia cannot be suggested due to the risk of bleeding, hy-
potension and other side effects.

Ultrasound guided placed catheters for continuous peripheral nerve blocks
on femoral and sciatic nerve are proved to be of advantage to other techniques.

Different studies also suggest that the addition of an obturator nerve block
to femoral and sciatic blockade improves postoperative analgesia following
total knee replacement especially on the day of the surgery.

Femoral and sciatic nerve block is well documented option for post-
-operative analgesia, but a prolonged motor block, which may occur; can
prevent early mobilisation and increase the length of hospitalisation.

In order to prevent quadriceps weakness a new technique of an adductor
canal block has been developed. The saphenous nerve and in part the obtu-
rator nerve are traversing the adductor canal of the thigh. Repeated admini-
stration of local anaesthetic into this aponeurotic space could be a useful
option for postoperative analgesia after knee replacement surgery. The pre-
liminary results are very encouraging, but need to be confirmed in ran-
domized control trials.

The anaesthesiology challenge to provide sufficient analgesia with preserve
muscle function and minimal side effects still remains.
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Fast Track

"Fast track concept” or "Enhanced rapid recovery pro-
gramme" is the concept of improving perioperative ef-
ficiency with accelerated and improved recovery. It is
increasingly being applied in different types of surgeries
and is of significant importance for the patient in parti-
cular and wider economic and social spheres in general.

This concept represents an evidence based multi dis-
ciplinary synergetic work of different medical depart-
ments and is combined with optimised logistics. All pro-
cedures are strictly standardised. The aim is earliest pos-
sible functional recovery of the patient, decrease of post-
operative complications, early discharge from hospital
treatment with rapid resumption of normal daily activi-
ties. A complementary result is also the reduction of
hospital costs which is important in the current econo-
mic climate (I).

Fast Track concept for total knee arthroplasty requires
carly patient management and begins at the time of
preoperative consultation. The patients are examined
and informed by the anaesthetist, orthopaedic surgeon
and a specialist for physical medicine.

In this way the patient already knows the detailed
plan of exercises in the physical therapy and the schedul-
ed day of discharge. This results with reduction of anxi-
ety and more motivation particularly if the exercises are
carried out in groups.

The implantation of knee arthroplasty is a very com-
mon surgical intervention. In USA, the number of joint
replacements in 2011 was fourfold in comparison with
1999 and by 2015 is expected to reach 1.5 million.

It is also well known that the operation has a high
pain factor and therefore it is very important to have an
effective postoperative pain relief that ensures VAS that
does not exceed 4 including mobilisation phase. Early
and intensive mobilisation is the fundamental precon-
dition for fast recovery and short hospital treatment (3).
Itis generally accepted that the mobilisation should start
latest the morning after the operation. In this context, the
role of the anaesthetists is very complex as adequate
analgesia needs to be provided and earliest possible
mobility enabled while at the same time ensuring good
hemodynamic stability, avoiding nausea, vomiting and
dizziness (2). It is well known that for the cognitive
function improvement of older patients, active mobili-
sation is of utmost importance.

Different methods of postoperative pain
therapy

Due to very intense postoperative pain, systemic anal-
gesia is most commonly carried out with opioids applied
through a PCA pump. This therapy is only sufficient
with high doses and is inevitably associated with side
effects such as nausea, vomiting, sedation and often a
respiratory depression.

On the other hand, regional anaesthesia ensures good
postoperative therapy (14), reduces the consumption of
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opioids (22), decreases the incidence of PONV and provi-
des more success in rehabilitation (16, 17) In comparison
with general anaesthesia, regional anaesthesia has shown
a far smaller risk of postoperative thrombosis (4).

Injecting the local anaesthetic through the epidural
catheter with or without opioids results in good analgesia
(19), but has side effects such as hypotension (5), reduced
capability of mobilisation and urinary retention. The
major issue is the risk of epidural bleeding due to which
lumbar epidural anaesthesia and analgesia are no longer
recommended.

