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ABSTRACT

BACKGROUND: The number of knee arthroplasty (KA) surgeries is increasing annually. These surgeries are associated with
severe pain. The optimal method of choice in perioperative analgesia in these patients remains controversial. The use of regional
analgesia, including prolonged analgesia, allows for high pain relief and increased patient satisfaction. Modern elastomeric
pumps (EP) provide prolonged conduction analgesia, which significantly expands the possibilities of perioperative pain relief.
OBJECTIVE: To evaluate the effectiveness of prolonged femoral nerve block using EP with and without bolus after KA.
MATERIALS AND METHODS: This prospective randomized study included 75 patients who were divided into two clinical
groups: group 1 (n=36), patients who received prolonged regional analgesia using EP with controlled injection without bolus,
and group 2 (n=39), patients who received prolonged regional analgesia using EP with bolus. In the postoperative period, the
level of pain at rest and during movement was assessed after 6, 12, 24, and 48 hours as well as the need for opioid analgesics,
consumption of local anesthetic for various options of continued regional analgesia, quadriceps femoris muscle function, and
distance traveled by patients after surgery in the first 2 days.

RESULTS: No significant differences were noted in pain level at rest and during movement in the observation period between
the groups (p=0.213). No additional prescription of opioid analgesics was required. Local anesthetic consumption was lower in
group 2 (group 1.384+33.4 ml; group 2.237+25.1 ml; p=0.031). Patients in group 2 had greater activity in knee extension and,
thus, greater distance traveled after surgery.

CONCLUSION: The use of EP with a bolus has been demonstrated to provide adequate levels of analgesia and better functional
recovery in patients with bolus after KA than in patients without bolus. This technique is recommended as a component of
enhanced recovery program after surgery.
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CpaBHUTeNbHas OLEHKa ABYX METOA0B NPoAsIEHHOM
6nokaabl 6eapeHHOro HepBa C UCNOJIb30BaHUEM
3/1aCTOMEepHOM NMOMNbI Nocne 3HA0NPOTe3UPOBAHUSA
KOJIGHHOro cycTaBa: npocrneKTUBHOE
paHAOMU3UPOBaAHHOE KOHTpPONMpyeMoe UcCefoBaHue
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AHHOTALMA

06ocHoBaHMe. Yucio onepaumii Mo 3HAOMNPOTE3UPOBaHUI0 KoneHHoro cyctaBa (3KC) exeronHo pacTér. BMelatenbcTea
COMpSIKEHDI C Pa3BUTMEM BbIpaXeHHoro bonesoro cuHapoMa. Bonpoc Beibopa ontuManbHoro cnocoba nepuonepaLyoHHON
aHanresuy y MauMeHTOB [0 CWUX MOP OCTAETCA AMCcKyTabenbHbIM. Mcnonb3oBaHWe pervioHapHoW aHanresuu, B TOM 4ucrie
NPOANEHHOM, NO3BONSAET 00€CMeYUTb BbICOKOE KayecTBO 06e360/MBaHMS U NOBBLICUTL YA0BNETBOPEHHOCTL NaumeHToB. Co-
BpEMeHHble 3nactoMepHble nomnbl (3M1) AaloT BO3MOXKHOCTL NPOBEAEHUS MPOSICHIMPOBAHHON NPOBOAHWKOBON aHanresuw,
YTO 3HAYMTENLHO pacLUMPAET BO3MOXHOCTM NepuonepaLmnoHHoro 06e3bonmBaHms.

LUenb. OueHutb 3ddeKTMBHOCTL NpoaneHHoW bnokagbl benpeHHoro Hepsa (BBH) npu ucnonb3oBanum 301 ¢ Gontocom
u 6e3 Hero nocne JKC.

