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Abstract

Objectives: Continuous peripheral nerve blocks (cPNBs)
have shown promising results in pain management after
orthopaedic surgeries.However, they canbe associatedwith
some risks and limitations. The purpose of this study is to
describe our experience with the cPNBs regarding efficacy
and adverse events in patients undergoing orthopedic
surgeries on the lower extremity in different subspecialties.
Methods: This is a prospective cohort study on collected
data from perineural catheters for pain management after
orthopedic surgeries in lower limbs. Catheters were placed
by experienced anesthesiologists using sterile technique.
After an initial bolus dose of 10–20 mL ropivacaine 0.5%
(weight adjusted), the catheters were secured and
connected to disposable mechanical infusion pumps with
ropivacaine 0.2% (basal infusion rate = 6 mL/h; weight
adjusted (0.2 mL/kg/h)). After catheterization, the patients
were examined daily, by specially educated acute pain
service nurses. Pro re nata (PRN) or fixed boluses (10 mL
bupivacaine 0.25%;weight adjusted) with an upper limit of
4 times/day, were administered if indicated. Patients’
demographic data, physiological status, and pre-op intake
of opioids and other analgesics were registered. The

severity of post-operative pain was assessed with ‘Numeric
Rating Scale’ (NRS) and ‘Face, legs, Activity, Cry, Consol-
ability’ (FLACC) scale for adults and children, respectively.
The need for additional opioids andpossible complications
were registered.
Results: We included 547 catheters of 246 patients (Range
1–10 catheters per patient). Overall, 115 (21%) femoral, 162
(30%) saphenous, 66 (12%) sciatic, and 204 (37%) popliteal
sciatic nerve catheter were used. 452 (83%) catheters were
inserted by a primary procedure, 61(11%) catheters
employed as a replacement, and 34 catheters (6.2%) used
as a supplement. For guiding the catheterization, ultra-
soundwas applied in 451 catheters (82%), nerve stimulator
in 90 catheters (16%), and both methods in 6 catheters
(1.1%). The median duration a catheter remained in place
was 3 days (IQR = 2–5). The proportion of catheters with a
duration of two days was 81, 79, 73, and 71% for femoral,
sciatic, saphenous, and popliteal nerve, respectively. In
different subspecialties, 91% of catheters in wound and
amputations, 89% in pediatric surgery, 76% in trauma,
64% in foot and ankle surgery, and 59% in limb recon-
structive surgery remained more than two days. During
first 10 days after catheterization, the proportion of pain-
free patients were 77–95% at rest and 63–88% during
mobilization, 79–92% of the patients did not require
increased opioid doses, and 50–67%did not require opioid
PRN doses. In addition to 416 catheters (76%), which were
removed as planned, the reason for catheter removal was
leaving the hospital in 27 (4.9%), loss of efficacy in 69
(13%), dislodgement in 23 (4.2%), leakage in 8 (1.5%), and
erythema in 4 catheters (0.73%). No major complication
occurred.
Conclusions: After orthopaedic procedures, cPNBs can be
consideredasanefficientmethod for improvingpaincontrol
and minimizing the use of additional opioids. However, the
catheters sometimes might need to be replaced to achieve
the desired efficacy.
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Introduction

Poorly controlled pain after orthopedic procedures often
leads to prolonged hospital stay and more complicated
rehabilitation, and imposes a great burden to the healthcare
system [1, 2]. In addition, uncontrolled acute post-operative
pain has been shown to be a consistent risk factor for inci-
dence of persistent or chronic postoperative pain, which can
develop in as many as 10–50% of the patients [3].

Peripheral nerve block is a localized and region-specific
analgesic option, and as a component of multimodal opioid
sparing analgesia regimen, plays an important role in post-
operative pain management [4–7]. Continuous infusion of
local anesthetics by means of novel infusion pumps,
provides a significantly longer duration of analgesia, which
even facilitates the application inanambulatory setting. The
efficacy of continuous peripheral nerve blocks (cPNBs) in
improving the pain control after orthopedic surgeries has
been consistently shown in systematic reviews and meta-
analyses [8–12]. Several studies indicated reduction in the
use of opioids, and consequently, reduction in systemic
opioid adverse effects [11, 13]. Other benefits included
reduction in length of hospital stay [14] and faster recovery
[15, 16].

