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ABSTRACT

Arthroscopic knee joint surgery is becoming routine in modern orthopedics. Its advantages include minimal invasiveness,
lower infection risk, and early rehabilitation. Despite the minimized surgical trauma, the postoperative period after some
arthroscopic operations involving cruciate ligament surgery occurs with relatively severe pain syndrome. This warrants the
search for novel pain relief methods for patients that meet all modern trends. This review presents data from randomized
clinical studies and meta-analyses on the use of various anesthesias in arthroscopic cruciate ligament repair and discusses
methods of prolonged postoperative analgesia. The limited number of studies on this issue and lack of systematic
recommendations require prospective studies.
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AHHOTALMA

ApTpockonuyeckue onepaumn Ha KONEHHOM CycTaBe aKTUBHO BbIMOSIHAIOT B COBPEMEHHOW OpTONeAMyecKoit npakTuke. Mx
ABHbIMU NpenMyLLecTBaMn ABNAKTCA MaJIOMHBA3UBHOCTD, MEHbLLW pUCK VIHdJI/ILLVIpOBaHI/IFI U paHHAA pea6vm|/|Tame. He-
CMOTpPS Ha MMHUMW3WUPOBAHHYK0 OMepaLMOHHYI0 TPaBMy, NOCAE0NepaLMoHHbI NepUoL Nocsie HEKOTOPbIX apTPOCKONMYe-
CKWX OMnepauui, BKIKOYAIOLWMX NAACTUKY KPecTooOpasHbIX CBA30K, MPOTEKAET C JOCTAaTOYHO BbIPaXKEHHbIM D0ONEBbIM CUH-
ApOMoM. 370 06ycnoBMBaeT He06X0AUMOCTL NOMUCKA HOBbIX afleKBaTHBbIX, 0TBEYAILLMX BCEM COBPEMEHHBIM TEHAEHLMAM
MeTof0B 00e360/1MBaHNs NauueHToB. B 0630pe npeacTaBneHbl JaHHble PaHAOMU3MPOBAHHBIX KIIMHUYECKUX UCCNeL0Ba-
HWW W MeTaaHanu30B, NMOCBALLEHHBIX MCMOb30BaHWI0 Pa3NINYHLIX BapUaHTOB aHECTE3WUW NPW apTPOCKOMMYECKON NNacTu-
Ke KpecToobpa3HbiX CBA30K, pacCMOTPEHbI METOAbLI NPOANEHHOW NOcneonepaLmoHHON aHanresuu. HegoctatouHoe ymcno
UCCNeAoBaHuiA M OTCYTCTBUE CUCTEMATM3MPOBAHHBIX PEKOMEHAALMA TPebyloT NpoBeAeHUs NPOCNEKTUBHBIX UCCeA0BaHMIA
no 3ToMy BoOMpocy.
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BACKGROUND

Arthroscopic surgery is one of the most common
orthopedic techniques used in patients with disorders
of the medial knee joint compartment primarily due to
its low risk of complications and early rehabilitation.
More than 1 million knee arthroscopies are performed
worldwide each year [1]. According to Salzler et al. [2],
the complication rate in this type of intervention is 4.7%
for more than 90 thousand knee arthroscopies, with
the highest percentage of complications in posterior
(20%) and anterior cruciate ligament (9%) surgeries.
In other arthroscopies, the complication rate ranges
between 2.8 and 7.6%. Among the total pool, surgical
(0.77%) and infectious (0.84%) complications are the
most common, while anesthetic complications are the
rarest (0.22%) [2]. According to European studies, the
complication rate varies between 1% and 5% [3, 4].
The available evidence makes it clear that arthroscopic
cruciate ligament surgeries are the most technically
difficult, with a more complicated postoperative course.

Anesthetic support of patients during arthroscopic
surgeries is still a matter of discussion. Anesthesiologists
opt for beneficial strategies based on the patient’s
condition and the specific type of surgical intervention.
Such strategies can vary from general and neuraxial
anesthesia to conduction and even local anesthesia [5,
6]. First of all, the choice of method depends on the
treatment strategy. In recent decades, there have been
clear trends towards a shift from inpatient to outpatient
arthroscopic operations, which require anesthesia types
to discharge a patient on the same day without any
health risks [7].