Marepuanbl u MeToabl. B npocneKT1BHOE paHL0MM3MPOBaHHOE KOHTPOJIMpYEMOE Uccef0BaHMe Bbin BKIKOYEHbI 75 naum-
€HTOB, KOTOPbIX Pa3AeNuin Ha 2 KIMHUYECKMe rpynnbl: rpynna 1 (n=36) — nauueHTbl, KOTOPbIM OCYLUECTBAIANACh NPOATEH-
Has pervoHapHas aHanresus ¢ ucrionb3oauem 3l ¢ perynupyeMoit cKopocTbio BBeeHUA be3 bontoca; rpynna 2 (n=39) —
JMUa, KOTOpbIM OCYLLECTBNIANACch NPOANEHHAs pervoHapHas aHanresus ¢ ucronb3oBaHueM 31 ¢ BO3MOXHOCTbIO BBefe-
Husa bontoca. B mocneonepaunoHHOM Nepuofe OLEHWBaNM MHTEHCMBHOCTL B0MEBOT0 CUHAPOMA B MOKOE M MPU ABUXKEHWUM
yepes 6—12-24-48 u, perucTpupoBanm NoTPedHOCTL B Ha3HAYeHUN HAPKOTUYECKMX aHabreTUKOB, PacXof MEeCTHOro aHecTe-
TUKa NpY PasNMYHbIX BapuaHTax NpOLOMKEHHOW PErvOHapHOH aHanre3nu, QyHKLMIO YeTbIPEXTIAaBOM MbILLLbl Beapa 1 npoi-
AEHHOE NaLyeHTaMu paccTosHWe Noc/e OnepaTMBHOTO BMELLATENbCTBA B NepBble 2 CyT.

Pesynbrartbl. BoipaxeHHOCTb 60nM B NOKOE U Npy ABUMEHWUW MEXY FpynnaMy 3a nepuog, HabnoLeHNs He UMena CTaTUCTy-
YECKM 3HauuMbIX pasnnumin (p=0,213). [lononHUTeNbHOro HasHaYeHWs HAPKOTUYECKUX aHanbreTUKoB He noTpeboBanock. Pac-
X0[, MECTHOrO aHecTeTMKa Obln HUKe Y nauueHToB 2-i rpynnbl (rpynna 1 — 384+33,4, rpynna 2 — 237+25,1 mn; p=0,031).
Y naumeHToB 2-# rpynnbl 0TMeYeHbl 00/bLLAsA aKTUBHOCTb B pa3rMbaHMM KONEHHOro CycTaBa W, Kak CnefcTeue, bonbluee
NpOLEHHOE PacCTOSHWE NOC/E OnepaLuy.

3akniouenue. poaeMoHCTpMpPOBaHO, YTO Mcnonb3oBakue 3l ¢ Bontocom obecneunBaeT afieKBaTHbINM YPOBEHb aHANre3uUM
W nydiwee dyHKUMOHaNbHOe BoccTaHoBNeHWe y naumentos nocne JKC B cpaBHeHuu ¢ nuuamu be3 BeegeHus bomoca. 3ta
MeTO[MKa MOXeET BbiTb peKOMEHA0BaHa KaK KOMMOHEHT MpOrpaMMbl YCKOPEHHOTO BOCCTAHOBIEHMSI.

KnioueBbie cnoBa: 6nokaaa 6E,U,p9HHOFO HepBa; 3HA0NPOTEe3UpOBaHME KOJIEHHOr0 CyCTaBa; 31aCToMepHaa nomna.
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BACKGROUND

The number of knee arthroplasties (KAs) is increasing
each year [1]. KA procedures may restore normal knee
function, resume patients’ normal activities, and alleviate
joint pain. However, knee arthroplasty is associated with a
severe perioperative pain. Optimal postoperative analgesia
plays a pivotal role in the postoperative recovery process,
prevention of complications and ultimately determines
favorable surgical outcomes. However, it is evident that
early rehabilitation can only be achieved if the patient is
provided with an adequate intraoperative anesthesia [2].

In recent decades, postoperative regional anesthesia
has been extensively used in trauma and orthopedics
units. Several studies have demonstrated that a post-
KA femoral nerve block (FNB) can provide adequate
analgesia while reducing opioid requirements [3].
The analgesic efficacy of FNB administered as part of
a multimodal analgesia regimen for KA patients can
contribute to early rehabilitation and enhanced post-
surgical recovery [4].

