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Abstract: Posterior knee pain after total knee arthroplasty (TKA) is common despite
multimodal analgesia and regional anesthesia use. This review included randomized con-
trolled trials (RCTs) comparing analgesic outcomes after inclusion of local anesthetic
infiltration between the popliteal artery and capsule of the knee (iPACK) block versus
pathways without iPACK. Electronic databases (MEDLINE, Cochrane Library, Web of
Science, Scopus) were searched from inception to 10/11/2020. Eligible studies evaluated
iPACK use on primary outcomes: opioid consumption and pain scores with movement.
Secondary outcomes included rest pain, patient satisfaction, length of stay (LOS), gait
distance, knee range of motion (ROM), and complications. Bias and quality were appraised
using the Cochrane Risk of Bias tool and Grading of Recommendations, Assessment,
Development, and Evaluations (GRADE) guidelines. Eight RCTs (777 patients) were
included. iPACK block use demonstrated similar opioid consumption in the PACU (4/7
RCTs) and 24 hours after TKA (5/7 RCTs) compared to without iPACK (moderate-quality
GRADE evidence). Additionally, iPACK block use demonstrated lower movement pain
scores in PACU (3/5 RCTs) but similar or higher pain scores after 24 hours (5/7 RCTs; low-
quality GRADE evidence). Studies consistently reported no difference in gait distance (4/4
RCTs) or complications (7/7 RCTs) between treatment arms (high-quality GRADE evi-
dence), although differing effect estimates were observed with resting pain, satisfaction,
LOS, and knee ROM. This review provides a foundation of knowledge on iPACK efficacy.
While evidence does not currently support widespread inclusion of iPACK within enhanced
recovery pathways for TKA, limitations suggest further study is warranted.

Keywords: regional anesthesia, analgesia, total knee arthroplasty, pain, treatment outcome,
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Introduction

Total knee arthroplasty (TKA) is the most common surgical procedure in the United
States and is predicted to reach 3.48 million surgeries annually by 2030." There is
concern that extreme knee pain immediately post-surgery has been reported in
approximately half of TKA patients.>* Optimal postoperative knee analgesia is
not only important for patient comfort and satisfaction but also essential for
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accelerating mobilization, functional recovery, and hospi-
tal discharge.” There is an increasing emphasis on multi-
modal analgesia and motor-sparing regional anesthetic
blocks to facilitate earlier ambulation and provide superior
pain control as we strive for shorter hospital stays and
same-day discharges for patients.

Randomized controlled trials (RCTs) and meta-
analyses have considered a combination of femoral and
sciatic nerve blockade for analgesia for TKA, although
these more proximal blocks are associated with prolonged
motor weakness and delayed ambulation.” Surgeon-
administered periarticular injections (PAI) may be motor-
sparing, but may also provide incomplete analgesia.® The
adductor canal block (ACB) can spare quadriceps muscle
strength; however, due to its predominantly anteromedial
coverage of the peri-patellar and intra-articular aspects of
the knee, ACB fails to alleviate posterior knee pain which
may be severe in intensity.” '

Ultrasound-guided infiltration of local anesthetic in the
interspace between the popliteal artery and posterior capsule
of the knee (iPACK) is a novel regional anesthetic modality
for posterior knee analgesia. The iPACK block targets the
medial and lateral genicular nerves, and other articular
branches innervating the posterior aspect of the knee joint
which in theory has less motor and sensory blockade below
the knee than the more proximal sciatic nerve block.'* '
Despite an increasing number of recent clinical trials on the
iPACK block, there have been few efforts to systematically
synthesize the efficacy of the iPACK block.

The aim of this systematic review was to examine and
summarize all available RCTs on the use of the iPACK
block in patients undergoing TKA, focusing on compar-
isons of analgesic outcomes and functional recovery with
other regional anesthetic modalities. We hypothesized that
compared to those not receiving an iPACK block as an
adjunct, patients receiving an iPACK block would report
lower pain scores, consume fewer opioids, achieve
improved ambulation, and report superior satisfaction
with analgesia in the postoperative period with a similar
incidence of adverse events.