However, peripheral nerve blocks can be associated
with some risks and limitations [7, 17, 18]. The incidence of
potential adverse events such as infection, catheter
displacement and leakage of the anesthetics, depends on
insertion technique and anatomic site of the catheters, and
can easily influence the efficacy of peripheral nerve blocks
and reduce the tendency to implement catheters as
standard care. Furthermore, the variation of performance
between different orthopaedic subspecialities is unknown.
Although a large number of studies have been conducted
to answer the aforementioned questions, the efficacy of
peripheral nerve catheters has not yet been fully defined
and there are still some ambiguities regarding the benefits
and side effects.

The objective of this study is to describe our experience
with continuous peripheral nerve block in patients under-
going surgeries on the lower extremity in different ortho-
pedic sub-specialties.We compare the efficacy of peripheral
nerve catheters regarding pain control and simultaneous
opioid requirement, in addition to the rate of complications
causing cessation of the catheterization.

Methods

Study design

This cohort study was performed on prospectively collected data from
perineural catheters applied at Aalborg University Hospital (AAUH),
Aalborg, Denmark, during the period from August 2019 to June 2020.
The study was approved by the Danish Data Protection Agency 2008-
58-0028, ID 2019-83. In Denmark, registry studies do not need ethical
approval. The study follows the STROBE guidelines for reporting
observational studies [19].

Participants

The indication for placement of pain catheters was post-operative
pain, that expected to be severe and prolonged (more than 24 h). It was
determinedby the anesthesiologist in consultationwith the surgeon in
charge of the patient. Only patients with peripheral nerve catheters
after orthopedic surgeries in lower limbs were included in the study.
No restrictions were applied regarding the age of the participants.
Catheters applied in an ambulatory setting, or indications other than
perioperative pain were excluded from our study.

Catheters

All catheters were placed by anesthesiologists experienced in
deployment of peripheral nerve catheters. Sterile technique was
used, and catheterization were guided by ultrasound (High fre-
quency linear probe (6–13 MHz)) for Echo-polyplex 90 (Temena)
catheters, and/or nerve stimulator (current intensity = 0.3–0.6 mA,
frequency = 2 Hz, pulse width = 0.1 msec) for Arrow StimuCath®

(Teleflex Technologies) catheters. Most pain catheters were inserted
under general anesthesia, whereas re-sitings and supplementary
catheterizations were typically performed in awake patients. Cathe-
terswere inserted from 2 to 5 cm and a bolus dose of ropivacaine 0.5%
10–20 mL (adjusted to the weight of the patient) was administered
through the catheter at the time of catheterization, to check the ef-
ficacy. Subsequently, the catheters were secured with medical glue
and transparent occlusive dressing (Figure 1) and connected to
disposable mechanical infusion pumps, CADD®-Solis VIP Ambula-
tory Infusion Pump (Smiths Medical), with a standard of ropivacaine
0.2% basal infusion rate 6 mL/h. For children boluses and infusions
were adjusted by weight (0.2 mL/kg/h).

Follow-up

The infusion continued in the postoperative period. The patients were
followed and assessed by two specially educated acute pain service
nurses, who both have higher academic degrees in painmanagement,
in addition to decades of experience in this field.1 The pain nurses

1 Both pain nurses have academic diplomas in “Acute Pain”, and one
has a master’s degree in “Pain Science and Multidisciplinary Pain
Management”. One has 23 years and the other has 11 years of experi-
ence in pain management.

Ghaffari et al.: Performance of lower limb peripheral nerve blocks 795



work based on a framework in collaboration with anesthesiologists,
surgeons, nursing staff in the wards, physiotherapists, and other
healthcare teams. For breakthroughpain, a boluswas administered by
the acute pain service nurse if indicated. Further administrations, as
pro re nata (PRN) or fixed boluses (10 mL bupivacaine 0.25%; weight
adjusted) with an upper limit of 4 times/day, were planned. The
insertion sites were inspected every day, except for weekends, for
signs of inflammation and infection, and if needed, the dressingswere
improved. The catheters were replaced in cases that any adverse event
happened, the catheters lost their efficacy, or the patients underwent
new surgeries. This decision was made based on the judgement of the
pain nurses in collaboration with the surgeon in charge of the patient,
while the patients were also involved in this decision. In situations
where the existing catheters were functional, but the pain relief was
not adequate, adding an extra catheter was considered. Termination
of catheterization was also determined by the pain nurses, in
consultation with the surgeon in charge of the patient, based on the
condition of the patient regarding pain, mobilization, type of surgery,
and the postoperative need for opioids.