Psoas compartment block is technically more complex
in comparison with other peripheral blocks. From the
analgesia point of view it is comparable to femoral nerve
block with the advantage that the obturator nerve is also
blocked (6, 7). The disadvantage is that this block re-
quires more local anaesthetics and that concerning anti-
coagulation therapy, the same rules have to be applied as

for the epidural block.

Many studies have shown that the peripheral blocks
such as femoral and sciatic nerve blocks as well as com-
bination of the two result in excellent analgesia (8, 9, 10,
11). In comparison with epidural blocks, these blocks
have significant advantages, they block one extremity
and there minor side effects compared with epidural
blocks. If applied under US monitoring, these blocks can
be use in anticoagulated patients (apart from anterior
approach to sciatic nerve where deep blood vessels neces-
sitate caution).

It is well known that ultrasound guided nerve blocks
have multiple advantages in comparison with nerve sti-
mulation such as risk reduction of puncturing blood
vessels, nerve injuries and decrease of local anaesthetic
volume by at least 40-50% (31).

Peripheral nerve catheters

The use of peripheral nerve catheters has the advant-
age over single shot techniques and is considered as the
technique of choice for postoperative analgesia after total
knee replacement surgery. It enables prolongation of block
duration and analgesia. The method of local anaesthetic
administration can be continuous or bolus injections (15,

18, 20).

Major neurologic and infectious adverse events are

rare (35).

Most studies show that continuous application of
local anaesthetic improves patients’ recovery and enables
earlier discharge, there are some studies with opposite
results, but at the time of these studies patients were
laying in bed for longer period of time and early mobi-
lisation was not an issue (21).

The necessity of sciatic nerve catheter

Application of femoral nerve catheters and single shot
sciatic nerve blocks has been a long established practice.

In the mean time numerous studies have shown that
application of local anaesthetic through a catheter on scia-
tic nerve combined with a catheter on femoral nerve have
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resulted in lower VAS score and an 80% reduction in
application of opioids in the first 36 postoperative hours.
Continuous application of local anaesthetic on the sciatic
nerve and lumbar plexus catheter gives similar results
(24).

A study comparing a combination of catheters on
femoral and sciatic nerves versus an isolated femoral
nerve catheter and isolated psoas block, has also shown a
3-fold reduction of opioids needs in the group using
combined catheters (25).

Another study of continuous local anaesthetic appli-
cation through a femoral catheter and a dummy sciatic
nerve catheter has shown that 85% of patients requested
an additional local anaesthetic due to pain in the region
innervated by sciatic nerve (26).

From these studies it can be concluded that for opti-
mal postoperative analgesia both catheters are necessary
as it is also recommended by the German S3 Guideline
for treatment of acute perioperative and posttraumatic
pains class evidence A.

Obturator nerve block

It is well known that the posterior branch of obturator
nerve partially innervates the medial side of the knee and
that the innervation is highly individual. The anatomic
path variations and the anterior and posterior divisions of
the obturator nerve are numerous. This division occurs
in 23% of cases intrapelvic, 52% in the obturator canal
and 25% in the thigh, meaning that the application of the
posterior nerve block can be difficult despite the use of

US (36).

Study where obturator nerve block was added to fe-
moral and sciatic nerve blocks has shown that the time
span when patients requested an analgesic was 1/3 long-
er compared to patients without the obturator nerve

block (27).

Another study shows significantly lower adductor mus-
cle contraction (78%+/-22%) and reduced analgesic re-
quirement particularly in the first 20—40 hours after the
operation as the effects of the obturator nerve block (28).

Figure 1. Fernoral nerve in inguinal area.
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Figure 3. Obturator nerve - anterior and posterior branch.

It is important to bear in mind that the cutaneous
innervation by the obturator nerve is to be found in only
40% of the cases. Therefore the sensory evaluation of the

block is not reliable (29).

Research on optimisation

of the postoperative analgesia without
the reduction of quadriceps muscle
contraction

Early patient mobilisation is the most important pre-
condition for fast recovery and early discharge for home
treatment.

