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Abstract
Background: Continuous blockade of the femoral nerve is widely used for postoperative analgesia after hip surgery. It can be

achieved by ultrasound-guided placement of a femoral nerve catheter via either the in plane (IP) or out of plane (OOP) technique. On
the basis of postoperative radiographs, we evaluated the paths of femoral nerve catheters with respect to both techniques and its
effect on postoperative analgesia.
Methods: Thirty-four patients were randomized to receive a radiopaque femoral nerve catheter via either the IP or OOP technique.

The paths and tip position of the catheters were evaluated in postoperative frontal radiographs of the operated hip joint concerning a
predeﬁned target region and four neighboring regions. Pain scores were assessed using a numeric rating scale (0–10).
Results: Sixteen IP patients and 18 OOP patients were included in the study. The catheter path was radiographically evaluated in 13
IP patients and in 10 OOP patients. The catheter tips were located within the target region in 39% of the IP group and in 50% of the
OOP group. The catheter tip was 0.00 cm [ 3.80 to 3.84] and 1.19 cm [ 12.27 to 0.00] (median [range]) from the target region in
the OOP group and IP group, respectively (P = .045). Catheters ﬂipped distally more often in the IP group (IP: 61.5%, OOP: 10.0%;
P = .01). There were no marked differences in the pain scores of either group.
Conclusion: Femoral nerve catheters inserted by the ultrasound-guided IP technique ﬂip distally more frequently than catheters

inserted by the OOP technique. Moreover, the distance between the catheter tip and the trunk of the femoral nerve is greater for IP
catheters than for OOP catheters. Despite these ﬁndings, postoperative analgesia did not seem to differ between the 2 techniques.
Abbreviations: ASA = American Society of Anesthesiologists, BW = body weight, DHS = dynamic hip screw, GA = general
anesthesia, HTEP = hip total endoprosthesis, IP = in plane, MRC = Medical Research Council, NRS = numeric rating scale, OOP =
out of plane, PFN = proximal femoral nail, POD = postoperative day, SAX = short axis, SD = standard deviation, SPA = spinal
anesthesia.
Keywords: continuous femoral nerve block, in plane vs out of plane, nerve catheter displacement, radiopaque nerve catheters, X-

ray analysis
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1. Introduction

AM and IB contributed equally to this study.

Continuous blockade of the femoral nerve is an effective
technique for postoperative analgesia after hip surgery and
rarely leads to complications.[1–3] Two different techniques for
ultrasound-guided placement of the catheter—in plane (IP) and
out of plane (OOP) techniques—are usually available using
nerves via the short axis (SAX).[4,5] In the OOP technique, the
needle is guided in parallel to the course of the femoral nerve and
vertically to the ultrasound plane. The catheter is advanced
parallel along the path of the femoral nerve and may be located
close to the femoral nerve. However, visualization of the needle
tip is more difﬁcult in the OOP technique, with higher potential of
accidental puncture of the femoral nerve or neighboring
vessels.[4] In contrast, in the IP technique, the needle is inserted
parallel to the ultrasound plane but vertically to the femoral
nerve. In this technique, the catheter is advanced vertically to the
path of the femoral nerve so that malposition of the catheter
above the nerve is possible and deﬁcient postoperative analgesia
is expected.[4] Studies conducted regarding the placement of
femoral nerve catheters in the IP or OOP techniques have
revealed no differences in satisfactory, postoperative analgesia,[6,7] although postoperative catheter dislocation or therapy
failure are reported in up to 25%.[8,9] Different techniques to
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was registered at the Deutsches Register klinischer Studien under
clinical trial number DRKS00011585 on January 18, 2017.