Data collection

In addition to demographic data, patients’ physiological status
assessed by American Society of Anesthesiologists (ASA) physical
status classification system [20] was registered. The patients’ sta-
tus regarding pre-op intake of opioids and other analgesics was
also recorded. For evaluating the severity of adults and older
children’s post-operative pain, we used an eleven-point Numeric
Rating Scale (NRS 0–10) [21] ‘at rest’ and ‘during mobilization’. For
children under 5 years of age, Face, legs, Activity, Cry, Consol-
ability scale (FLACC 0–10) [22] was used. Patients with NRS lower
than 4 were assumed to have acceptable pain, while patients with
NRS equal to or higher than 4 considered to suffer from pain. Pain
assessment was performed during rest and mobilization. The
definition of mobilization in our study was standing in up-right
position, sitting in a chair, going to the toilet with or without
support, and/or ambulation. The patients were mobilized as soon
as there was no contra-indication for mobilization, based on sur-
geon’s decision and the type of surgery. Moreover, whether the

patient had adequate pain control, determined the time of mobi-
lization. The need for additional analgesics was recorded as PRN
opioid and increased opioid doses. Possible complications and
adverse events that caused unplanned catheter removal were also
registered.

Data were stored in a database, that had been created for this
purpose, using REDCap electronic data capture tools hosted at Region
Nordjylland, Denmark [23].

Study size

Sample size was based on availability of patients requiring perineural
catheters for post-op pain management after lower limb orthopedic
surgeries during the study period. No pre-study sample size calcula-
tions were performed for this descriptive study design.

Statistical methods

Descriptive statistics were applied to describe demographic data,
duration of catheterization, efficacy, and adverse events. The duration
of catheterization and the proportion of catheters with duration of
more than two days, as an indicator of the length of painmanagement,
were calculated. The efficacy was reported as proportions of the pa-
tients with acceptable pain level in each follow up visit, in addition to
proportions of the patients, who did not require increased opioid
doses or PRN opioids. The incidence of adverse events, which resulted
in catheter removal, was reported as frequency and proportions.
Descriptive statistical analysis and making plots were conducted in R
(R Core Team, 2020) [24].

Results

Subjects

During the period of study, 271 patients received pain
management with peripheral nerve catheters. After
excluding 25 patients (8 patients with upper extremity
catheters, 8 ambulatory patients, 3 patients with pain due
to limb ischemia, and 6 patients in other departments),
246 consecutive patients were finally included in our
study (table 1).

Overall, 547 catheters were applied in the study. The
mean total number of catheters a patient received during
the treatment course was 2.2 (Range 1–10), reflecting the
number of simultaneous catheters, the rate of catheter
replacements, and the number of operations the patient
underwent.While 213 patient (=406 catheters) experienced
cPNBs for only one operation, 28 patients (=111 catheters), 3
patients (=16 catheter), 1 patient (=9 catheters), and 1
patient (=5 catheters), received cPNBs for two, three, four,
and five operations, respectively.

The catheters were applied in four different anatomic
locations (Figure 2). In 452 instances (83%), application of

Figure 1: Photograph showing how the catheter is fixed in a patient.
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the catheters was performed by a primary procedure,
whilst 61 catheters (11%) were employed as a replacement
for malfunctioning catheters, and 34 catheters (6.2%) were
employed as a supplement to the existing operational ones.
Overall, six patients (2.4%) experienced more than two
events of catheter replacement during the course of their
treatment (Figure 3). Method for locating the nerves during
the procedure of catheterization, was ultrasound in 451
catheters (82%), and nerve stimulator in 90 catheters
(16%). In 6 catheters (1.1%), a combination of bothmethods
was used.

Duration of catheterization

In all, themedian duration a catheter remained in place was
3 days [2–5 days]. This duration varied in different
anatomical areas and in different subspecialties (Figure 4).
Overall, 409 of 547 catheters (75%) had a duration of more
than twodays. Theproportion of catheterswith aduration of
more than two days, as an indicator of longer pain
management period, differed significantly in four anatomic
areas, and it was 81, 79, 73, and 71%, in femoral, sciatic,
saphenous, and sciatic popliteal areas, respectively. This
proportion varied also between different subspecialties, and
91% of the catheters in wound and amputations, 89% in
pediatric surgery, 76% in trauma, 64% in foot and ankle

surgery, and 59% in limb reconstructive surgery, remained
in place for more than two days.

Efficacy

For the first 10 days after placing the catheters, the
proportion of the patients, who reported to be pain free or
feel pain, at rest and during mobilization, is depicted in
Figure 5.