In the context of postoperative pain management,
it is well established that peripheral nerve blocks, in
addition to standard multimodal analgesia, can reduce
opioid use and related complications, as well as total
postoperative complications. Unfortunately, this practice
is not universally followed, not only because of the need
for additional training of anesthesiologists in peripheral
nerve blocks but also due to the increasing technical and
financial burden on medical institutions.

AM

Our aim was to search for current methods of
perioperative analgesia for patients undergoing
arthroscopic cruciate ligament surgeries.

SEARCH METHODOLOGY

A search in databases and electronic libraries like
PubMed (MEDLINE), Google Scholar, eLibrary, and
Central Scientific Medical Library of Russia was carried
out for publications in Russian and English using the
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following keywords: “arthroscopy,” “knee arthroscopy,’
“arthroscopic cruciate ligament reconstruction,”
“anesthesia in arthroscopy,” “conduction anesthesia,”
and “peripheral nerve block”. A total of 305 publications
were identified, of which the following were included in
this review: meta-analyses (n=9), systematic reviews
(n=11), and randomized controlled studies (n=37). Case
reports, studies of anesthesia in pediatric patients,
studies with a small (<15 patients) sample size, and
abstracts were excluded.

DISCUSSION

Innervation of the knee joint

Afferent innervation of the knee joint is provided
by the articular branches of 2 groups of nerves. The
anterior group includes branches of the femoral,
saphenous, and common peroneal nerve. The capsule
and ligaments of the anteromedial and anterolateral
knee are innervated by articular branches arising
from the muscular branches, in particular nerves
innervating the vastus medialis and vastus lateralis
muscles, respectively. The anteromedial part of the
capsule is also innervated by the infrapatellar branch
of the saphenous nerve, while the anterolateral part
is innervated by the lateral articular and recurrent
peroneal nerves, which arise from the common
peroneal nerve. The posterior group of nerves includes
branches of the tibial (dorsal articular nerve) and
obturator nerves that innervate the posterior parts of
the joint capsule, including proprioceptive innervation
of soft tissue structures [8, 9].

Types of anesthesia for arthroscopic cruciate
ligament reconstruction

Taking into account modern requirements for early
rehabilitation of patients (preserved muscle tone of the
limbs, early mobilization, and appropriate analgesia to
perform graduated exercise), general (GA), neuraxial,
conduction, and even local anesthesia are actively used.
Each type of anesthesia is discussed in detail below.

With recent advances and minimization of the
side effects of anesthetics, GA is now widely used in
arthroscopic operations. No other type of anesthesia can
provide such safety, control, surgeon’s comfort, or early
mobilization and discharge of patients as GA. Back in 1997,
Dahl et al. [10] in their study that involved 91 patients
demonstrated that GA used for arthroscopy shortened
the “start anesthesia to ready for surgery” and “patient
in the operating room” times. The psychological comfort
of the patient, which can improve treatment outcomes,
is an unquestionable advantage of this procedure. In
2022, Wesam et al. [6] in their prospective study that
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included 121 patients confirmed that GA with short-
acting anesthetics provided greater patient satisfaction
and faster discharge from the clinic. Nevertheless, the
intraoperative use of opioids alone for analgesia and
postoperative pain management according to a standard
multimodal analgesia protocol (including non-steroidal
anti-inflammatory drugs, paracetamol, and opioids used
as needed) do not cover all the pain management needs
of patients, particularly in such traumatic surgeries as
arthroscopic cruciate ligament (ACL) reconstruction.
Prabhakar et al. [11] noted that this leads to an increased
need for opioids in the postoperative period, prolonged
hospitalization, adverse reactions (nausea, vomiting,
constipation, urinary retention, pruritus, depression of
consciousness, etc.), delayed functional recovery and
low patient satisfaction with the quality of treatment.

There are 2 types of neuraxial anesthesia: spinal (SA)
and epidural (EA). Previously, EA has been widely
used in arthroscopic surgeries because it meets all
anesthesia requirements for knee arthroscopies and
provides long-term postoperative pain relief. In 1993,
Parnass et al. [12] demonstrated this in the study that
included 260 patients who underwent arthroscopic knee
surgery, of which 79 patients had EA and 181 patients
had GA. The authors noted that pain was less frequent in
the EA group compared to the GA group (24.1 vs. 49.7%).
Similar changes were observed for postoperative nausea
and vomiting (8.9 vs. 32%, respectively). Despite the
minimal rate of serious complications, as demonstrated
by Kang et al. [13] (out of 5 083 cases with EA,
complications were recorded in 69 patients [1.36%]),
the use of EA for analgesia in modern practice is limited
by possible complications [14, 15], availability of safer
methods of peripheral nerve block and an increase in the
number of patients taking antiplatelet and anticoagulant
agents (including relatively young patients). Epidural
catheter placement can also prolong hospitalization; it
requires particular perioperative thromboprophylaxis (if
necessary), and leads to additional risks, including the
risk of infections.