18-gauge Tuohy needle (SonoLong NanoLine, 50 mm; Pajunk
GmbH) 1 cm lateral to the ultrasound probe. The needle was
guided under the fascia iliaca near the lateral aspect of the femoral
nerve under continuous ultrasound visualization. In both groups,
after identifying the correct position of the needle tip by
ultrasound, 10 milliliters of prilocaine 1% and 10 milliliters
ropivacaine 0.75% were injected under the fascia iliaca until the
entire circumference of the nerve was surrounded by the local
anesthetic. In both groups, the needle tip was orientated with the
oriﬁce facing proximally in the direction of the nerve, and the
radiopaque one-oriﬁce catheter (SonoLong Sono Catheter, 20G,
50 cm; Pajunk GmbH) was blindly advanced beyond the needle
tip 3 to 6 cm (depending on if this could be done smoothly). The
correct catheter position was indirectly conﬁrmed upon observing the spread of saline solution injected via the catheter. The
catheter was ﬁxed on the skin with sutures, and sterile tape was
applied. Immediately afterwards, general anesthesia or spinal
anesthesia was performed.
A postoperative femoral nerve catheter was connected to a
mobile infusion pump (PEGA PCA; Venner Medical, Dänischhagen, Deutschland) with continuous application of ropivacaine
0.2% (rate: 7 mL/h). Patients were able to dispense boluses of
local anesthetics on demand each half-hour (10 mg ropivacaine,
0.2%). Patients were followed up each day by a study doctor
(JD). In cases of unacceptable pain levels (numeric rating scale
[NRS] ≥ 3), the delivery rate of the infusion pump was increased
in steps of 1 mL/h.

2.1. Patient recruitment

2.3. General anesthesia

American Society of Anesthesiology (ASA) I to III patients aged
18 to 100 years and scheduled for a hip joint operation
(implantation of a total hip endoprosthesis, a proximal femoral
nail, or a dynamic hip screw) between February 1, 2017 and
August 1, 2017 and with no contraindications for a continuous
femoral nerve blockade was recruited for the study. After
providing informed consent, the patients were randomized by a
computer-based online tool (Research Randomizer©, Urbaniak
GC, Plous S) to either IP or OOP technique groups for
ultrasound-guided continuous femoral nerve block. Either spinal
or general anesthesia was induced with respect to the patient’s
comorbidities or preference.

General anesthesia was a total intravenous technique with
sufentanil and propofol. Anesthesia was induced with a bolus
injection of sufentanil (0.3 mg/kg body weight [BW]) followed by
a bolus injection of propofol (2 mg/kg BW given over 2 minutes).
After a sufﬁcient depth of anesthesia was reached, muscle
relaxation using rocuronium (0.6 mg/kg BW) was induced, and
the patient was intubated endotracheally. Lungs were ventilated
with 40% oxygen, a tidal volume of 7 mL/kg BW and a frequency
of 15 breaths/min (adjusting to end-tidal CO2, 35–45 mm Hg).
Anesthesia was maintained with continuous infusion of propofol
(4 mg/kg BW/h) and repeated administration of sufentanil (0.1 m
g/kg BW). The endotracheal tube was removed when the patients
had regained adequate control over their airways and had a
respiratory rate >10 breaths/min, which usually occurred before
the dressing was applied.

optimize the path of peripheral nerve catheters and to determine
the catheter tip position are currently under investigation.[5]
However, no data exists thus far regarding the path of the
femoral nerve catheter or the tip position with respect to the IP or
OOP technique.
In this study, we evaluated the course of radiopaque femoral
nerve catheters on the basis of postoperative radiographs of the
hip joint with respect to IP or OOP technique of ultrasoundguided placement. We assessed the paths of the catheters in the
radiographs with regard to the proximal-distal axis of the
femoral nerve. Furthermore, we documented the position and
distance of the catheter tip with respect to a predeﬁned target
region, which could be projected on the inguinal position of the
femoral nerve in the radiograph of the hip joint. Additionally, the
quality of femoral and lateral femoral cutaneous nerve blocks and
the incidence and intensity of postoperative pain were recorded.
The aim of this study was to determine whether the position of the
catheter tip within the target region was dependent on the
technique used (the IP vs OOP technique) and its potential
positive effects on postoperative analgesia.

2. Methods

2.2. Placement of femoral nerve catheter
A peripheral vein was cannulated, and patient monitoring
(noninvasive blood pressure, pulse oximetry, continuous electrocardiography) was established. Midazolam was given intravenously as a premedication dose titrated to render the patient
relaxed but still cooperative (1–3 mg). For the placement of the
femoral nerve catheter, patients were placed in a supine position.
All femoral nerve catheters were placed by staff anesthesiologists
or senior residents under staff supervision. The femoral nerve was
located by ultrasound (12 MHz transducer, M-Turbo; FUJIFILM
SonoSite, Bothell, WA) just distal to the inguinal ligament with
the nerve in the SAX view. The appropriate puncture site was
disinfected, draped and anesthetized with 1% mepivacaine. In the
OOP group, puncture was performed using a 19-gauge needle
with a facet proﬁle (SonoLong NanoLine 50 mm; Pajunk GmbH,
Geisingen, Deutschland) 2 to 3 cm distal to the ultrasound probe.
The needle tip was placed under ultrasound guidance via the
“walk down” technique under the fascia iliaca lateral to the
femoral nerve. In the IP group, puncture was performed using an