Regarding opioid administrations, the proportion of
patients who required increased opioid doses, and PRN
opioids during the first 10 days after catheterization is
demonstrated in Figure 6.

Cessation of the treatment

In 416 of 547 catheters (76%), the cessation of the peripheral
nerve block was as scheduled. In 27 cases (4.9%), the
catheters were removed, since the patients were to leave the
hospital (either were transferred to other hospitals or
discharged from the hospital).

Overall, the reasons for unplanned discontinuation of
the pain management with cPNBs were, loss of efficacy in
69 (13%), dislodgement in 23 (4.2%), leakage in 8 (1.5%),
and erythema at the catheterization site in 4 catheters

Table : The patients’ characteristics admitted in different subspeciality sections.

Patients’ characteristics Subspeciality

Trauma Limb reconstruction Foot and ankle Pediatric surgery Wound and amputation Total

Median age (range) (years)  (–)  (–)  (–)  (.–)  (.–)  (.–)
Sex
Male, %  ()  ()  ()  ()  ()  ()
Female, %  ()  ()  ()  ()  ()  ()
Preoperative pain
management
No      

Low-dose opioida
     

High-dose opioidb
     

Other medicationc
     

ASAd

      

      

      

      

Total      

aPatients with opioid consumption of less than mgmorphine equivalent per day at the time of admission. bPatients with opioid consumption
of more than  mg morphine equivalent per day at the time of admission. cPatients with other pain treatments such as gabapentin, tricyclic
antidepressants or pregabalin. dAmerican Society of Anesthesiologists physical status classification system.
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(0.73%). The proportion of reasons for cessation of cathe-
terization in different anatomic locations are demonstrated
in Figure 7.

No major complication has been observed during the
study period.

Discussion

Numerous benefits of peripheral neural catheters in the
management of post-operative pain have been evidenced
by several experimental studies, systematic reviews, and
meta-analyses. We investigated the use of lower limb
cPNBs in a broad range of patients undergoing various
orthopedic surgeries, and our findings support that cPNBs
can be employed to relieve pain and reduce the use of

opioids. We find it a reliable and effective method, for
several days after surgery, with low incidence of adverse
events.

In literature, cPNBs as a component of postoperative
opioid sparing multimodal analgesia has been strongly
recommended due to its many advantages, and their use
has become very common in recent decades [5]. However,
variable success rates have been reported in literature
depending multiple factors, including patients’ charac-
teristics, the method of application of analgesia, and the
approach for outcome evaluation. Pain is indeed a
multifactorial entity and hard to evaluate since it may
even be affected by psychological factors such as anxiety
and personality. In our study, a substantial and relatively
constant proportion of the post-operative patients were
pain-free ‘at rest’ and ‘during activities’ for the several

Figure 2: Bar-chart demonstrates the
distribution of 547 catheters in different
anatomic locations and pie-charts show the
percentages of catheters implanted in
these anatomic locations in different sub-
specialities.

Figure 3: Patients (n=6) who had more than
two events of catheter replacement during
the course of painmanagementwith cPNBs.
The table at the right shows the number of
catheter replacements, number of
operations and the total number of
catheters in these patients.
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days following catheterization. However, the proportion
of pain-free patients ‘during activities’ were moderately
lower. This relatively lower success rate in pain relief
during activities was also in agreement with other studies
[7, 8, 12]. Xu et al. in a Cochrane systematic review found
that peripheral nerve blocks as adjunctive techniques to
systemic analgesia, resulted in a lower pain intensity
score ‘at rest’, during the first 72 h after major knee sur-
geries. The results regarding pain ‘on movement’ during
the first 48–72 h, however, were not as favorable, and
demonstrated no difference compared to systemic anal-
gesia alone [12].

Several studies have found between 10 to 40% failure
rate of cPNBs, depending on catheters’ anatomical location
and insertion method [4, 25–27]. The rate of treatment
failure in our study was relatively low, given that we had to
remove 13% of the catheters due to inefficacy. The per-
centage of the catheters, that were applied as a replace-
ment for inefficient catheters, or a supplement for an
existing catheter were 11 and 6%, respectively. Further-
more, only six patients (2.4%) had catheter replacements
more than twice, and most of the replacements took place
in case of new operations. In patients with multiple cath-
eter replacements, it was decided to continue the pain

Figure 4: Scatterplots show the catheters’
duration and box-and-whisker depicts the
median and interquartile range for the
number of the days a catheter remained in
place based on: (a) catheters’ anatomic
place, (b) different subspecialities.
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Figure 5: 100% Stacked-bar-charts show the proportion of patients with and without pain, in each day following catheterization. (The left
chart demonstrates the proportions at rest, while right chart shows the values during movement. The green numbers inside the bars
demonstrate the number of patientswithout pain in eachday, while the black numbers above the bars show the sumof patients visited in each
day).