The concept of majority of fast track procedures in
knee arthroplasty includes active mobilisation morning
after the operation. This represents a big challenge for
the anaesthetist because the patient should not have pain
and at the same time he should have a good muscle
strength in order to participate in active physical therapy.
A precise control of muscle contraction intensity is impe-
rative by periphery nerve blocks of lower extremities in
order to avoid falls and injuries (37, 39).

Femoral nerve block, which is the block of the front
thigh muscles such as quadriceps, pectineus, iliopsoas
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and sartorius muscle in this time period must not be
motoric so as not to make the mobilisation of the patient
impossible. This also applies for the sciatic nerve block.

Different studies have been conducted with the aim of
achieving good analgesia and avoiding motor impairment.

A study which tested the decreased concentration of
local anaesthetic by comparing the results after applica-
tion of different ropivacaine concentrations: 0.025%, 0.05%
and 0.1% has shown that application of concentration
below 0.1% does not result in a satisfactory analgesia

(30).

Studies were also carried out about the effects of lower-
ed concentration of the local anaesthetic and increased
volume and vice versa, applied continuously through a
catheter. The results show that the concentration of the
anaesthetic and the volume do not change the block
characteristics. The total dose or mass of the anaesthetic
determines the block characteristics (32).

Based on these results further examination of applying
different local anaesthetic concentration and volume by
constant mass were made on patients with bilateral knee
arthroplasty. The patients received ropivacain 0.1% @ 12
ml/h or 0.4% @ 3ml/h with a possibility of 4 mg additio-
nal bolus. The different concentration levels did not have
any effect on reduction of quadriceps muscle contraction
and it was concluded that the muscle contraction
weakness can only be avoided by reduction of the total
anaesthetic mass (33).

Further studies examined the effects of applying the
local anaesthetic in form of bolus versus continuously,
with the aim of reducing the motor while preserving the
sensor block. Volunteers received a bilateral perineural
femoral block. Ropivacain 0.1% was continuously appli-
ed at the rate of 5 ml/h or as a bolus of 5ml every hour for
six hours. Results show that the block was identical in
both cases (34).

The effect of distribution of motor and sensory fibres
in the nerve and even the catheter position (anterior or
posterior) may also influence the type of the block.
Research into these issues is currently in progress.

Adductor canal block

In recent times there is an on going research of the
adductor canal block with the aim of solving the problem
of weakened quadriceps contraction after the femoral
block.

The sensory knee innervation is highly complex and
variable (41, 42, 43, 44).

Saphenous nerve, as the terminal branch of the femo-
ral nerve, and partly obturator nerve pass through the
adductor canal. Branches of vastus medial muscle and
cutaneous nerve are also to be found there. It is assumed
that this block could be effective in postoperative period
by reducing the pain in mobilisation i.e. flexing of the
knee as well as in the idle state. Parallel with this, the
quantity of systemic opioids could be reduced so as to
avoid the opioid associated side effects.
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Figure 4. Adductor canal.

A study dealing with existing postoperative pain look-
ed at the effect of injecting 30 ml of 0.75% ropivacain in
the adductor canal space and noted that the local ana-
esthetic spread was in the region 7cm above patella to
8-10 cm distal from the femoral triangle. This block
reduced the pain caused by knee flexion. Following that,
through a placed catheter 15ml of 0.75% ropivacain was
injected every 6 hours for up to 48 hours after the opera-
tion. The results on postoperative analgesia were similar
to results achieved by femoral nerve catheter (38).

Second study used healthy volunteers. On one leg
they had an adductor canal or femoral nerve block and
on the other leg a placebo catheters. Maximal quadriceps
and adductor muscle contraction was measured. In the
group with the adductor canal block there was a far fewer
incidence of quadrisceps muscle weakness (8%) com-
pared to the femoral nerve block (49%)(40).