The use of SA in domestic anesthesiology during
operations on the lower extremities has become a kind
of gold standard. Its technical simplicity, low cost,
versatility, and quick effect determine anesthesiologist’s
preference for SA [16]. Various options for the SA
technique have been proposed, for example, as in
Nair et al. [17] publication. In their review of
15 randomized clinical trials (1248 patients), the authors
found that unilateral SA using low-dose hyperbaric
bupivacaine led to the earliest discharge of patients
compared to higher doses or bilateral block. Some
authors propose to add adjuvants to SA. For example,
Demiraran et al. [18] suggested adding morphine,
and Merivirta et al. [19] suggested adding clonidine,
both with good results. Spinal headache, transient
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neurological syndrome [20], motor block, and severe
postoperative pain during block reversal overshadow
the use of SA in both outpatient and inpatient practice,
as well as reduce patient satisfaction with anesthesia
quality. Andrés-Cano et al. [21] studied complications
in the early postoperative period in 342 patients
who underwent ACL reconstruction under SA. The
authors demonstrated that pain not controlled by
analgesics was the most common complication (6.7%
of total complications). As with EA, antiplatelet and
anticoagulant therapy and infectious complications
should be taken into account when using SA.

With the development and increasing availability
of high-tech devices in the operating room, including
neurostimulation systems and ultrasound imaging
devices, conduction anesthesia is now of particular
interest. Special equipment makes it easier to find the
target nerve structures, reduces the rate of complications
associated with neural blocks, and simplifies training
of specialists in new methods of peripheral nerve
blocks. A well-executed block eliminates the need for
opioids and other pain medications during the early
postoperative period. For example, selective femoral
and sciatic nerve block in 402 patients (Zhang et al. [22])
provided excellent working environment for the surgeon,
as well as earlier spontaneous urination and more
efficient postoperative analgesia. Based on this, the
authors suggested using this block as an alternative to
unilateral SA. In their study, Montes et al. [23] arrived
at a similar conclusion. At the same time, as previously
stated, modern orthopedic practice requires the earliest
possible patient mobilization, which cannot be achieved
if an 8 to 12-hour nerve block is used. Peripheral nerve
blocks that spare motor function of the lower limb,
such as adductor canal block, genicular nerve block,
and tibial and peroneal block, do not provide optimal
surgical conditions, while the complex innervation of
the knee joint and variability of the anatomical origin of
nerves determine a high rate of unsuccessful peripheral
blocks, as reported in the meta-analyses conducted by
Vorobeichik et al. [24] and Sehmbi et al. [25].

The significant role of local infiltration analgesia (LIA)
in arthroscopic knee surgery is well established. In
low-traumatic arthroscopic operations, LIA performed
by the operating surgeon can reduce the operation
cost and speed up the intervention, with comparable
characteristics to other types of anesthesia, which
require an anesthesiologist. Yasir et al. [26] conducted
a retrospective analysis of 433 knee arthroscopies
under LIA and intra-articular anesthesia to assess
perioperative pain levels. The average VAS scores during
port placement and the procedure were 1.8 and 0.9,
respectively, without any complications associated with
LIA. Outpatient low-traumatic arthroscopic interventions
benefit from local anesthesia. However, cruciate
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ligament reconstruction is a more complex and traumatic
operation, which requires additional extra-articular
access and intervention on bone structures, so limiting
analgesia to only local infiltration with anesthetics does
not cover all the patient’s needs for intraoperative pain
relief. Due to the well-established local anesthetics’
toxicity toward chondrocytes, they cannot be used
intra-articularly in arthroscopic practice. In their study,
Noyes et al. [27] observed chondrolysis after intra-
articular pump infusion of bupivacaine (both 0.5% and
0.25% solution), with extensive knee joint chondrolysis.
Considering the above, it is clear that there is a
lack of systematic approach to choosing the type of
anesthesia for knee arthroscopy, in particular for
cruciate ligament arthroplasty. Anesthesiologists prefer
one type of anesthesia over another based on their
beliefs, capabilities, and a specific clinical situation.
It may be due to the heterogeneity of literature data
on specific types of anesthesia, which often require
further study [24, 28-30], as well as a lack of specific
recommendations in arthroscopic surgery [31].