Figure 6: 100% Stacked-bar-charts show the proportion of patients without increased opioid doses and PRN opioid doses, in each day
following catheterization. (The red numbers inside the bars show the number of patients requiring increased opioid doses and PRN opioid
doses and the blue numbers above the bars show the total number of patients with and without need for increased opioid doses and opioid
PRN doses).

Figure 7: The proportion of the reasons for
removing catheters in different anatomic
locations.
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management with nerve catheters, although there were
alternative analgesic methods. Since the patients had
favorable experience with previous catheters regarding
pain control, and also because of the patients’ age and
comorbidities, considering risks and complications asso-
ciated with the use of opioids. The patients had a central
role in this decision.

Misplacement of catheters in relation to the target
nerve can lead to primary failure of the catheters, while
catheter migration, dislodgment and obstruction after a
proper primary position can result in a secondary failure of
treatment. In our study, placement of most of the catheters
were guided by ultrasound, which theoretically improves
the block success rate and reduces the amount of anes-
thetic needed by enabling injection of anesthetics in the
right place after visualization of the nerve [28, 29], how-
ever, we could not strongly conclude on this, due to
disproportionate number of catheters in our study, sited by
these two methods in different anatomic locations. The
catheters were fixed cautiously after insertion and the
dressings were observed every day during follow up visits,
since optimized securement of the catheters can have a
significant role in durability of catheters [31–33]. We did
not investigate whether inserting catheters under general
anesthesia would have any influence on the efficacy and
failure of the catheters. It might be preferred to use the
catheters in an awake patient, however sometimes it is not
possible due to affecting the operation field or the pain and
discomfort associated with positioning some patients, in
which case satisfactory pain control, reduction in opioid
use, and no sign of nerve damage, to some extent, would
indicate an acceptable catheterization.

By more widespread use of cPNBs, greater knowledge
has been achieved regarding their complications and
potential adverse events. Minor complication such as
intraneural injection, vascular puncture, or local inflam-
mation can occur frequently with cPNBs, however, they are
usually transient and self-limited. Meanwhile, the risk of
serious complications, such as significant nerve injury,
bleeding, and anesthetic toxicity are comparatively low
[17, 25–27]. We did not observe any major complication
during this study. This might be attributable to application
of standard and up-to-date techniques in deployment and
maintenance of the catheters by a team of anesthesiolo-
gists and acute pain service nurses, specially educated and
experienced in nerve blocks. Theoretically, the risk of
infection after cPNBs would rise due to existence of the
foreign body and large proportions of catheters in other
studies have showed positive culture for microbial growth

(6–57%), yet the incidence of systemic or local infection
was quite low (0–3%) [28]. Previous studies considered
the duration of catheterization more than 48 h to be an
important risk factors for infection [28]. However, even
thoughmost of the catheters in our study remained in place
formore than two days, we did not find any case of catheter
infection. In addition to application of sterile techniques
for catheterization, we consider daily routine visits to be an
important contributing factor, which facilitates detection
and prevention of the infection in early pre-clinical stages.
There is a strong suggestion in literature that catheter
insertion sites should be inspected every day to avoid
progression of infection, since the time interval between
the onset of symptoms and infection progression is usually
less than 48 h [29]. In our study, we did unplanned removal
of 4 out of 547 catheters due to erythema whichmight have
avoided progression to clinical infection.