Continuous conduction analgesia has enabled a
transition from single-shot peripheral blocks to continuous
ones. Elastomeric pumps (EPs) designed to deliver local
anesthetics have significantly expanded the range of
postoperative modalities for continuous regional analgesia.
It is important to note that finding an optimal technique
for EP-based local anesthetic infusion remains a topic of
ongoing investigation by numerous authors [5, 6].

Continuous infusion of local anesthetic is an effective
technique of perioperative analgesia. However, a higher
infusion rate during continuous FNB may contribute to
quadriceps femoris weakness, which can impede the
recovery process and increase the risk of falling [7-9].

By triggering EPs, patients can self-administer
supplementary boluses of local anesthetic, which enables
them to engage in anesthesia and, furthermore, perform
preemptive analgesia during mobilization and physical
therapy.

A paucity of evidence in the Russian literature
to substantiate the advantages of specific EP-based
techniques has provided a rationale for this study.

AIM

Our aim was to assess the efficacy of continuous FNB
by patient-controlled analgesia with basal infusion of
local anesthetic with or without the option for the patient
to self-administer a supplementary bolus.

MATERIALS AND METHODS

Study design

This was a prospective, randomized, controlled study.
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Randomization

The study enrolled 75 patients who underwent an
elective primary total KA (TKA). Immediately before
surgery, the patients were randomly assigned to either
clinical group 1 (n=36) or clinical group 2 (n=39) using the
envelope method, with each patient selecting one of two
allocation envelopes.

Eligibility criteria
Inclusion criteria:

« written informed consent to participate in the study and
have the study results published without compromising
data confidentiality;

« no contraindications to regional anesthesia;

« an ability to cooperate at the study stages.
Non-inclusion criteria:

« withdrawal of the informed consent;

« coagulopathy;

« a history of drug abuse;

 cognitive impairment.

Exclusion criteria: transition from spinal to general
anesthesia due to technical difficulties.

Study conditions and duration

The study was conducted between April and August
2023 at the Anesthesiology and Critical Care Unit No. 2
of the Priorov National Research Medical Center for
Traumatology and Orthopedics (Moscow).

Subgroup analysis

The study subjects were assigned to one of the two
clinical groups: Group 1 (n=36) with continuous FNB using
a continuous basal-only infusion; Group 2 (n=39) with
continuous FNB using basal infusion with supplementary
boluses.

Medical intervention

Surgical intervention

All surgical interventions were performed with spinal
anesthesia. When changing the type of anesthesia (due
to technical difficulties associated with spinal anesthesia
failure), the patients were supposed to be excluded from
the study; however, no such cases were reported. Once
the patient was brought to the operating room, the ASA
standards for basic anesthetic monitoring were initiated,
including measurements of heart rate, oxygenation, and
body temperature, electrocardiography recording, and
noninvasive blood pressure measurement.

After a pre-load with isotonic solution 500 mL, spinal
anesthesia was aseptically performed at the level of L,—
L, intervertebral spaces. Intrathecal isobaric bupivacaine
12.5 mg (Novosibkhimpharm, Russia) was used for spinal
anesthesia. The hypnotic effect was achieved by continuous
infusion of propofol (Fresenius Kabi, Germany) at 2—-3 mg/

95
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kg/hour. Subsequently to the surgical procedure and
return to consciousness, the patients were transferred to
the post-anesthetic care unit for postoperative monitoring.
Prior to the transfer, the femoral nerve was catheterized in
the operating room. Following a two-hour post-anesthetic
monitoring, patients were transferred to a specialized
unit where a local anesthetic infusion was initiated. Upon
admission, the study subjects were informed about the
EP operating principles and the option of postoperative
anesthesia that would be used in a particular case. The
patients could routinely request assistance with the
ongoing continuous analgesia from a health care staff
member.

Femoral nerve catheterization

To mitigate the probability of technical complications,
regional anesthesia was performed by the same
anesthesiologist with expertise in ultrasound-guided

Fig. 1. Ultrasound image of the femoral nerve.
Note. 1 — femoral vein, 2 — femoral artery, 3 — femoral nerve.