Materials and Methods

Search Strategy

The study protocol was registered under the PROSPERO
International prospective registry of systematic reviews.'
We adhered to the Preferred Reporting Items for
Reviews (PRISMA)

Systematic and Meta-Analysis

guidelines.'® We searched articles identified from various
electronic databases, including PubMed (1966-October
2020), Cochrane Central Register of Controlled Trials
databases (1993-October 2020), Web of Science (1980-
October 2020), Scopus (1996-October 2020), and also
hand-searched reference lists of identified publications.
Broad MeSH terms and Boolean operators were selected
for each database search, including terms and synonyms
for iPACK, nerve block, total knee arthroplasty, analgesia,
pain, opioid consumption, patient satisfaction, and length
of stay. This search strategy was verified by a librarian
experienced in systematic review methods and is displayed
in the Supplemental File.

Study Selection
Inclusion criteria encompassed: RCTs that compared
patients undergoing TKA who received an iPACK block
and control patients who received another peripheral nerve
block or PAI (without iPACK); and studies that measured
a primary or secondary outcome of pain score or post-
operative opioid consumption. While the PAI block
involves surgeon-delivered infiltration into the posterior
capsule of the knee, it also involves infiltration into the
lateral femoral periosteum, medial femoral periosteum,
and within the knee capsule and skin.'” The diffuse infil-
tration technique of the PAI is considered as a distinct
intra-articular block compared to the more directed and
ultrasound-guided iPACK peripheral nerve block.
Exclusion criteria comprised of: non-peer reviewed
publications, certain study designs (ie observational stu-
dies, non-randomized controlled trials, case reports, case
series, review articles, letters to the editor), and non-
human trials. Two authors (RSD and BL) independently
selected abstracts as well as full-text articles from the
above listed databases using the aforementioned search
third author (RLJ) adjudicated

strategies, and a

discrepancies.

Data Extraction

The following data were extracted: (1) demographic data
of participants; (2) type of hospital setting (eg academic,
community hospital); (3) local anesthetic dosage in
iPACK and other utilized lower extremity peripheral
nerve blocks; (4) location of iPACK block (proximal or
distal) and (5) clinical outcomes of interest. The dual
primary outcomes of interest were total opioid consump-
tion in oral morphine equivalents (OMEs) in the post-
anesthesia care unit (PACU) and up to 24 hours
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postoperatively, and patient-reported pain score with
movement up to 24 hours postoperatively. Secondary
clinical outcomes of interest included patient-reported
pain score at rest, patient satisfaction with analgesia,
hospital length of stay, gait distance, knee range of
motion (ROM), and complications (allergic reactions,
nerve injury, nausea/vomiting, and respiratory depres-
sion). For each included study, two reviewers (RSD and
BL) extracted all relevant data independently, and any
disagreement was resolved by a third reviewer (RLJ).

Assessment of Risk of Bias

The quality of studies was independently evaluated by two
reviewers (RSD and BL) utilizing guidelines from the
Cochrane Collaboration'® for randomized controlled trials.
Disagreements were adjudicated by a third author (RLJ).
Biases were assessed in the following domains for RCTs
only: random sequence generation, allocation conceal-
ment, blinding of participants and personnel, blinding of
outcome assessment, attrition bias due to missing data,
reporting bias, and other biases (eg departures from
intended interventions, cross-contamination, confounding
factors). Each domain was assigned a grade of low risk,
high risk, or unclear risk.

Assessment of Quality of Evidence
Utilizing the GRADEpro software (http://gradepro.org)
and following the

Grading of Recommendations,
Assessment, Development, and Evaluation (GRADE)
quality assessment criteria,'” two reviewers (RSD and
BL) independently assessed the level of evidence for
each outcome across all included studies (high, moderate,
low, or very low). RCTs are categorized as high-level
evidence, although level of evidence can be downgraded
because of deficiencies in domains of risk of bias,20
inconsistency,?' indirectness,?* imprecision,*® and publica-
tion bias.>*

Data Analysis

Given the substantial clinical heterogeneity of included
RCTs, we deemed a meta-analysis to be inappropriate.
Instead, we present a qualitative synthesis of the findings
from included RCTs for primary and secondary outcomes
of interest. The dependence assumption was not violated
as observations within each study were independent of
each other.