As an alternative to cPNBs, single-injection nerve
blocks (sPNBs) can also provide excellent analgesia for up
to 24 h, but for this period a densemotor and sensory block
must be anticipated, which increases the risk of falls and
positioning injuries [30]. On the other hand, cPNBs offer
more flexibility in both duration and density of local
anesthesia, in which by reducing the concentration of the
local anesthetic and thereby reduction of dense motor and
sensory blocks, the risk of systemic toxicity, falls and
positioning injury would decrease [31]. Bingham et al. [32]
in a systematic review and meta-analysis showed that
cPNBs provide superior pain control, less opioid
consumption, and greater patient satisfaction than sPNBs.
In addition, the risk of rebound pain phenomenon, as a
severe pain that can occur once regional anesthesia wears
off, is reduced with cPNBs compared to sPNBs [33, 34].
Another challenge that we faced in this study was a sig-
nificant proportion of patients that required a combination
of catheters in different anatomic places. This is because
surgical sites in the lower extremity are typically inner-
vated bymultiple nerves and thus, one perineural infusion
usually is not able to provide optimal analgesia. In these
circumstances, a combination of cPNBs and sPNBs can be
applied to achieve the most effective analgesia [30]. Lipo-
somal bupivacaine as an innovative therapy might have
the potential to address the limitation in duration of action
of peripheral nerve blocks after a single injection. The
gradual process of lipid degradation and clearance of
liposomal bupivacaine can be used to extend its duration
of action [35], nevertheless, several systematic reviews and
meta-analyses have failed to demonstrate the superiority of
liposomal over the non-liposomal form of the anesthetic
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[36–39], and it has currently been only approved for few
indications by the US Food and Drug Administration (FDA)
and European Medicines Agency (EMA) [40, 41].

Our study has several limitations. Amajor limitation of
our study is the technique of giving an initial bolus of
ropivacaine followed by placement of the catheter, which
may lead to a significant overestimation of the potential
benefits of the cPNBs, in case a successful initial block ends
to improper catheter position. Besides, most of catheteri-
zations in our study were done under general anesthesia
and accordingly, the efficacy of the catheters could not be
accurately assessed until the patients were fully awake.
Another possible weakness of our study is that the patients
were investigated until removal of the catheters, and
therefore the effect of nerve blocks on patients’ rehabili-
tation, and possible complications such as rebound pain,
late infection, and nerve injury, remain unstudied.
Accordingly, an additional study is required to observe and
determine late outcomes and complications, that might
emerge after removing catheters. Finally, we could not
perform any comparison regarding the outcome of cPNBs
between different types of surgeries, since the number of
patients in each category was not sufficient and could
result in underpowering of our statistical comparisons.

In conclusion, cPNBs can be considered as an efficient
method for improving pain control after various ortho-
paedic surgeries and minimizing the use of additional
opioids, however, the catheters sometimes might need to
be replaced or relocated in order to achieve the desired
efficacy. Accordingly, further investigation is needed to
explore the efficacy of cPNBs employing different anal-
gesic regimens, in different anatomic locations and after
various types of surgeries.

Research funding: No funding in any form was received or
will be received for this study.
Author contributions: MJ, HR and MS conceived the
original idea, MJ, JB, OR and SK developed the study
design, HR andMS examined the patients and collected the
data, HR andMS registered the data in the database, JB and
AG analysed the data, AG designed the figures, and all
authors discussed the results and contributed to writing
the final manuscript.
Competing interests: The authors declare that they have
no known competing financial or personal interests that
could have appeared to influence the work in this paper.
Informed consent: Not required for this work.
Ethical approval: It was a registry study and did not need
ethical approval. The study was approved by the Danish
Data Protection Agency 2008-58-0028, ID 2019-83.

References

1. Sinatra R. Causes and consequences of inadequate management
of acute pain. Pain Med 2010;11:1859–71.

2. Janssen SA, Spinhoven P, Arntz A. The effects of failing to control
pain: an experimental investigation. Pain [Internet] 2004;107:
227–33.

3. Kehlet H, Jensen TS, Woolf CJ. Persistent postsurgical pain: risk
factors and prevention. Lancet 2006;367:1618–25.

4. Hauritz RW, Hannig KE, Balocco AL, Peeters G, Hadzic A, Børglum J,
et al. Peripheral nerve catheters: a critical review of the efficacy.
Best Pract Res Clin Anaesthesiol 2019;33:325–39.

5. Chou R, Gordon DB, De Leon-Casasola OA, Rosenberg JM,
Bickler S, Brennan T, et al. Management of postoperative pain: a
clinical practice guideline from the American pain society, the
American society of regional anesthesia and pain medicine, and
the American society of anesthesiologists’ committee on regional
anesthesia, executive commi. J Pain 2016;17:131–57.

6. Schwenk ES, Mariano ER. Designing the ideal perioperative pain
management plan starts with multimodal analgesia. Korean J
Anesthesiol 2018;71:345–52.

7. Joshi G, Gandhi K, Shah N, Gadsden J, Corman SL. Peripheral
nerve blocks in the management of postoperative pain:
challenges and opportunities. J Clin Anesth 2016;35:524–9.

8. Chan EY, FransenM, Parker DA, AssamPN, Chua N. Femoral nerve
blocks for acute postoperative pain after knee replacement
surgery. Cochrane Database Syst Rev 2014;2014.

