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Abstract
Background and objectives: The lumbar plexus block (LPB) is a key technique for lower limb
surgery. All approaches to the LPB involve a number of complications. We hypothesized that
Chayen’s approach, which involves a more caudal and more lateral needle entry point than the
major techniques described in the literature, would be associated with a lower rate of epidural
spread.
Method: We reviewed the electronic medical records and chart of all adult patients who underwent orthopedic surgery for Total Hip Arthroplasty (THA) and hip hemiarthroplasty due to
osteoarthritis and femoral neck fracture with LPB and Sciatic Nerve Block (SNB) between January 1, 2002, and December 31, 2017, in our institute. The LPB was performed according to
Chayen’s technique using a mixture of mepivacaine and levobupivacaine (total volume, 25 mL)
and a SNB by the parasacral approach. The sensory and motor block was evaluated bilaterally
during intraoperative and postoperative period.
Results: A total number of 700 patients with American Society of Anesthesiologists (ASA) physical status I to IV who underwent LPB met the inclusion criteria. The LPB and SNB was successfully
performed in all patients. Epidural spread was reported in a single patient (0.14%;p < 0.05),
accounting for an 8.30% reduction compared with the other approaches described in the literature. No other complications were recorded.

夽 Internal review board approval. This study was approved by the local Ethical Committee of our institution Comitato Etico Regionale delle
Marche, Chairperson Prof. P. Pelaia; Protocol number: 2018/21; Date of approval: 2.2.2018. Written informed consent. The patients gave
their written informed consent to the processing of data for this study.
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Conclusions: This retrospective study indicates that more caudal and more lateral approach to
the LPB, such as the Chayen’s approach, is characterized by a lower epidural spread than the
other approach to the LPB.
© 2020 Sociedade Brasileira de Anestesiologia. Published by Elsevier Editora Ltda. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/bync-nd/4.0/).
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Incidência de dispersão peridural após bloqueio do plexo lumbar com técnica de
Chayen: estudo retrospectivo
Resumo
Justiﬁcativa e objetivos: O Bloqueio do Plexo Lombar (BPL) é uma técnica fundamental para
a cirurgia de membros inferiores. Todas as abordagens do BPL são associadas a uma série de
complicações. Nossa hipótese foi de que a abordagem de Chayen, que envolve um ponto de
entrada da agulha mais caudal e mais lateral do que as principais técnicas descritas na literatura,
estaria associada a menor incidência de dispersão peridural.
Método: Revisamos os prontuários médicos eletrônicos e em papel de todos os pacientes adultos submetidos à Artroplastia Total do Quadril (ATQ) e hemiartroplastia do quadril devido a
osteoartrite ou fratura do colo do fêmur empregando-se BPL associado ao Bloqueio do Nervo
Ciático (BNC), entre 1 de Janeiro de 2002 e 31 de Dezembro de 2017 em nossa instituição.
Realizamos o BPL usando a técnica de Chayen e uma mistura de mepivacaína e levobupivacaína
(volume total de 25 mL) e o BNC pela abordagem parassacral. Testes sensorial e motor bilaterais
foram realizados no intra e pós-operatório.
Resultados: Os critérios de inclusão foram obedecidos pelo total de 700 pacientes classe ASA
I a IV submetidos ao BPL. Os BPL e BNC foram realizados com sucesso em todos os pacientes.
A dispersão peridural foi relatada em um único paciente (0,14%; p < 0,05), representando uma
redução de 8,30% quando comparada às outras abordagens descritas na literatura. Nenhuma
outra complicação foi registrada.
Conclusões: Este estudo retrospectivo indica que a abordagem mais caudal e mais lateral do
BPL, como a técnica de Chayen, é caracterizada por menor dispersão peridural do que outras
abordagens do BPL.
© 2020 Sociedade Brasileira de Anestesiologia. Publicado por Elsevier Editora Ltda. Este é um
artigo Open Access sob uma licença CC BY-NC-ND (http://creativecommons.org/licenses/bync-nd/4.0/).