Results

Search Results

The search strategy identified 2180 unique citations. After
independent and duplicate screening by two authors (RSD
and BL), eight RCTs'*?>! were identified that fulfilled
eligibility criteria. Collectively, these eight RCTs consisted
of 777 patients (377 patients received the iPACK block;
400 patients in the control cohort received another mod-
ality of peripheral nerve blockade or PAI for knee analge-
sia). Figure 1 displays the PRISMA flow diagram of the
study selection and inclusion process.

Risk of Bias and Quality Assessment

A summary of findings table with GRADE quality of evidence
for each outcome and reason for quality assignment is pre-
sented in Table 1. Bias assessment for all included studies is

summarized in Figure 2. All eight RCTs'**7!

generally
demonstrated a low risk of bias in random sequence generation
and allocation concealment, blinding of outcome assessment,
incomplete outcome data, and selective reporting. In terms of
blinding of participants, some RCTs'**% displayed a high
risk for bias because although they blinded all surgeons,
recovery room and floor nurses, research assistants, statisti-
cians, and patients, it was impossible to blind the anesthesiol-
ogist performing the ultrasound-guided iPACK block who
may have participated in the study. Furthermore in one
study,'® operating room nurses provided the local anesthetic
medication to the anesthesiologist based on the type of regio-
nal block and thus were also not blinded. Other sources of bias
included no true control group without a posterior knee block,
and unequal dose of local anesthetic between study arms.

Study Group Characteristics

Table 2 presents the description of study characteristics.
Exposure variables were heterogeneous across studies.
Three RCTs?**® compared iPACK block plus ACB versus
ACB alone (with or without sham iPACK), two RCTs**!
compared iPACK block plus ACB plus PAI versus ACB plus
PAI plus sham iPACK, while other studies each compared
unique combinations of peripheral nerve block or PAI block.

13,25,28,29,31

For the primary anesthetic, five studies adminis-

26.27 either adminis-

tered neuraxial anesthesia, two studies
tered general anesthesia or neuraxial anesthesia per the
discretion of the primary anesthesia team, and one study
administered general anesthesia only.>® All RCTs excluded
patients who had a history of chronic pain or utilized pre-

. - Lo 13,25-31
operative opioids.'**>
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through other sources (n = 0)

Records did not meet
inclusion criteria

Full-text articles
excluded (n = 22)
9 studies: observational

6 studies: local anesthetic
infiltration into posterior
capsule by surgeon

5 studies: not a clinical trial
1 study: RCT protocol

1 study: abstract only

Figure | Flow chart of the study selection and inclusion process.

Technique and Local Anesthetic Regimen
Three RCTs'*?%?% performed a proximal iPACK injection
(distal femoral shaft), four RCTs?”**! performed a distal
iPACK injection (femoral condyle), while one RCT
(Kampitak et al)*> performed both variations. Local anes-
thetic dosing regimen for iPACK blocks varied widely
with three different types of local anesthetic medications
utilized in included studies (ropivacaine, bupivacaine, and

23262931 included  epi-

levobupivacaine). Five studies
nephrine in the local anesthetic solution for the iPACK
block. The most common formulation for iPACK was
0.25% levobupivacaine with epinephrine.”>**>! Volume
of injectate ranged from 20 mL to 25 mL, with the most

common being 20 mL in seven studies.” "

Primary Outcome #|: Postoperative
Opioid Consumption

Data on postoperative opioid consumption either in the
PACU or on postoperative day (POD) #0 were reported

in seven RCTs!32°727:2931

comprising a total of 606
patients (Table 3). Compared to controls, patients who
received an iPACK block consumed less opioid in the
PACU or POD #0 in two'>*° of seven studies, consumed
more opioid in one*’ of seven studies, while the remaining

studies” 27! demonstrated no significant differences.