2.4. Spinal anesthesia
Spinal anesthesia was induced with the patient in a sitting
position. The skin was anesthetized with mepivacaine 1%, the L4
spinous process identiﬁed by palpation based on a line connecting
the superior iliac crests, and a 26-gauge spinal needle (Atraucan,
B. Braun Melsungen, Melsungen, Germany) was inserted
through the L4/L5 or L3/L4 interspace. When clear spinal ﬂuid
appeared in the hub, 0.5% isobaric bupivacaine (Carbostesin;
AstraZeneca, London, UK) was injected.
2.5. X-ray analysis of the course of radiopaque femoral
nerve catheters
For standardized postoperative frontal radiographs of the
operated hip joint, patients were adjusted to a supine position
with their legs rotated inward. In cases of total hip replacement,
2
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an X-ray in axial view of the femoral neck was performed. For
standardized evaluation of the catheter tip position, a target
region (region 0) and four additional neighboring regions
(regions 1a, 1b, 2, 3) were predeﬁned in frontal radiographs
according to the following anatomical conditions. The target
region is projected on the frontal radiographs on the hip joint
(Fig. 1), which is crossed by the trunk of the femoral nerve
running distally along the iliacus muscle and lateral to the psoas
major muscle. Under the inguinal ligament, both muscles unite
and cross the hip joint to insert on the lesser trochanter of the
femur. To deﬁne the 4 neighboring regions, line 1 is drawn from
the trochanter minor proximally through the center of the target
region (=hip joint). In the center of the target region, line 1 crosses
a second line 2, which runs parallel to the inguinal band (Fig. 1).
Lines 1 and 2 divide the area around the target region into the
following 4 neighboring regions: proximal-medial (1a) and
proximal-lateral (1b) according to group 2 and group 3 of
Capdevila et al,[10] respectively, and distal-lateral (2) and distalmedial (3). In cases of implanted endoprosthesis, the planes of
this endoprosthesis were used equivalently to the hip joint bone as
the target region. In cases where the catheter tip is overlapped by
the socket of the prosthesis, an axial X-ray of the hip joint was
used for better interpretation.

Figure 2. Arrowheads mark the end portion of an in plane femoral nerve
catheter ﬂipped distally. Asterisk marks the catheter tip located in region
3 distal-medial to the target region.

2.6. Data assessment
Patient characteristics were documented. Vital parameters and
intravenously administered drugs were regularly recorded. The
depth of needle puncture and catheter placement related to the skin
were recorded. If the catheter became unintentionally dislodged
during the postoperative period, only the data collected before
dislodgement were used for statistical processing. X-ray evaluation
was performed by 2 physicians working as consultant anesthetists
(BB, JD) and controlled by a consultant radiologist (AS). First, a
speciﬁc region (0–3) was documented on which the catheter tip was
projected. If the catheter tip was located inside regions 1–3, the
distance to region 0 was measured proximally (positive value) or
distally (negative value). The path of the catheter was evaluated as
“ﬂipped distally,” if the orientation of the total 4.5-cm-long end of
the catheter drifted >90° from line 1 (Fig. 2). The incidence of pain
near the hip joint scheduled for surgery at rest and under motion as
well as the pain intensity were recorded by a study doctor (JD)
using an NRS (0 = no pain to 10 = worst pain imaginable).
Furthermore, the sensory quality of the nerve blockade in the
innervated area of the femoral nerve (anterior aspect of the thigh)
and of the lateral femoral cutaneous nerve (lateral aspect of the
thigh) by the application of cold ice was recorded using a numerical
rating scale (1 = no anesthesia, 2 = partial, 3 = complete). Muscle
strength based on hip ﬂexion was graded on the 0 to 5 Medical