Introduction
Orthopedic surgery is the main ﬁeld of application of lower
extremity nerve blocks. The Lumbar Plexus Block (LPB) is
a key technique for regional anesthesia. The lumbar plexus
lies anterior to the transverse processes of the lumbar vertebrae and is formed by the anterior branches of the ﬁrst
three lumbar nerves (L1, L2, L3), most of the fourth nerve
(L4) and, in about 50% of individuals, the subcostal nerve
(T12). The nerves originating from the lumbar plexus (ilioinguinal, ileohypogastric, genitofemoral, femoral, obturator,
and lateral cutaneous nerve of the thigh), combined with
those deriving from the sacral plexus, provide innervation
to the whole lower limb.
Various LPB techniques have been devided since Winnie
ﬁrst described an anterior paravascular approach (3 in 1
block) in 1973, and a posterior approach at the level of L4---L5
in 1974.1,2 Soon afterwards, Chayen proposed a posterior
L4 approach based on loss of resistance.3 In the following three decades, Parkinson described Dekrey’s technique
(an L3 approach);4 Hanna devised an L2---L3 technique;5

Capdevila proposed an approach based on a modiﬁcation of Winnie’s landmarks;6 and Pandin modiﬁed Chayen’s
technique by introducing a more medial needle insertion
point.7
Various complications related to LPB are described in literature.
We report the complications of the Chayen approach
recorded in patients who underwent Total Hip Arthroplasty (THA) and hip hemiarthroplasty. The primary
objective of the study was to assess the incidence of
local anesthetic epidural spread; the secondary objective was to evaluate the rate of the other complications
related to the LPB and the efﬁcacy of combined
LPB and Sciatic Nerve Block (SNB) for THA and hip
hemiarthroplasty.