Postoperative analgesia options

Currently, the generally accepted method of routine
postoperative pain relief is multimodal analgesia with
cyclooxygenase inhibitors, opioid analgesics, etc. [32].
Wunsch et al. [33] found that 79-82% of patients
undergoing various knee arthroscopies received opioids
postoperatively, which primarily indicates the highly
traumatic nature of ACL reconstruction surgery, as well
as the insufficient analgesic effect of other drugs used
for pain relief. To address this issue regional analgesia
techniques were introduced.

The peripheral nerve block, including femoral nerve
block (FNB), has long been considered the mainstay of
postoperative pain relief in ACL reconstruction [24]. It
is not unexpected since researchers, including Tetzlaff
et al. [34], demonstrated that the dermatomes of the
femoral nerve are primarily affected during major knee
surgeries. Current data regarding the effectiveness
of FNB in ACL repair are contradictory [35, 36]. For
example, studies of cumulative opioid consumption
in the first 24 hours after surgery in patients who
were additionally provided with FNB for postoperative
analgesia (Guirro et al. [37], Frost et al. [38] and
Matava et al. [39]; the latter two studies compared
FNB and LIA) did not show any significant differences
compared with the control group. On the contrary,
Peng et al. [40] and Williams et al. [41] reported a
statistically significant reduction in opioid consumption
with the addition of FNB. During the period of 24 to
48 hours after surgery, the same authors (Williams
and Frost) did not find a significant difference in opioid
consumption compared to the control group [38, 41].
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As for the severity of pain reported by the patients,
Guirro et al. [37], Matava et al. [39], and Peng et al. [40]
used VAS scores and reported no significant clinical
effect of FNB, with a notion by Peng [40] that the intensity
of pain at rest within 1 hour after surgery was lower in
the FNB group compared to the control group (4.0 vs.
5.6, respectively). There is also mention of a rebound
increase in pain after the FNB subsides compared to the
no-FNB group [42]. In contrast, Wulf et al. [43] claim
more effective postoperative pain relief compared to
placebo, but note persistent motor blockade within
4 hours after surgery, regardless of the local anesthetic
dose used, including 0.2% ropivacaine. A combination of
sciatic nerve block and FNB could cover the entire target
area of innervation and reduce opioid consumption but
would not provide early mobilization of patients and
rebound pain prevention [44].

Therefore, the review of the above studies does
not indicate any significant advantages of FNB in
patients undergoing ACL reconstruction [24]. The
effects of adding FNB range from no improvement in
pain relief [37] to modest benefits in terms of reduction
in opioid consumption [40, 41]. FNB combined with
LIA does not provide an additional analgesic effect,
although these techniques are effective if used
separately [38, 39]. These findings are consistent
with the results of other studies conducted in patients
undergoing knee arthroplasty [45]. Certain concerns
are related to possible weakness of the quadriceps
femoris muscle [46, 47], which may extend beyond the
early postoperative period, and neurological deficits
observed in 1.94% of cases [48].

The heterogeneity of results may be explained by
the use of different donor sites for tendon harvesting
(depending on surgeon preference and clinical
situation), as well as by the complex innervation of the
knee joint, which includes many articular and cutaneous
sensory nerves located in the capsule and overlying
tissues. Acute pain is usually related to the incision
site, the femorotibial tunnel and the graft site, which
is partially overlapped by the femoral nerve innervation
area, but with a hamstring graft, for example, it will
not be sufficient [49, 50].