Figure 1. Dotted line marks the target region. Adjacent regions are divided by
lines 1 and 2 (see the text for further details). Arrowheads mark the end portion
of an out of plane femoral nerve catheter. Asterisk marks the catheter tip
located in region 1a proximal-medial to the target region.
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Research Council (MRC) scale[11] (5 = normal strength, 4 = still
able to move against resistance, 3 = only able to move against
gravity, 2 = only able to move with gravity eliminated, 1 = ﬂicker or
trace contraction, 0 = no movement). Mobilization was graded
into 4 categories (0 = lying, 1 = sitting, 2 = impaired walking, 3 =
free walking). All these parameters were documented preoperatively and on the ﬁrst and second postoperative day (POD) by a
study physician (JD). The use of local anesthetics and counts of ondemand boluses of anesthetics administered by the patientcontrolled electric pump were documented on POD 1 and POD
2 and on the POD of catheter removal. In the ward of the trauma
surgery department of the University Medical Center of Goettingen
patients were given ibuprofen (600 mg po, 3 times a day) and
oxycodone/naloxone (10 mg/5 mg po, twice daily) according to
standardized protocol and after exclusion of contraindications.
Symptoms and signs of nerve damage of the affected extremity
were noted. Patient satisfaction of the speciﬁc analgesic procedure
(Likert scale, 1 = very unsatisﬁed to 10 = very satisﬁed) was
recorded.

Table 2
Placement and removal of femoral nerve catheters.

Attempts, n
Needle insertion depth, cm
Catheter insertion depth, cm
POD of catheter removal

3. Results
Thirty-four patients were enrolled in the study. Sixteen patients
were randomized into the IP group, and 18 patients were
randomized into the OOP group. The groups did not differ with
regard to anthropometric data, ASA classiﬁcation, type of
anesthesia or type of surgery (Table 1). Procedural data regarding

69 ± 13
44
79 ± 9.4
172 ± 10
0/10/6
11/5
15/2/0

65 ± 19
44
76 ± 14.7
170 ± 8
3/10/5
10/8
16/1/1

.53
.97
.53
.58
.22
.43
.47

.55
.62
.33
.26

Table 3
IP
n = 13
X-ray on
POD 2
POD 3
POD 4
POD 5
Catheter tips
target region 0, n
region 1a, n
region 1b, n
region 2, n
region 3, n
Distance to target region, cm

Table 1

Age, y
Gender male, %
Weight, kg
Height, cm
ASA (I/II/III), n
SPA/GA, n
HTEP/PFN/DHS, n

1.2 ± 0.6
4.8 ± 1.2
9.3 ± 1.7
3.3 ± 1.4

X-ray analysis of nerve catheter paths.

Patient characteristics, type of anesthesia, and type of surgery.
P

P

1.1 ± 0.3
5.1 ± 1.5
8.6 ± 2.8
3.9 ± 1.0

the placement of femoral nerve catheters also showed no
differences between groups (Table 2).
The catheter paths from postoperative X-rays on POD 2 to
POD 5 were evaluated in 13 patients in the IP group and in 10
patients in the OOP group (Table 3). In both groups, we found no
differences on radiographs in the location of the catheter tip
within regions 0, 1a, 1b, 2, and 3 (P = .20). Within the target
region catheter tips were located in 39% of the IP group and in
50% of the OOP group. In both groups, most of the catheter tips
lying outside of the target region 0 were located in region 3
(distal-medial to the target region) (IP: 46%, OOP: 30%). Only 2
catheter tips of the OOP group (20%, region 1a) were found in
proximally located regions (for example, see Fig. 1). The distance
between the catheter tip and the target region was 0.00 cm [ 3.80
to 3.84] and 1.19 cm [ 12.27 to 0.00] (median [range]) in the
OOP group and the IP group, respectively (P = .045). Catheters
were ﬂipped distally more often in the IP group (IP: 61.5%, OOP:
10.0%; P = .01; for example, see Fig. 2).
Table 4 summarizes the results of loss of sensation and muscle
strength at POD 1 and POD 2. At POD 1, complete loss of
sensation (grade 2) was more often found in the OOP group at the
anterior and lateral aspect of the thigh than in the IP group. This
tendency disappeared at POD 2. For muscle strength in hip
ﬂexion and grade of mobilization, we found no differences at
POD 1 and 2 between groups (Table 4).
The preoperative incidence of pain in the hip joint scheduled
for surgery was similar in both groups (Table 5). However,
reported preoperative pain intensity at rest was higher in patients