Fig. 2. Positioning the needle to the femoral nerve.
Note. 1 — femoral artery, 2 — femoral nerve.
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regional anesthesia and nerve catheterization. The
femoral nerves were catheterized aseptically via the
ultrasound-guided technique using a Samsung HM70
Ultrasound System (Samsung Medical, South Korea)
and a sterile, disposable Kontiplex Tuohy continuous
peripheral nerve block catheter set (B. Braun, Germany).
A 15 MHz linear transducer was positioned on the
femoral crease to visualize the femoral artery, vein,
and nerve (Fig. 1).

After the femoral nerve was identified laterally, an
insulated block needle was inserted in-plane and advanced
toward the lower portion of the femoral nerve, and 5 mL
of ropivacaine 0.2% was injected (Fig. 2).

Using a catheter-through-needle technique, a
perineural catheter was positioned at 2 cm from the
femoral nerve (Fig. 3).

After the procedure, the catheter was secured with
Band-Aid directly to the skin (Fig. 4).
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Fig. 3. Femoral nerve catheter.
Note. 1 — femoral artery, 2 — femoral nerve.

Fig. 4. Fixation of the catheter.

A multimodal analgesia regimen was used in the
postoperative period. Patients received a combination of
paracetamol 1 g 3 times daily and ketorolac 30 mg 3 times
daily. If a first-line therapy was ineffective, an opioid
analgesic (trimeperidine 2%) was initiated.

In the study, a continuous block anesthesia was achieved
with the administration of ropivacaine 0.2% (Fresenius Kabi
Deutschland Gmbh, Russia) as a local anesthetic. Accufuser
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MB8P elastomeric infusion pump (WU YANG MEDICAL RUS,
South Korea) was used. The initial filling volume of the EPs
was 300 mL in both groups, while the basal rate through
the perineural catheters was initially set at 4 mL/h. The EPs
were available with flow rates ranging from 4 to 12 mL/h.
Group 2 patients had the option of self-administering
a supplementary fixed-volume bolus of local anesthetic
(2 mL), with a 15-minute bolus lockout.
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Study outcomes

Primary outcome

The primary study endpoints included an assessment of
the pain severity at rest and on movement at 6, 12, 24, and
48 hours. The pain severity was graded using the 10-point
Visual Analogue Scale (VAS), with 0 representing no pain;
1-3, mild pain; 4-6, moderate pain; 7-9, severe pain; 10,
unbearable pain. Additionally, the opioid requirements
among the study patients were recorded.

Secondary outcomes

Secondary endpoints included the analysis of local
anesthetic exposure with various options of continuous
analgesia and the assessment of quadriceps femoris
function and distances covered postoperatively.

Outcome measurements

A goniometer was used to measure the quadriceps
femoral muscle strength before surgery and at 6, 12, 24,
48 hours postoperatively. During the Timed Up and Go test
used to assess the covered distance, the study patients
were asked to stand from a bed and walk forward as far
as possible until they felt any discomfort or, if necessary,
stop and sit down on a chair.

Ethical approval

The study was conducted as part of a thesis work approved
by the Local Ethics Committee of the Central State Medical
Academy (Protocol No. 4/2021 of November 20, 2021).

Statistical analysis

Sample size calculation

Initially, the sample size was not estimated due to the
limited availability of elastomeric infusion pumps for the
study. Based on the retrospective calculation, the sample
size was 63 patients with 75 EPs available to achieve 95%
power with a 5% margin of error.

Statistical methods

The statistical analysis was performed using
Microsoft Excel software package (Microsoft Corp., USA) and

Table 1. Patient baseline
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STATISTICA v. 8.0 (StatSoft Inc., USA). Normal variables were
presented as absolute values (n) with percentages of the
total number of observations (%). The data were presented
as the arithmetic mean and standard deviations (M + o).
The Shapiro-Wilk test was used to determine whether a
dataset followed a normal distribution. If data were found
to be normally distributed, the groups were evaluated using
the Student’s t-test. Otherwise, the Mann-Whitney U-test
was used to compare differences between the two groups.
The differences were considered statistically significant at
p <0.05.