Method
This retrospective study was approved by the local Ethical Committee of our institution (Comitato Etico Regionale
delle Marche, Chairperson Prof. P. Pelaia; protocol num-
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ber: 2018/21; date of approval: 2.2.2018). Informed
consent for anesthesia, surgery and use of medical
records for research has been obtained from all the
patients.
Data were obtained from our institutional database,
which captures total patient information’s including surgical, anesthetic and complications details for intra and
postoperative period.
Patient, anesthesia and surgical characteristics were
retrospectively collected from our internal registry by individuals who normally have access to it.
Included in the chart reviews were American Society of
Anesthesiologists (ASA) physical status I to IV patients who
had received a combined LPB and SNB for THA and hip hemiarthroplasty due to osteoarthritis or femoral neck fracture
from January 1, 2002 to December 31, 2017.
Records were excluded if the patient received LPB
combined with spinal or general anesthesia. Furthermore,
patients with ASA physical status V or greater or who did
not authorize use of their medical records for research were
excluded.
Data recorded included demographic variables (age, gender, height, weight, body mass index, ASA physical status),
type and duration of surgery, block success, use of intraoperative sedation and analgesia.
Furthermore, the major complications related to LPB --epidural spread, retroperitoneal hematoma, renal puncture,
peripheral neuropathy, subarachnoid anesthesia, systemic
toxicity and cardiac arrest --- were assessed and their rates,
compared with those reported using other approaches.
In the preoperative room, intravenous access, pulse
oximetry, ECG, and non-invasive blood pressure monitoring
were established. Premedication was with intravenous midazolam (0.06 mg.kg-1 ). Patients were placed in the lateral
decubitus position with the side to be blocked uppermost
and their hips and legs slightly ﬂexed.
All peripheral nerve blocks were performed by an experienced staff anesthesiologist.
The LPB was performed using Chayen’s landmarks.3 The
spinous process of L4 was identiﬁed by the intercristal
(Tufﬁer’s) line, i.e. the line interconnecting the highest
points of the iliac crests, and the needle insertion point
on the skin was established 3 cm caudal and 5 cm lateral
to it. A 22 gauge (120 mm) needle connected to an Electrical Nerve Stimulation (ENS) set was inserted perpendicular
to the skin in sterile conditions, initially delivering a current of 0.70 mA (frequency, 2 Hz; pulse width, 0.1 ms). The
needle was advanced until it touched the transverse process of L5, then it was pulled slightly back and advanced
over the transverse process until contraction of the femoral
quadriceps muscle and patella twitch were detected. At this
time, the current intensity was reduced to 0.4 mA, maintaining the proper twitch. Continuous aspiration was provided
during needle siting to avoid accidental vessel puncture.
The Raj test was performed by the injection of 1 mL of
local anesthetic mixture, composed of mepivacaine and levobupivacaine. After this injection stopped the twitch, the
location was considered adequate, and the remaining 24 mL
was injected (total volume, 25 mL).
The patient remained in the same position and the
parasacral SNB was performed.8
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After identifying the posterior superior iliac spine and
the ischiatic tuberosity, a line was drawn between these
two points and a mark was made on this line at 7 cm
inferior to the posterior superior iliac spine. A 22 gauge
(120 mm) needle connected to an ENS set was inserted
perpendicular to the skin in sterile conditions, initially delivering a current of 0.70 mA (frequency, 2 Hz; pulse width,
0.1 ms). The needle was advanced until motor responses
of the posterior tibial (plantar ﬂexion) or peroneal component (extension of the foot) was elicited. At this time,
the current intensity was reduced to 0.4 mA, maintaining
the proper twitch. A local anesthetic mixture of mepivacaine and levobupivacaine (total volume, 15 mL) was
injected. Continuous aspiration and Raj test were also here
performed.
The same anesthesiologist who performed the procedure evaluated the effectiveness of the nerve block every
5 minutes, up to 30 minutes after the local anesthetic injection was completed.
Sensory block was performed bilaterally by cold stimulation in the distribution of femoral, obturator, lateral femoral
cutaneous and sciatic nerves, as well as for dermatomal levels on the abdomen and thorax to determine the cephalad
extent of the block, if any.
The results of these sensory tests on predeﬁned sensory
areas of the nerves were recorded as: 3 --- normal sensation;
2 --- decreased cold sensation; 1 --- absent cold sensation,
present touch sensation; and 0 --- no cold nor touch sensation.
A supplementary dose of local anesthetic (10 mL of 2%
lidocaine) was inﬁltrated into the surgical skin incision if
the lateral femoral cutaneous nerve area had sensory test
score of 3 or 2.
Motor block was assessed bilaterally according to a modiﬁed Bromage scale (0 = no motor block; 1 = inability to ﬂex
the hip; 2 = inability to ﬂex the knee and hip; 3 = inability
to ﬂex the ankle, knee and hip).9
A successful block was deﬁned as all skin areas of the
affected lower limb had a sensory test score of 0 or 1 and
motor block score was 2 or 3.
Local anesthetic epidural spread was deﬁned when the
sensory or motor block score was 1 or more in the contralateral limb, and/or when the loss of sensity was present in
the abdominal or thoracic region, on the same side of the
affected lower limb or in the contralateral one.

Statistical analysis
The sample size for the whole study is based on the difference between the epidural spread rate with the Chayen
approach (1.36%) and the rates reported with the other
approaches (8.44%) (Table 1). In this way, the number of
subjects ensuring a power of 95% and an alpha error of 0.05
is 492.
The method used to calculate this sample size is a priori the difference between two independent proportions,
by the z-test using G-Power software (v. 3.1.9.2., F. Faul,
Christian-Albrecht-Universität Kiel, Germany, Copyright©
1992---2014).
The quantitative variables were summarized as
mean ± Standard Deviation. The qualitative variables
were expressed as absolute frequencies and percentages.
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Epidural spread of the local anesthetic recorded in patients who received a lumbar plexus block.