The primary outcome was the location of the catheter tip inside
the target region (yes/no). Secondary outcomes were the distance
of the catheter tips to the target region and their location in
neighboring regions. Further secondary outcomes were pain
scores, patient satisfaction, consumption of local anesthetics via
infusion pumps, loss of sensation, muscle strength, and
postoperative grade of mobilization in the operated leg. The
data were analyzed with the statistics program StatSoft (Dell Inc,
Round Rock, TX). Continuous data were tested for a normal
distribution using the Kolmogorov–Smirnov test. Normally
distributed data were described by the mean and standard
deviation, and other data were described by the median and
range. Categorical data are reported as percentages. Normally
distributed data were compared with Student t test, and nonnormal data were compared with the Mann–Whitney U test.
Categorical data were compared with Fisher exact test. A P-value
<.05 was deﬁned as statistically signiﬁcant.

OOP
n = 18

OOP
n = 18

The values are expressed as mean ± standard deviation.
IP = in plane, OOP = out of plane, POD = postoperative day.

2.7. Statistical analysis

IP
n = 16

IP
n = 16

The values are expressed as mean ± standard deviation.
ASA = American Society of Anesthesiology, DHS = dynamic hip screw, GA = general anesthesia,
HTEP = hip total endoprosthesis, IP = in plane, OOP = out of plane, PFN = proximal femoral nail,
SPA = spinal anesthesia.

Catheters ﬂipped distally, n

7
4
1
1

(53.9%)
(30.8%)
(7.7%)
(7.7%)

5 (38.5%)
0 (0.0%)
0 (0.0%)
2 (15.4%)
6 (46.2%)
1.19 [ 12.27
to 0.00]
8 (61.5%)

The values are expressed as median [range].
IP = in plane, OOP = out of plane, POD = postoperative day.

4

OOP
n = 10
6
3
1
0

(60.0%)
(30.0%)
(10.0%)
(0.0%)

5 (50.0%)
2 (20.0%)
0 (0.0%)
0 (0.0%)
3 (30%.0)
0.0 [ 3.80
to 3.84]
1 (10.0%)

P

.84

.20

.045
.01
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1 IP patient (6.25%) and in 2 OOP patients (11.11%). No patient
showed symptoms or signs of nerve damage on the operated
extremity. Patients in the IP group (9.5 ± 0.9) rated their analgesic
procedure as more satisfactory than those in the OOP group (8.4
± 1.8; P = .03).

Table 4
Grades of loss of sensation, muscle strength, and mobilization.
IP
n = 16
Loss of sensation
Anterior aspect of the thigh
on POD 1 (grade 0/1/2), n
Anterior aspect of the thigh
on POD 2 (grade 0/1/2), n
Lateral aspect of the thigh on
POD 1 (grade 0/1/2), n
Lateral aspect of the thigh on
POD 2 (grade 0/1/2), n
Muscle strength
POD 1 (MRC grade 1/2/3/4/
5), n
POD 2 (MRC grade 1/2/3/4/
5), n
Mobilization
POD 1 (0/1/2/3), n
POD 2 (0/1/2/3), n