Local infiltration analgesia

According to the regional anaesthesia hypothesis "The
more peripheral — the better" in recent times and particu-
larly in Scandinavian countries local infiltration anal-
gesia has become increasingly popular. Analgesia is car-
ried out with a large volume of local anaesthetic and has
proved to be successful in the first couple of hours after
the operation. The method is recommended because of
its simplicity (45).

However due to high dose there is a danger of intoxi-
cation and damage to the chondrocytes and by repeated
application through intra articular catheter even pos-
sibility of infection.

The method is still evolving and these studies are
trying to resolve open issues:

The optimal placement of local anaesthetic appli-
cation is still not defined and it is still not clear whether it
should be infra capsular or intra articular (46).

Essving compared the effectiveness of local infiltra-
tion to intratecal analgesia with morphine in the post-
operative period. The conclusion was that analgesia with
local infiltration is better and enables earlier discharge
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which is understandable when morphine side effects are
taken into account (47).

As itis not well defined what concentration and volu-
me should be used for wound infiltration a study com-
paring the application of high volume and low con-
centration (20ml, 0.5% LA) to low volume and high
concentration (10ml, 0.1% LA) was performed. It has
shown that the analgesic effect is identical when the local
anaesthetic is applied through intra capsular catheter
(48). This corresponds to the current state of the art
knowledge that the total mass of the local anaesthetic is
of primary importance.

Application of the local analgesia through a catheter
by a surgeon is delegating of competence for postope-
rative pain therapy, which may have positive as well as
negative effect on the patient.

Overview of knee arthroplasty
experience at Herz Jesu Hospital in
Vienna

Perioperative placing of catheter on femoral and scia-
tic nerves with the help of US is practiced in Herz Jesu
Hospital since 2005. The annual number of operation
with this application has steadily risen from 400 to 700 in
2012.

Fast track procedure was introduced in March 2010
and includes:

— The patient is examined by the anaesthetist, ortho-
paedic surgeon and physical medicine staff approxima-
tely 7 to 15 days before the operation and is informed
about the complete process, physiotherapy and planned
discharge date.

— Preoperative placing of catheters on femoral and
sciatic nerves and bolus administration via catheters of
0.5% ropivacain and a single shot block of obuturator
nerve with 0.5% ropivacain. Due to tight schedule, the
catheters can be placed after the operation and injected
with 0.2% ropivacain.

From 2005 until 2008 the local anaesthetic was ap-
plied continuously but since then the application was in
the form of bolus. The advantage of this method is that
the total quantity is significantly smaller and there is no
accumulation risk.

— Patients receive the second bolus with 0.2% ropiva-
cain, depending on the time of the operation, between 7
and 9 pm, third in evening of the first postoperative day
and the fourth also in the evening of the second post-
operative day.

Apart from this type of analgesia the patients also
receive analgesics according to the schedule WHO I with
individual adjustment.

— VAS score, level of motor response and sensitivity
are measured in the innervations region daily 4x by ward
staff and 2x by the anaesthetist.

First mobilisation of the patient is in the morning of
the first postoperative day and second around 1pm. Pa-
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tients perform physical therapy in groups thus mutually
boosting motivation.

In case the patient cannot be mobilised and take part
in physical therapy, this is documented by the physical
therapy team and the anaesthetist is informed.

A sample of the latest 102 patients has retrospectively
shown the following results:

— Patients average age 71.7 years
—BMI 31 +/-4.5

— 98 patients received femoral and sciatic nerve catheters

— 34 patients received the obturator block

— Placing of sciatic nerve catheter on 4 patients was
not successful

— Time span before catheter removal 3.5 +/- 0.6 days

— 91 patients were discharged after the 6™ postopera-
tive day

— Average maximal pain level (VAS) was 4 in the first
12 hours of the first postoperative day and deceasing
thereafter

An interesting fact is that the patients have lower pain
levels after the afternoon more intensive physical therapy
as compared to morning exercises. This correlates with a
study which describes positive effects of mobilisation on
analgesia (49).