Article

Approach

Method

Local
anesthetic
volume (mL)

Number of
patient (n)

Epidural
spread (n)

Parkinson4
Parkinson4
Capdevila6
Pandin7
Biboulet10
Farny11
Stevens12
De Biasi13
Mannion14
Mannion14
Jankowski15
Souron16
Tokat17

Dekrey
L4/L5
Capdevila
Chayen
Dekrey
Winnie
Winnie
Capdevila
Capdevila
Winnie
Winnie
Winnie
Chayen

ENS
ENS
ENS
ENS
ENS
ENS
ENS
ENS
ENS
ENS
ENS
ENS
ENS

0.5 kg
0.5 kg
0.4 kg
30
0.6 kg
25---35
0.4 kg
30
0.4/kg
0.4 kg
40
25
30

25
23
77
132
15
45
28
169
30
30
18
26
15

4
1
0
2
4
4
3
3
10
12
0
0
0

ENS, Electrical Nerve Stimulation.

Table 2

Patient characteristics.

Group (n = 700)
Age (years)
Weight (kg)
Height (m)
BMI (kg. m-2 )
Sex (Male/Female)
ASA physical status
I
II
III
IV

64.7 ± 20.1
62.4 ± 8.7
1.63 ± 10.5
23.5 ± 3.0
284/416
67
292
307
34

All values except sex and ASA physical status are expressed as
mean ± SD. Sex and ASA physical status are expressed as absolute
number.
BMI, Body Mass Index; ASA, American Society of Anesthesiologist.

Results
The patients’ characteristics are summarized in Table 2.
The records in which it was registered a combined LPB with
spinal or general anesthesia were excluded, because of the
impossibility to evaluate the sensory and motor block in
the affected lower limb or any epidural spread following
the LPB. A total of 731 patients met the inclusion criteria.
Thirty-one cases were excluded due to lack of documentation. After exclusions, 700 patients undergoing a combined
of LPB and SNB for THA and hip hemiarthroplasty were
included for analysis (Fig. 1).
412 patients underwent THA and 288 patients underwent hip hemiarthroplasty. The surgery duration was
61.3 ± 5.8 minutes. All surgeries were performed in lateral
decubitus. All patients completed their operations under
peripheral nerve block, and no patient required conversion
to general anesthesia.
Thirty minutes after the nerve block, sensory block of
the femoral, obturator, lateral femoral cutaneous and sci-

atic nerves was successful in, respectively, 100%, 100%, 89%
and 100% of patients (sensory test score equal to 0 or 1).
Even the motor block was successful in all patients (motor
block score equal to 2 or 3). Therefore, a successful sensory LPB was in 89% of patients. Of the total of patients,
11% had sensory test score of 2 or 3 in lateral femoral cutaneous nerve area. These patients needed local anesthetic
inﬁltration with lidocaine into the surgical skin incision.
However, we considered these patients as successful sensory
LPB because the two main nerves (femoral and obturator)
were blocked and the sensory block failure in the lateral
cutaneous femoral nerve area was overcome by local anesthetic inﬁltration into the surgical skin incision.
Thirty-two patients reported discomfort (due to position in the surgical bed) or anxiety during surgery time
and needed light sedation with continuos propofol infusion.
There was no need of analgesic drugs.
Epidural spread of the anesthetic was detected in a single
patient (0.14%). In this case the upper anesthetic level was
T7 and T8 on the ipsilateral to injection side (sensory test
score 1) and L2 and L3 on the contralateral side (sensory test
score 1). The anesthetized area was homogeneous down to
the L4 dermatome bilaterally (sensory test score 0). Motor
block score was 3 in the lower limb to be operated and 2 on
the contralateral side.
Epidural spread was compared with those reported using
the other approaches (Table 1).
The rate of epidural spread described with the other
approaches is 8.44%. Data analysis shows a rate of 0.14%
with Chayen approach, resulting in a reduction of 8.30%.
There were no cases of retroperitoneal hematoma,
subarachnoid anesthesia, renal puncture, peripheral neuropathy, systemic toxicity due to the local anesthetic, or
cardiac arrest related to the anesthetic technique.