9. Touray ST, De Leeuw MA, Zuurmond WWA, Perez RSGM. Psoas
compartment block for lower extremity surgery: a meta-analysis.
Br J Anaesth 2008;101:750–60.

10. Hughes MS, Matava MJ, Wright RW, Brophy RH, Smith MV.
Interscalenebrachial plexusblock for arthroscopic shoulder surgery:
a systematic review. J Bone Joint Surg-Ser A 2013;95:1318–24.

11. Richman JM, Liu SS, Courpas G, Wong R, Rowlingson AJ,
McGready J, et al. Does continuous peripheral nerve block
provide superior pain control to opioids? Ameta-analysis. Anesth
Analg 2006;102:248–57.

12. Xu J, Chen XM, Ma CK, Wang XR. Peripheral nerve blocks for
postoperative pain after major knee surgery. Cochrane Database
Syst Rev 2014;2014:CD010937.

13. Gabriel RA, Swisher MW, Sztain JF, Furnish TJ, Ilfeld BM, Said ET.
State of the art opioid-sparing strategies for post-operative pain
in adult surgical patients. Expet Opin Pharmacother 2019;20:
949–61.

14. Lenart MJ, Wong K, Gupta RK, Mercaldo ND, Schildcrout JS,
Michaels D, et al. The impact of peripheral nerve techniques on
hospital stay following major orthopedic surgery. Pain Med
(United States) 2012;13:828–34.

15. Liu Q, Chelly JE, Williams JP, Gold MS. Impact of peripheral nerve
blockwith lowdose local anesthetics on analgesia and functional
outcomes following total knee arthroplasty: a retrospective
study. Pain Med (United States) 2015;16:998–1006.

16. Lovald ST, Ong KL, Lau EC, Joshi GP, Kurtz SM, Malkani AL.
Readmission and complications for catheter and injection
femoral nerve block Administration after total knee arthroplasty
in the medicare population. J Arthroplasty 2015;30:2076–81.

17. Ilfeld BM. Continuous peripheral nerve blocks. Anesth Analg
2011;113:904–25.

802 Ghaffari et al.: Performance of lower limb peripheral nerve blocks



18. Ilfeld BM. Continuous peripheral nerve blocks: an update of the
published evidence and comparison with novel, alternative
analgesic modalities. Anesth Analg 2017;124:308–35.

19. von Elm E, Altman DG, Egger M, Pocock SJ, Gøtzsche PC,
Vandenbroucke JP. The Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) statement:
guidelines for reporting observational studies. Lancet 2007;370:
1453–7.

20. American Society of Anesthesiologists. ASA physical status
classification system [Last Amended December 13, 2020].
Available from: https://www.asahq.org/standards-and-
guidelines/asa-physical-status-classification-system [Accessed
24 May 2021].

21. Gagliese L, Weizblit N, Ellis W, Chan VWS. The measurement of
postoperative pain: a comparison of intensity scales in younger
and older surgical patients. Pain 2005;117:412–20.

22. Merkel SI, Voepel-Lewis T, Shayevitz JR, Malviya S. The FLACC: a
behavioral scale for scoringpostoperative pain in young children.
Pediatr Nurs 1997;23:293–7.

23. Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG.
Research electronic data capture (REDCap)-A metadata-driven
methodology and workflow process for providing
translational research informatics support. J Biomed Inf
2009;42:377–81.

24. Team R Core (R Foundation for Statistical Computing). R: A
Language and Environment for Statistical Computing [Internet].
Vienna, Austria; 2020. Available from: https://www.r-project.org/.

25. Jeng CL, Rosenblatt MA. Intraneural injections and regional
anesthesia: the known and the unknown. Minerva Anestesiol
2011;77:54–8.

26. Wiegel M, Gottschaldt U, Hennebach R, Hirschberg T, Reske A.
Complications and adverse effects associated with continuous
peripheral nerve blocks in orthopedic patients. Anesth Analg
2007;104:1578–82.

27. Jeng CL, Torrillo TM, Rosenblatt MA. Complications of peripheral
nerve block. Br J Anaesth 2010;105:i97–107.

28. Nicolotti D, Iotti E, Fanelli G, Compagnone C. Perineural catheter
infection: a systematic reviewof the literature. J Clin Anesth 2016;
35:123–8.

29. Bomberg H, Bayer I, Wagenpfeil S, Kessler P, Wulf H, Standl T,
et al. Prolonged catheter use and infection in regional
anesthesia: a retrospective registry analysis. Anesthesiology
2018;128:764–73.