Morning mobilisation was not possible in 7% of cases
due to muscle weakness caused by prolonged effects of
the block. Prolonged effects were equally frequent on
femoral and sciatic nerves but not simultaneously in all
patients. Only 2% of patients could not take part in the
afternoon therapy due to muscle weakness. In 4% of the
cases mobilisation was not possible due to dizziness and
general weakness.

These facts are of great importance for us and we are
taking measures to improve the early morning mobili-
sation. Data collection which is going to be online is
being created. In this way the data will be easily acces-
sible to all involved and a better evaluation of the pain
therapy will be possible.

In planning is a study that will compare analgesia
values of combined adductor canal and sciatic nerve blocks
with combined femoral and sciatic blocks in order to
totally eliminate muscle weakness and enable earliest
possible mobilisation of all patients.

Our striving to discharge patients 6 days after the
operation is also due to the fact that in Austria hospita-
lisation time is limited for each operation. This economic
consideration plays a certain role although primary focus
is on the patients who are only discharged when inde-
pendently mobile.

CONCLUSIONS

Fast track procedure is a multi modal, multi discipli-
nary, strictly standardised and evidence based concept
with the aim of faster patient convalescence and dis-
charge from clinical therapy while at the same time hav-
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ing positive economic effects. This procedure should be
applied in knee replacement surgery.

The role of the anaesthetist is to ensure an optimal
pain therapy, where possible without side effects, and at
the same time to preserve the muscle function so that the
patient can participate in the early physical therapy which
is of exceptional importance for fast recovery.

Placing of the femoral and sciatic nerve catheters and
applying local anaesthetic through them has evolved as
the method of choice. Applying additional obturatorius
nerve block is also beneficial.

As possible prolonged local anaesthetic effects through
these two catheters can lead to weaker muscle contrac-
tion and consequently delayed patient mobilisation, re-
search of analgesia effects of the adductor canal block, is
being carried out. Initial results are encouraging but still
need to be supported by further research.

REFERENCES

1. KEHLET H 2008 Evidennce—based surgical care and the evolution
of fast track surgery. Ann Surg 248(2): 189-98

2. WHITE P 2007 The role of Anesthesiologist in Fast — Track surgery.
Anesth Analg 104: 1380-96

3. BANDHOLM T 2012 Physiotherapy Exercise After Fast Track
Total Hip and Knee Arthroplasty: Time for Reconsideration? Archives
of Physical Medicine and Rehabilitation 93(7): 1292-1294 July

4. JOERGENSEN L N 1991 Antithrombotic efficacy of continous
extradural analgesia after knee replacement. Br | Anaesth 66(1): 8-12

9. ALAN J R 2009 General anesthesia versus regional anesthesia
and/or systemic versus regional analgesia for TKA: cardiovascular

morbidity. Clin Orthop Relat Res 467(9): 2379-240

6. TOURAY S T 2008 Psoas compartment block for lower extremity
surgery: a meta-analysis. Br | Anaesth 101 (6): 750-760

1. KALOULI 2004 The posterior lumbar plexus(psoas compartment)
block and the three-in-one femoral nerve block provide somilar
analgesia after total knee replacement. Can | Anaesth 51(1): 45-51

8. DAVIES AF ez al. 2004 Epidural infusion or combined femoral and
sciatic nerve blocks as perioperative analgesia for knee arthroplasty.

