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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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АННОТАЦИЯ
Обоснование. Число операций по эндопротезированию коленного сустава (ЭКС) ежегодно растёт. Вмешательства 
сопряжены с развитием выраженного болевого синдрома. Вопрос выбора оптимального способа периоперационной 
аналгезии у пациентов до сих пор остаётся дискутабельным. Использование регионарной аналгезии, в том числе 
продлённой, позволяет обеспечить высокое качество обезболивания и повысить удовлетворённость пациентов. Со-
временные эластомерные помпы (ЭП) дают возможность проведения пролонгированной проводниковой аналгезии, 
что значительно расширяет возможности периоперационного обезболивания.
Цель. Оценить эффективность продлённой блокады бедренного нерва (ББН) при использовании ЭП с болюсом 
и без него после ЭКС.
Материалы и методы. В проспективное рандомизированное контролируемое исследование были включены 75 паци-
ентов, которых разделили на 2 клинические группы: группа 1 (n=36) — пациенты, которым осуществлялась продлён-
ная регионарная аналгезия с использованием ЭП с регулируемой скоростью введения без болюса; группа 2 (n=39) —  
лица, которым осуществлялась продлённая регионарная аналгезия с использованием ЭП c возможностью введе-
ния болюса. В послеоперационном периоде оценивали интенсивность болевого синдрома в покое и при движении 
через 6–12–24–48 ч, регистрировали потребность в назначении наркотических анальгетиков, расход местного анесте-
тика при различных вариантах продолженной регионарной аналгезии, функцию четырёхглавой мышцы бедра и прой-
денное пациентами расстояние после оперативного вмешательства в первые 2 сут.
Результаты. Выраженность боли в покое и при движении между группами за период наблюдения не имела статисти-
чески значимых различий (p=0,213). Дополнительного назначения наркотических анальгетиков не потребовалось. Рас-
ход местного анестетика был ниже у пациентов 2-й группы (группа 1 — 384±33,4, группа 2 — 237±25,1 мл; p=0,031). 
У пациентов 2-й группы отмечены бóльшая активность в разгибании коленного сустава и, как следствие, большее 
пройденное расстояние после операции.
Заключение. Продемонстрировано, что использование ЭП с болюсом обеспечивает адекватный уровень аналгезии 
и лучшее функциональное восстановление у пациентов после ЭКС в сравнении с лицами без введения болюса. Эта 
методика может быть рекомендована как компонент программы ускоренного восстановления.
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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.

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 LIII–
LIV 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/
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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 

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).

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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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 

M8P 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.

Fig. 3. Femoral nerve catheter.
Note. 1 — femoral artery, 2 — femoral nerve.

Fig. 4. Fixation of the catheter.
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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 

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 ± σ). 
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 I and II 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 

Table 1. Patient baseline

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 3.1±0.9 2.5±0.7

ASA I/II/III 5/20/11 3/23/13

Note. ASA — anesthetic assessment of the patient’s physical status.
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those in Group 1, with the preoperative baseline values 
being comparable between the groups (p=0.144). The 
results are presented in Table 3.

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)

Pain VAS at rest, score

6 h 1.5±0.4 1.3±0.2

12 h 1.3±0.3 1.2±0.3

24 h 1.4±0.5 1.5±0.4

48 h 1.4±0.4 1.6±0.3
Motion-evoked pain VAS, score

6 h 1.4±0.4 1.1±0.5

12 h 1.7±0.5 1.8±0.3

24 h 1.6±0.3 1.7±0.5

48 h 1.7±0.6 1.9±0.4

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

0 h 76±7.8 72±6.2
Postoperative

6 h 38±5.3 67±5.7*

12 h 43±6.7 71±4.6*

24 h 48±5.1 76±5.9*

48 h 47±5.8 75±5.6*

Note. * p <0.05.

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 

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 I 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 
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