Discussion
The LPB is a key peripheral nerve block in lower extremity
surgery.
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Screening

Assessed for screening (n = 731)

Excluded (n = 31)
♦ Missing records (n = 31)

Enrollment

Analysis

Figure 1

Eligibility (n = 700)

Analysed (n = 700)

CONSORT ﬂow diagram in this retrospective study.

The posterior LPB has long been considered as the technique providing the most effective blockage of the lumbar
plexus,4 however, all the approaches to LPB that have been
developed in the past few decades involve a number of
complications.
In our cohort of 700 patients who underwent in lower
extremity surgery with Chayen approach, we found one
case of epidural spread (incidence of 0.14%) and no other
complications.
Epidural spread of the local anesthetic and bilateral
distribution of anesthesia has been reported with all techniques.
A search for studies identiﬁed 11 papers that have specifically sought or deﬁned epidural spread, which are listed
in Table 1: in a total of 486 patients subjected to various
approaches for posterior LPB (excluding the two studies in
which the Chayen approach was performed), 41 cases of
epidural spread were reported (incidence 8.44%).4,6,10---16
In our study we observed a reduction of 8.30% in the
epidural spread incidence.
It is likely that in some of these studies the epidural
spread was underestimated. This could suggest that the difference in incidence could be greater.
Capdevila detected no case of contralateral epidural
spread with his approach. However, ﬁve cases of unilateral
epidural anesthesia were recorded. Furthermore, sensory
blockade was evaluated one hour and 24 hours after the execution of the nerve block. The contralateral dermatomers
evaluation occurred from T8 to L1 and a diluite local anesthetic solution was administered.6
Farny reported an 8.9% incidence of epidural anesthesia in patients who underwent Winnie’s technique.11 In this
study, the epidural spread was evaluated only with motor
block.
In contrast to both studies, Mannion reported the highest
rate of bilateral spread: 33% with Capdevila’s approach and
40% with Winnie’s approach.14
Regarding the Chayen technique, Pandin described a
higher incidence of central block (1.52%) compared to our
assessment.7 It was probably related to the puncture site