Br ] Anaesth 93(3): 368-74

9. FOWLER S J 2008 Epidural analgesia compared with peripheral
nerve blockade after major knee surgery: a systematic review and
meta-analysis of randomized trials. Br ] Anaest 100: 154-164

10. ZARIC D ez al. 2006 A comparison of epidural analgesia with
combined continuous femoral-sciatic nerve blocks after total knee
replacement. Anesth Analg 102: 12401246

1. PAULJ E ez al. 2010 Femoral nerve block improves analgesia out-
comes after total knee arthroplasty: a meta-analysis of randomized

controlled trials. Anesthesiology 113(5): 1144-62

12 BOEZAART A P 2006 Perineural infusion of local anesthetics.
Anesthesiology 104: 872880

13. HEBL J R ¢t al. 2005 A comprehensive anesthesia protocol that
empbhasizes peripheral nerve blockade for total knee and total hip
arthroplasty. J Bone Joint Surg Am 87 (suppl 2): 63—70

14. CAPDEVILLA X et al. 1999 Effects of perioperative analgetic tech-
nique on the surgical outcome and duration of rehabilitation after
major knee surgery. Anesthesiology 91(1): 8-15

15. WATSON M W ez al. 2005 Continuous versus single-injection
lumbar plexus blocks: comparison of the effects on morphine use
and early recovery after total knee arthroplasty. Reg Anesth Pain Med
30(6): 541-7

16. SINGELYN FJ ez al. 1998 Effects of intravenous patient-controlled
analgesia with morphine, continuous epidural analgesia, and conti-
nuous three-in-one block on postoperative pain and knee rehabi-

litation after unilateral total knee arthroplasty. Anesth Analg 87(1):
88-92

164

11.

20.

21.

2.

2.

2.

2.

26.

21.

2.

0.

32.

31.

BLOCK B M ez al. 2003 Review Efficacy of postoperative epidural
analgesia: a meta-analysis. JAMA 290(18): 2455-63

EDWARDS N D 1992 Continuous low-dose 3-in-1 nerve blockade
for postoperative pain relief after total knee replacement. Anesth
Analg 75(2): 265-7

FARAG E ez al. 2005 Epidural analgesia improves early rehabi-
litation after total knee replacement. J Clin Anesth 17(4): 281-5
SALINAS F V et al. 2006 The effect of single-injection femoral
nerve block versus continuous femoral nerve block after total knee
arthroplasty on hospital length of stay and long-term functional
recovery within an established clinical pathway. Anesth Analg 102(4):
1234-9

SALINAS F V 2006 The effect of single-injection femoral nerve
block versus continuous femoral nerve block after total knee arthro-
plasty on hospital length of stay and long-term functional recovery
within an established clinical pathway. Anesth Analg 102(4): 1234-9
SEET E ez al. 2006 Effectiveness of 3-in-1 continuous femoral block
of differing concentrations compared to patient controlled intra-
venous morphine for post total knee arthroplasty analgesia and knee
rehabilitation. Anaesth Intensive Care 34(1): 25-30

DANG PHAM 2005 The value of adding sciatic block to continous
femoral block for analgesia after total knee replacement. Reg Anesth
Pain Med 30(2): 128-33

CAPPELLERI G 2011 Does continous sciatic nerve block improve
postoperative analgesia and early rehabilitation after total knee
arthroplasty. Reg Anesth Pain Med 36(5): 489-92

MORIN A M 2005 Postoperative analgesia and functional recovery
after total-knee replacement:comparison of a continous posterior-
lumbar plexus(psoas compartment) block, a continous femoral ner-
ve block, and the combination of a continousfemoral and sciatic
nerve block. Reg Anesth Pain Med 30(5): 434-45

BRUCE BEN-DAVID 2004 Analgesia after total knee arthroplasty:
is continous sciatic blockade needed in addition to continous femoral
blockade? Anesth Analg 98: 747-9

MCNAMEE 2002 Post-operative analgesia following total knee re-
placement.an evaluation oft he addition of an obturator nerve block
to combined femoral and sciatic nerve block. Acta Anaesthesiol scand
46(1): 95-9

MACALOU 2004 Postoperative analgesia after total knee repla-
cement: The effect of an obturator block added to femoral 3 in 1
block. Anesthesia & Analgesia 99 (1): 251-254

BOUAZIZ et al. 2002 An evaluation oft he cutaneous distribution
after obturator nerve block. Anesth Analg 94: 445-9