RESULTS

Study subjects

The clinical and demographic characteristics at the
study enrollment are presented in Table 1. There were
no statistically significant differences in anthropometrics,
age, and preoperative pain severity. More women with
ASA | and Il than men were enrolled in this study (ASA is
the American Society of Anesthesiologists classification,
which is an assessment of the patient's preoperative
physical status).

There were no significant differences in surgical extent,
duration, and intraoperative blood loss between the groups
(p=0.317).

The postoperative scores for pain at rest and on
movement are presented in Table 2.

No significant differences were observed between
the groups in the severity of both pain at rest and on
movement at any time point (p >0.05).

None of the patients required opioid analgesia, as
adequate postoperative analgesia was achieved.

The analysis comparing the amount of local anesthetic
between groups showed that at 48-hour follow-up, total
exposure was significantly lower in those who received
basal infusions with supplementary boluses compared
to basal-only infusions (384+33.4 mL for Group 1,
237+25.1 mL for Group 2; p=0.031).

Similarly, the patients in Group 2 demonstrated
a better ability to perform active knee extensions than

Characteristic

Group 1 (n=36)

Group 2 (n=39)

Height, cm 168.3+14.3 164+12.1
Body weight, kg 83+10.7 88+12.4
Age, years 61+9.4 57+10.2
Gender, M/ F 12/24 10/29

Pre-operative pain, VAS score 3.110.9 2.5£0.7
ASA 1/ 5/20/11 3/23/13

Note. ASA — anesthetic assessment of the patient’s physical status.

DOl https://doiorg/1017816/RA623946




ORIGINAL STUDY ARTICLES

those in Group 1, with the preoperative baseline values
being comparable between the groups (p=0.144). The

results are presented in Table 3.

Vol 18 (1) 2024

Regional anesthesia and acute pain management

As for the covered distance, the patients in Group 2
demonstrated a longer walking distance than those in

Group 1. The results are shown in Fig. 5.

Table 2. Level of pain at rest and in movement

Time point

Group 1 (n=36)

Group 2 (n=39)

6h
12h
24 h
48 h

6h
12h
24 h
48 h

Pain VAS at rest, score
1.5£0.4
1.3+0.3
1.4¢0.5
1.410.4

Motion-evoked pain VAS, score

1.420.4
1.7£0.5
1.6+0.3
1.740.6

1.3+0.2
1.210.3
1.5£0.4
1.6+0.3

1.1£0.5
1.8+0.3
1.7£0.5
1.90.4

Note. VAS — a visual analogue scale.

Table 3. Indicators of extension in the knee joint in degrees

Time Group 1 (n=36) Group 2 (n=39)
Preoperative
0Oh 76+7.8 72+6.2
Postoperative
6h 3845.3 67+5.7*
12 h 43+6.7 714.6*
24 h 48+5.1 76%5.9*
48 h 47+45.8 7545.6*
Note. * p <0.05.
Cm 1000
900
800
*
700
600 * * 7]
* - S

500

400 . N ‘

300 \

200

WO N2 N

6 hours 12 hours 24 hours 48 hours
Group | £7 Group Il

Fig. 5. Distance traveled by patients after surgery.

Note. * p <0.05.
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DISCUSSION

Summary of primary study outcome

The results demonstrate that adequate anesthesia
for KA can be achieved with continuous FNB using EP
technique. Continuous regional analgesia contributes
to reduced opioid requirements postoperatively. Self-
administered boluses improve postoperative knee
functional recovery and range of motion compared to
basal infusion. Reducing the amount of local anesthetic
ensured by supplementary boluses is associated with
improved safety of local anesthetic administration and has
a financial benefit.

Discussion of primary study outcome

Currently, regional anesthesia is actively developing
in various areas of surgery, including traumatology and
orthopedics. Previously, it was limited to single-shot
blocks. However, with continuous regional analgesia and
EPs, pain relief can be prolonged.