OOP
n = 18

P

3/12/1

2/8/8

.04

7/8/1

7/8/3

.64

4/11/1

1/11/6

.07

7/8/1

7/10/1

.95

0/2/1/13/0

0/2/2/14/0

.88

0/0/1/1/14/0

0/0/0/1/17/0

.56

0/3/13/0
0/2/13/1

0/9/9/0
0/3/15/0

.06
.54

4. Discussion
In this study, we evaluated the course of radiopaque femoral
nerve catheters on the basis of postoperative radiographs of the
hip joint placed by IP vs OOP techniques. Catheter tips placed via
the OOP technique were located closer to our predeﬁned target
region near the trunk of the femoral nerve, while IP catheters
ﬂipped distally more often. Surprisingly, these different positionings of radiopaque femoral nerve catheters had no impact on the
postoperative analgesic quality in either group.
Continuous blockade of the femoral nerve is a reliable form of
postoperative analgesic therapy after hip surgery and rarely leads
to complications.[1–3] There is great interest in evaluating the
position of the catheter tip after insertion.[5] However, until now,
there have been no studies on whether the technique used for
ultrasound-guided catheter placement (IP vs OOP) may inﬂuence
the path and position of the tip of the femoral catheter and have
an impact on postoperative pain. Capdevila and coworkers[10]
examined the position of the tip of 3-in-1-catheters for
continuous 3-in-1-block in pelvic radiographs after injection of
contrast media through the catheters. The technique of needle
insertion was comparable to the OOP technique used in our
study, with a path parallel to the nerve. However, in contrast to
our results, the catheters were advanced 17.5 cm over the needle
tip. In accordance with our ﬁndings, more than 90% of the
catheter tips placed via this technique were located proximal to
the hip joint, while rotation of the catheter far away from the
femoral nerve was only sporadically found.[10] In our study, the
catheters placed via the IP technique rotated distally in relation to
the hip joint in more than 60% of cases, and the tip of the catheter
was more often found to be located distal of the target region of
the femoral nerve. This supports the fear that many catheters
placed via the IP technique may move during their insertion
perpendicular to the nerve, thus taking unforeseeable paths and
ultimately being positioned beyond the nerve.[4] Conﬁrming
results has been shown in a magnetic resonance imaging study
comparing placement of popliteal sciatic nerve catheters in SAXIP vs SAX-OOP technique.[12] Catheters placed via the IP
technique had a four times larger relative risk for displacement
compared to OOP catheters.[12]
However, in the case of a distally misplaced femoral nerve
catheter, we would have expected incomplete blockade because
the trunk of the femoral nerve divides into branches in the
inguinal area distal to the target region. Surprisingly, although
catheter tips located signiﬁcantly more distally rotated and were
far from the target region, we found the same quality of
postoperative analgesia in both groups. Additionally, 2 other
studies comparing IP and OOP techniques for the placement of
femoral nerve catheters found no differences in postoperative
analgesia.[6,7] In our study, we found higher pain levels at rest at
POD 2 in the OOP group. However, these patients already had
preoperatively higher pain levels; thus, this higher pain level as
well as the lower satisfaction with the technique in the OOP
group may be inﬂuenced by these circumstances. This interpretation is supported by the fact that neither local anesthetic
consumption nor the number of on-demand boluses differed
between the groups. Therefore, we concluded that, to some

IP = in plane, MRC = medical research council, NRS = numeric rating scale, OOP = out of plane,
POD = postoperative day.

in the OOP group (mean ± SD, NRS IP: 1.6 ± 1.2; OOP: 2.6 ± 1.9;
P = .05), while NRS scores under motion were similar in both
groups (NRS IP: 5.4 ± 1.5; OOP: 5.8 ± 1.8; P = .41). At POD 1,
we found no differences in the incidence and intensity of pain
between the groups (Table 5). At POD 2, pain was reported in all
patients in the OOP group and in 75% of patients in the IP group
(P = .02), while pain intensity at rest was higher in the OOP group
(NRS IP: 1.3 ± 0.6; OOP 1.9 ± 1.4; P = .01). Local anesthetic
consumption and counts of additional on-demand boluses of
local anesthetics were equal in both groups (Table 5).
Femoral nerve catheters were removed after 3.9 days (±1.0) in
the IP group and after 3.3 days (±1.4) in the OOP group (P = .26).
Accidental complete dislodgement of the catheter was observed in

Table 5
Perioperative pain in the operated hip joint and local anesthetics
consumption.

Preoperative pain
Patients with pain, n
Intensity at rest (NRS 1–10)
Intensity under motion (NRS 1–10)
Postoperative pain
Patients with pain on POD 1, n
Intensity at rest on POD 1 (NRS 1–10)
Intensity under motion on POD 1 (NRS 1–10)
Patients with pain on POD 2, n
Intensity at rest on POD 2 (NRS 1–10)
Intensity under motion on POD 2 (NRS 1–10)
Local anesthetics consumption
Rate of infusion on POD 1 (mL/h)
Boluses requested on POD 1 (n)
Rate of infusion on POD 2 (mL/h)
Boluses requested on POD 2 (n)