(2 cm medial to the original Chayen approach) and a greater
local anesthetic volume was administered compared to ours.
Similar to our ﬁnding, Tokat detected no case of epidural
spread in 15 patients.17
These data suggest that the type of approach to the lumbar plexus block and the position of the needle tip play an
important role in the spread of the local anesthetic toward
the neuraxis during application of LPB.
The insertion of the needle in the Chayen’s approach is
signiﬁcantly more lateral and distal than any other approach
and is associated with a low incidence of neuraxial spread.
Previous contrast dye studies performed during LPB have
shown that while injectate remains primarily within the
body of the psoas muscle, it may also travel medially toward
epidural space through the intervertebral foramina.4,5,18
Bilateral anesthesia after posterior lumbar plexus block
may be a result of medial insertion of the needle leading to
direct epidural or subarachnoid injection of local anesthetic
solution.14
The nerves are wrapped in dural cuff beyond the intervertebral foramina leading to a risk of intrathecal injection
of local anesthetic.19
In addition, a high injection pressure during LPB is
associated with a signiﬁcant risk of contralateral block
extension,20 and a larger volume of local anesthetic could
lead to greater risk of epidural spread.4,21
Nerve injury associate with peripheral nerve block is a
relatively uncommon complication.22,23 In this study, peripheral neuropathy related to anesthetic technique was not
detected over the course of the recovery period. Similarly
to our data, Auroy reported no peripheral neuropathy in 394
LPB performed, while Barrington found 2 peripheral neuropathies in 691 patients due to surgery and not following
the LPB.23,24 The reason of our result is that nerve stimulation at 0.4 mA allowed us to have the needle at a safe
distance from the nerve and avoid nerve trauma caused by
the contact with the needle.
Renal puncture, retroperitonal hematoma, local anesthetic toxicity and cardiac arrest related to the anesthetic
technique were not found in our retrospective medi-
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cal chart’s analysis. In literature, the incidence of these
complications was reportedly very low.
Aida reported two cases of subcapsular renal hematoma
associated with Dekrey’s technique.25 Since the lower pole
of the kidney is located near L3, a lower approach is safer.26
Capdevila reported a case of hematoma at the puncture
site and three cases of nausea and vomiting with the modiﬁed Chayen technique.6
Retroperitoneal hematoma has also been described with
the L4 approach.27,28
Klein reported psoas hematoma and lumbar plexopathy
4.5 hours after administration of the ﬁrst postoperative dose
of enoxaparin in a patient who received an LPB by Chayen’s
technique.29
The most severe complications are associated with
intravascular injection of the local anesthetic, which may
result in cardiotoxicity and, ultimately, cardiac arrest.30 The
best way to avoid it is aspiration before the injection.26
Pham-Dang reported a case of acute local anesthetic toxicity with Winnie’s posterior approach.30
An interesting result of this study showed that the combined LPB and SNB provided a high successful sensory/motor
block and surgical anesthesia for THA and hip hemiarthroplasty.
In our clinical practice, a sensory test score of 1/3 (absent
cold sensation, present touch sensation) or less, with a
motor block score of 2 (inability to ﬂex the knee and hip) or
more, is enough to deﬁne a successful nerve block.
In this review of medical records, a successful sensory
block in the femoral and obturator nerve areas was achieved
in all patients, while in the lateral femoral cutaneous nerve
area, it was achieved in 89% of the patients included in the
study.
Similar to this result, Capdevila reported a sensory blockade of lateral femoral cutaneous nerve in 85% of patients.6
Frequently, the lateral femoral cutaneous nerve runs too
laterally to be anesthetized by the LPB.31
In patients where a failed sensory block was reported in
the lateral femoral cutaneous area, local anesthetic inﬁltration was performed in the surgical incision site to avoid pain
during the incision.
Precise nerve localization using low current intensity
nerve stimulation (0.4 mA) was probably the reason of the
high success rate of the LPB and SNB. In fact, the distance of
the needle tip to the nerve is one of the main determinants
of the success in peripheral nerve block.
The highly successful nerve block allowed achieving adequate anesthesia during surgery. In fact no patient required
analgesic drugs or conversion to general anesthesia and only
32 patients’ required light sedation due to anxiety or discomfort related to the position in the surgical bed.
This is because the effect of combined LPB and SNB could
cover all innervated area of the hip and its joint capsule.32
Combined LPB and SNB has been proven as a safe and effective anesthetic method for hip surgery.33
Our study has three strenghts: a large database, a standard LPB and SNB was employed by the anesthesiologists and
homogeneus orthopedic practice. However, our results are
limited by the retrospective nature of this review: it may
contain missing data points, it may not accurately measure
the outcomes of interest and the informational content may
not be necessarily useful. In our clinical practice we have
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a single anesthesiologist in the operating room and he performs the nerve block and evaluates its effectiveness. The
ideal would be to use two different anesthesiologists in a
prospective study: one anesthesiologist performs the nerve
blocks, another one assesses the effectiveness. In addition,
the epidural spread was evaluated only with the physical
examination. Previous studies evaluated the spread radiologically using other approaches to the LPB.
In conclusion, the present review of the records of 700
LPBs performed by the Chayen technique found a single case
of epidural spread of the local anesthetic, probably due to
the more caudal and lateral approach.
A number of other factors also play a role in LPB: the
patient should be positioned with the side to be blocked
uppermost and the leg slightly ﬂexed, correct sedation
clearly affects both patient comfort and block accuracy and
effectiveness, slow advancement of the needle connected to
the ENS, and combination of smaller local anesthetic volume
and low pressure at the time of the injection may prevents
complications during LPB.
In addition, a combined LPB and SNB could be considered as an effective anesthetic method for THA and hip
hemiarthroplasty.
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