The number of orthopedic knee surgeries are
increasing each year, so anesthesiologists and clinicians
show a great interest in postoperative analgesia and early
mobilization [10]. The search for the most effective and
safe perioperative anesthetic regimens after KA remains
ongoing [11, 12].

One of the major advantages of continuous peripheral
nerve blocks is that they can be administered for several
days, making them indisputably superior to single-shot
blocks, the duration of which is limited by the local
anesthetic volume and concentration.

In this study, there were no differences in the
severity of pain at rest and on movement at all time
points in the study groups, which suggests that
continuous conduction analgesia allows for adequate
pain relief up to 48 hours after KA. Our findings are
consistent with those from previous studies, which
indicate that continuous peripheral nerve blocks using
EP can effectively reduce pain both at rest and on
movement within the first 72 hours following KA, when
compared to single-shot blocks [12].

A review of the existing literature has not yielded a
clear answer as to which method of perineural infusion
is the most effective [5].

Aguirre et al. demonstrated that continuous basal
infusion of local anesthetic reduces the incidence of
breakthrough pain, although the pain severity may
vary [13].

Our findings revealed that achieving adequate
analgesia with basal-only infusions was associated
with a two-fold increase in the infusion rate compared
to baseline. With boluses, the baseline infusion rate
remained unchanged. Consequently, the overall local
anesthetic exposure was found to be significantly
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higher for those in Group 1 (basal-only), which
ultimately increased the medication burden and
medical expenses.

Self-administration of supplementary boluses
enables the patient to engage in perioperative pain relief.
Optional boluses afford the opportunity to enhance the
quality of anesthesia and to reduce the basal rate. In
both study groups, EPs were used with the basal rate
varying within a range of 0 to 14 mL/h at 4 mL/h initially.
The bolus volume was 2 mL, with a 15-minute lockout.
The specified rates, volumes and lockout time have been
advised by a number of studies investigating continuous
FNB [5, 6, 13].

An optimal anesthesia allows reducing (and avoiding
in some cases) opioid analgesics in the postoperative
period. This mitigates the risk of adverse events and
improves the patient’s rehabilitation potential [6].

This study demonstrated that none of the patients
required opioid analgesics, which may be interpreted
as further evidence of the opioid-sparing effect of
continuous regional anesthesia and its efficacy as
a component of a postoperative multimodal anesthetic
regimen.

Charous et al. compared the effect of continuous
basal-only infusion and repeated bolus doses for
continuous FNB and concluded that both methods equally
reduce muscle strength and found neither of them
to be superior [9]. Nevertheless, subsequent studies
demonstrated that the boluses are a more optimal choice
compared to basal-only infusions for perioperative
anesthesia and functional recovery [5].

The study found that bolus self-administration
did not affect the functional status of the quadriceps
femoris muscle. In contrast, basal-only infusion was
associated with decreased motion in the knee joint due
to the blockage of nerves innervating the quadriceps
femoris muscle, which increased the risk of falling
and decreased the rehabilitation potential. In the
previous study, a correlation was observed between
femoral nerve blocks and the increased risk of falling.
Nevertheless, this does not justify the decision to avoid
perioperative regional analgesia, since it is necessary
to adopt an individualized approach to reducing the risk
of falling [12].

Study limitations

The study sample was largely represented by
middle-aged individuals and those with ASA | and II
physical status. This was considered a study limitation.
It should be noted that revision knee arthroplasty
patients were not included in this study, and further
research investigating older age, higher ASA classes,
or revision surgery populations may be scientifically
promising. Another limitation is that sample size was
not pre-estimated.
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CONCLUSION

FNB provides an adequate perioperative anesthesia in
KA patients. Continuous blocks are superior to a single-
shot block and provide postoperative pain relief for up
to 48 hours. The EP-based technique with the option to
self-administer a supplemental bolus has advantages
over basal-only infusions and improves the postoperative
rehabilitation potential and functional recovery in KA
patients. The study results may prove useful in the
implementation of enhanced recovery programs in trauma
and orthopedic units.
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