IP
n = 16

OOP
n = 18

16 (100%)
1.6 ± 1.2
5.4 ± 1.5

16 (88.9%)
2.6 ± 1.9
5.8 ± 1.8

.17
.05
.41

14 (87.5%)
1.6 ± 1.1
2.9 ± 1.2
12 (75%)
1.3 ± 0.6
2.0 ± 1.2

18 (100%)
2.3 ± 5.2
3.6 ± 2.0
18 (100%)
1.9 ± 1.4
2.9 ± 1.8

.12
.16
.31
.02
.01
0.15

5.8 ± 2.0
5.5 ± 4.2
4.0 ± 3.5
3.4 ± 4.5

6.0 ± 1.0
5.2 ± 7.0
3.7 ± 3.2
2.2 ± 3.6

.73
.89
.81
.37

P

The values are expressed as mean ± SD.
IP = in plane, NRS = numeric rating scale, OOP = out of plane, POD = postoperative day.
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We conclude that femoral nerve catheters inserted with
ultrasound guidance via the IP technique frequently rotate
distally compared with catheters inserted via the OOP technique.
Furthermore, the tips of these IP catheters are located further
away from the trunk of the femoral nerve. However, we found no
inﬂuence of either technique on postoperative analgesia.
Therefore, we cannot provide clear advice for the use of either
the IP or OOP ultrasound-guided technique for placing femoral
nerve catheters.

extent, the position of the femoral catheter tip along the mediolateral or cranio-caudal axis does not inﬂuence postoperative
analgesia. This conclusion is supported by 2 further studies that
investigated the position of 3-in-1-catheters by computed
tomography[13] and motor responses upon electrical stimulation.[14] In both studies, various positions along the femoral nerve
could be observed, while in all patients, a sufﬁcient sensory
blockade could be achieved.[13,14]
Several studies have concluded that the essential factor for an
effective blockade of the femoral nerve is the application of
the local anesthetic agent in the compartment under the
fascia iliaca.[7,10,13,15–17] The femoral nerve lies in this tight
compartment under the fascia iliaca running between the iliacus
and the psoas muscles and close to the lateral femoral cutaneous
nerve, which runs along the iliacus muscle more laterally. In the
classical fascia iliaca compartment block, needle guidance is
characterized by a “double pop” technique to position the
needle tip under the fascia iliaca. In our study and in previous
ultrasound-guided studies, the local anesthetic is injected
directly into this compartment by visualization, and sufﬁcient
analgesia is achieved independent of the technique (IP vs
OOP).[6,7]
The fascia iliaca block performed with the “double pop”
technique more often provides a combined blockade of the
femoral nerve and the lateral femoral cutaneous nerve than
stimulation-guided 3-in-1-blockade.[16] It can be assumed that
the fascia iliaca is not always perforated by the injection needle
via the latter technique. Subsequently, the injected local
anesthetic cannot spread in the compartment under the fascia
iliaca from the medially located femoral nerve to the lateral
femoral cutaneous nerve.[16] Comparing ultrasound-guided
placement of femoral nerve catheters in the IP or OOP technique,
our results indicate that a combined blockade of the femoral
nerve and the lateral femoral cutaneous nerve can be more often
achieved using the OOP technique. This may be explained by the
different paths of the catheter depending on the ultrasoundguided technique employed. In the OOP group, 90% of the
catheter tips were located proximal toward the femoral and
lateral femoral cutaneous nerves. This may favor a distribution of
local anesthetics under the fascia iliaca toward both femoral
nerves. In cases of distally ﬂipped catheters placed by the IP
technique, the proximal-lateral distribution of local anesthetics
may not be possible. Rotation of the catheter distally in the IP
technique can be potentially avoided by advancing the catheter
tip only a few centimeters over the needle tip and the target region
of the nerve. Different depths of insertion of sciatic nerve
catheters have already been compared.[18] In this study, catheters
were placed via the IP technique and advanced either 0 to 1 cm or
5 to 6 cm over the needle tip. With regard to postoperative pain,
no differences were found in either group. However, catheters
inserted a short distance frequently become dislodged.[18] The
latter may occur more frequently in the femoral region, in which
the catheter—in contrast to the sciatic nerve enclosed by muscles
—is solely surrounded and ﬁxed by skin and a thin layer of
connective tissue.
There are some limitations to our study. In addition to the
relatively small trial, we had no placebo control group to
differentiate the effect of the procedure of placing the nerve
catheter. Due to procedural reasons, the study physician
performing examinations and interviews postoperatively could
not be blinded for used ultrasound guided technique. Furthermore, additional consumption of oral analgesics was not
documented.
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