In this context, the already mentioned LIA can
be considered as the method of choice defined as
surgeon-directed infiltration of subcutaneous fatty
tissue, periarticular tissues, and the donor zone
of the graft, extending to the terminal articular
branches of the sciatic, femoral and obturator
nerves [51, 52]. Unlike knee arthroplasty, where the
injection sites and the drug used for LIA are clearly
defined [53], the infiltration zone in knee arthroscopy
is not standardized since this technique is relatively
new. Despite this, a systematic review that included
11 randomized clinical trials (Yung et al. [54])
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demonstrated satisfactory clinical results after LIA:
a decrease in the total consumption of analgesics,
the need for additional analgesia, and better control
of postoperative pain within 24 hours. However, in
most of the studies included in the meta-analysis
by Yung et al., the researchers also performed an
intra-articular injection of a local anesthetic without
monitoring long-term functional outcomes, which,
considering possible chondrotoxicity, renders such
practice doubtful in modern orthopedics [27]. The use
of LIA without an intra-articular anesthetic injection
is discussed by Abdallah et al. [55]. In their study,
they intraoperatively combined GA with LIA and
postoperatively with multimodal opioid-free analgesia
(strong recommendation, moderate level of evidence,
the Society for Ambulatory Anesthesia of Canada).

It does not depend on the type of graft whether a
local anesthetic can be used or not, which allows for
a more selective analgesic effect depending on the
clinical situation. An undoubted advantage is that LIA
is not associated with weakness of the quadriceps
femoris muscle. Thus, we can conclude that this
technique is an excellent option for postoperative
analgesia, minimizing the potential complications
of anesthetics. However, local anesthetic infiltration
points shall be standardized to prevent poor-quality
procedure.

The adductor canal block (ACB) is a predominantly
sensory block that targets the distal branches of the
femoral nerve (particularly the saphenous nerve).
Depending on the area, a different effect can be
achieved: the higher the block, the more likely the
nerve innervating the vastus medialis muscle will be
blocked, which will not only block the terminal articular
branches of this nerve but also cause a motor block
of the quadriceps muscle. When a block is made in
the lower third of the thigh, only the saphenous nerve
is blocked, which makes it different from the femoral
nerve block [28, 56].

This block has been reported to be effective after ACL
reconstruction, with analgesia similar to that of FNB
but without muscle weakness [57]. El Ahl et al. [28]
obtained additional data on the analgesic component
after comparing FNB and ACB in 128 patients
undergoing ACL repair. The authors found that the
ACB group had significantly higher VAS pain intensity
scores (at 18 and 24 hours) and higher postoperative
opioid consumption. Similar data on muscle weakness
in the lower extremities were obtained in a study by
Chisholm et al. [57].

The previously mentioned Society for Ambulatory
Anesthesia of Canada summarized that ACB can be used
in ambulatory patients undergoing ACL reconstruction
in combination with multimodal analgesia due to less
muscle weakness; however, the Society noted that the
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level of evidence for this recommendation is weak [55].
As mentioned above, the rationale for this approach is
related to the complex innervation of the knee joint.
Stebler et al. [58] went further by comparing ACB
and LIA in 52 patients undergoing ACL reconstruction
and found no differences in postoperative opioid
consumption, VAS pain intensity at rest and movement,
muscle weakness of the lower extremity, and the effect
of techniques on early and late functional outcomes.
A positive effect of the combined use of both methods
on intra- and postoperative opioid consumption is
reported by Xie et al. [59], with few limitations related
to the objective control of the ACB effect and a limited
sample size.

CONCLUSION

Compliance with the ERAS (Enhanced Recovery
After Surgery) strategy, including sufficient and
high-quality postoperative analgesia, is the key to
success in outpatient and inpatient treatment of
cruciate ligament disorders. Based on the obtained
data, there are currently no gold standard or clear
recommendations for the perioperative management of
patients undergoing ACL reconstruction. The findings
suggest that multimodal systemic analgesia is not
sufficient to cover all postoperative pain management
needs of patients. Considering the current information
on the subject under discussion, the most adequate
intraoperative method of anesthesia/analgesia for
ACL reconstruction seems to be the combined GA that
allows early patient mobilization. To provide better
intra- and postoperative pain relief, peripheral nerve
blocks should be additionally used. It is important to
choose an appropriate method of the peripheral nerve
block for the specific type of surgery and the nature of
the graft. It seems advisable to the authors to reserve
the technique of combined femoral and sciatic nerve
block for exceptional clinical cases when GA cannot
be performed. Despite the conflicting data, the authors
agree that it is logical to perform peripheral nerve
blocks as distally as possible. A combination of ACB
and LIA seems a promising method of postoperative
pain relief; however, inconsistent and limited data
necessitate further research on this method.
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