30. Aguirre J, DelMoral A, Cobo I, Borgeat A, Blumenthal S. The role of
continuous peripheral nerve blocks [Internet]. [cited 2021 Jan 21].
Anesthesiol Res Pract 2012;2012:20.

31. Ilfeld BM, Duke KB, Donohue MC. The association between
lower extremity continuous peripheral nerve blocks and
patient falls after knee and hip arthroplasty. Anesth Analg
2010;111:1552–4.

32. Bingham AE, Fu R, Horn JL, Abrahams MS. Continuous peripheral
nerve block compared with single-injection peripheral nerve
block: a systematic review and meta-analysis of randomized
controlled trials. Reg Anesth Pain Med 2012;37:583–94.

33. Ding DY, Manoli A, Galos DK, Jain S, Tejwani NC. Continuous
popliteal sciatic nerve block versus single injection nerve block
for ankle fracture surgery: a prospective randomized comparative
trial. J Orthop Trauma 2015;29:393–8.

34. Dada O, Zacarias AG, Ongaigui C, Echeverria-Villalobos M,
Kushelev M, Bergese SD, et al. Does rebound pain after
peripheral nerve block for orthopedic surgery impact
postoperative analgesia and opioid consumption? A narrative
review. Int J Environ Res Public Health 2019;16.

35. Mantripragada S. A lipid based depot (DepoFoam® technology) for
sustained release drug delivery. Prog Lipid Res 2002;41:392–406.

36. Hamilton TW, Athanassoglou V, Trivella M, Strickland LH,
Mellon S, Murray D, et al. Liposomal bupivacaine peripheral
nerve block for the management of postoperative pain. Cochrane
Database Syst Rev 2016;2016.

37. Hamilton TW, Athanassoglou V, Mellon S, Strickland LH,
Trivella M, Murray D, et al. Liposomal bupivacaine infiltration at
the surgical site for the management of postoperative pain.
Cochrane Database Syst Rev Ltd 2017;2017.

38. Hussain N, Brull R, Sheehy B, Essandoh MK, Stahl DL, Weaver TE,
et al. Perineural liposomal bupivacaine is not superior to
nonliposomal bupivacaine for peripheral nerve block Analgesia:
a systematic review and meta-analysis. Anesthesiology 2021;
134:147–64.

39. Ilfeld BM, Eisenach JC, Gabriel RA. Clinical effectiveness of
liposomal bupivacaine administered by infiltration or peripheral
nerve block to treat postoperative pain: a narrative review.
Anesthesiology. Lippincott Williams and Wilkins 2021;134:
283–344.

40. FDA ADVISORY COMMITTEE MEETING BRIEFING DOCUMENT
EXPAREL® (bupivacaine liposome injectable suspension)
MEETING OF THE ANESTHETIC AND ANALGESIC DRUG PRODUCTS
ADVISORY COMMITTEE. 2018. Available from: https://www.
accessdata.fda.gov/drugsatfda_docs/label/2018/022496s9lbl.
pdf [Accessed 19 Mar 2021].

41. Exparel liposomal | European Medicines agency. 2020. Available
from: https://www.ema.europa.eu/en/medicines/human/
EPAR/exparel-liposomal [Accessed 27 Mar 2021].

Ghaffari et al.: Performance of lower limb peripheral nerve blocks 803

https://www.asahq.org/standards-and-guidelines/asa-physical-status-classification-system
https://www.asahq.org/standards-and-guidelines/asa-physical-status-classification-system
https://www.r-project.org/
https://www.accessdata.fda.gov/drugsatfda_docs/label/2018/022496s9lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2018/022496s9lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2018/022496s9lbl.pdf
https://www.ema.europa.eu/en/medicines/human/EPAR/exparel-liposomal
https://www.ema.europa.eu/en/medicines/human/EPAR/exparel-liposomal

	Does the performance of lower limb peripheral nerve blocks differ among orthopedic sub-specialties? A single institution ex ...
	Introduction
	Methods
	Study design
	Participants
	Catheters
	Follow-up
	Data collection
	Study size
	Statistical methods

	Results
	Subjects
	Duration of catheterization
	Efficacy
	Cessation of the treatment

	Discussion
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Euroscale Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1000
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.10000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /DEU <>
    /ENU ()
    /ENN ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName (ISO Coated v2 \(ECI\))
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName <FEFF005B0048006F006800650020004100750066006C00F600730075006E0067005D>
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.503940
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