PAAUWE ] 2008 Femoral nerve block using ropivacaine 0.025%,
0.05% and 0.1%: eftects on the rehabilitation programme following
total knee arthroplasty: a pilot study. Anaesthesia 63(9): 948-53
CASATT A 2007 Effects of ultrasound guidance on the minimum
effective anaesthetic volume required to block the femoral nerve. Br J
Anaesth 98(6): 823-7

ILLFELD B M 2010 Continous peripheral nerve blocks: is local
anesthetic dose the only factor, or do the concentration and volume
influence infusion effects as well? Anesthesiology 112(2): 347-54
BAUER M Continous Femoral Nerve Blocks:Relative Effects of
Local Anesthetic Dose, Concentration and Volume. European Jour-

nal of Pain Supplements 5(2): 508

. CHAROUS M T 2011 Continous femoral nerve blocks:varying

local anesthetic delivery method(bolus versus basal) to minimize
quadriceps motor block while maintaining sensory block. Anesthe-
siology 115(4): 774-81

CAPDEVILLA X 2005 Continous Peripheral Nerve blocks in Hos-
pital wards after Orthopedic Surgery: A multicenter prospective
Analysisi oft he Quality of Postoperative Analgesia and compli-
cations in 1,416 Patients. Anesthesiology 103(5): 1035-1045
ANAGNOSTOPOULOU S 2009 Anatomic variations oft he Ob-
turator Nerve in the Inguinal region: Implications in Conventional
and Ultrasound Regional Anesthesia Techniques. Reg Anesth and
Pain Med 34(1)

ILLFELD B M 2010 The Association Between Lower extremity
Continous Peripheral Nerve Blocks and patient Falls After Knee and
Hip Arthroplasty. Anesth Analg 111(6): 1552-1554

JAEGER P 2012 Effect of adductor-canal blockade on established,
severe post-operative pain, after total knee arthroplasty: a rando-
mised study. Acta Anaesthesiol Scand 56(8): 1013-9

KANDASAMI M 2009 Femoral nerve block for total knee replace-
ment- A word of caution. The Knee 16(2): 98-100

Period biol, Vol 115, No 2, 2013.



Regional anaesthesia and analgesia in fast track knee arthroplasty

Sanja Huterer

a.

a2.

. JAEGER P 2013 Adductor canal block versus femoral nerve block

and quadriceps strength.a randomized, double blind, placebo-con-
trolled, crossover study in healthy vulunteers. Anesthesiology 118(2):
409-15

HORNER G 1994 Innervation oft he human knee joint and im-
plications for surgery. Clin Orthop Relat Res 301: 221-6
STANDRING S 2005 Greyzs Anatomy: The anatomical basisi of
clinical practice. Elsevier: Churchill Livingstone, Edinburgh.

. TSUIB C 2009 Ultrasound guided transartorial peri- femoral artery

approach for saphenous nerve block. Reg Anesth Pain Med 34: 177-8

. KROMBACH ] 2005 Sonography for saphenous nerve block near

the adductor canal. Anesthesiology 102: 633-8

. ANDERSEN L O 2008 High volume infiltration analgesia in total

knee arthroplasty: a randomized, double blind, placebo-controlled

trial. Acta Anaesthiol Scand52 (10): 1331-5

Period biol, Vol 115, No 2, 2013.

46.

4.

8.

4.

ANDERSEN L O 2010 Analgesic efficacy of intracapsular and intra-
-articular local anaesthesia for knee arthroplasty. Anaesthesia 65(9):
904-12

ESSVING P 2011 Local infiltration analgesia versus intratecalmor-
phine for postoperative pain menagement after total knee arthro-
plasty. Anesth analg 113(4): 926-33

ANDERSEN L O 2010 Analgesic efficacy of local anaesthetic
wound administration in knee arthroplasty: volume vs concentration.
Anaesthesia 65(10): 984-90

LUNN T H 2012 Possible effects of mobilisation on acute post-ope-
rative pain and nociceptive function after total knee arthroplasty.
Acta Anaesthesiol Scand

165