=

9 Records identified through Additional records identified
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=
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% | 1 ]

— Records after duplicates removed (n = 2,180)
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E 4

B Studies included

E in analysis (n = 8)

Data on postoperative opioid consumption on POD #1
or 24-hour opioid consumption were available in seven
RCTs'325272931 comprising a total of 606 patients (Table
3). Compared to controls, patients who received an iPACK
block consumed less opioid on POD #1 or in a 24-hour
period in one®® of seven studies, consumed more opioid in

> the

one of while
- 13,25-27,31 o .
studies demonstrated no significant differences.

seven  studies, remaining
Tak and colleagues®® analyzed cumulative OME at the
time of discharge only (time not specified) and reported
that the mean cumulative OME was higher in patients who
received an iPACK+ACB block versus control patients
receiving cACB.

Given the heterogeneity in study arm treatments, mean-
ingful comparisons are limited. However, three RCTs*¢ 2
had similar study arm comparisons involving iPACK
+ACB versus ACB only. In these RCTs, there was either
no difference in postoperative OME consumption between
study arms,”®?’ or higher postoperative OME consump-

tion in the iPACK+ACB arm.?®

Primary Outcome #2: Postoperative Pain

Score with Movement
Patient report of postoperative pain with movement either
in the PACU or on POD #0 were reported in five
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Table 1 GRADE Summary of Findings Table

Patient or Population: Postoperative Analgesia in Total Knee Arthroplasty Patients
Intervention: iPACK Cohort
Comparison: Control Cohort

consumption

Outcomes Number of Certainty of the Evidence Summary of Outcomes
Participants (GRADE)
(Studies) Follow Up
Postoperative 777 (8 RCTs) ®®®(O MODERATE **¢ In the PACU/POD#0, iPACK arm had less opioid in 2/7 RCTs,
opioid more opioid in 1/7 RCTs, and no difference of opioid in 4/7 RCTs.

On POD#1, iPACK arm has less opioid in |/7 RCTs, more opioid in
1/7 RCTs, and no different of opioid in 5/7 RCTs.

Postoperative
pain score with

658 (7 RCTs)

o Ye) O O LOW a,b,c,d

In the PACU/POD#0, iPACK arm had lower movement pain scores
in 3/5 RCTs, while 2/5 RCTs showed no difference. On POD#I,

Pain Score at
Rest

movement iPACK arm had lower movement pain scores in 2/7 RCTs, higher
movement pain scores in 2/7 RCTs, and no difference in movement
pain scores in 3/7 RCTs.

Postoperative 777 (8 RCTs) odOQO Low *Ped In the PACU/POD#0, iPACK arm had lower rest pain score in 3/6

RCTs, higher rest pain score in 1/6 RCTs, and no difference in rest
pain score in 2/6 RCTs compared to control. On POD#1, iPACK
arm had lower rest pain score in 2/8 RCTs, higher rest pain score in
2/8 RCTs, and no difference in rest pain score in 4/8 RCTs.

Hospital Length 353 (4 RCTs) OODD HIGH *P No difference in hospital length of stay was reported in 3/4 RCTs.

of Stay In Kampitak et al, the distal iPACK group had lower length of stay
compared to control.

Gait Distance 374 (4 RCTs) OODO HIGH ** No difference in gait distance was reported in 4/4 RCTs.

Knee Range of

332 (4 RCTs)

®®®d(O MODERATE *b¢

No difference in knee ROM was reported in 3/4 RCTs. Compared to

Satisfaction

Motion the control, knee flexion was decreased on POD#0 and extension was
decreased on POD#]I in the iPACK arm in 1/4 RCTs.
Patient 303 (3 RCTs) O®®(O MODERATE **f No difference in patient satisfaction was reported between study

arms in 2/3 RCTs. In one RCT, patient satisfaction was increased in
the PACU and on POD#1.

Notes: GRADE Working Group grades of evidence. High certainty: We are very confident that the true effect lies close to that of the estimate of the effect. Moderate
certainty: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility that it is substantially
different. Low certainty: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect. Very low certainty: We
have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect. Explanations: *In some RCTs,
anesthesiologist (involved in study) was not blinded to study arms. ®Other sources of bias included no true control group without a posterior knee block, unequal dose
of local anesthetic between study arms, inclusion of chronic pain patients in some studies, and heterogeneity in injection location of iPACK. “Some studies showed outcomes
favoring iPACK, some studies showed no association, and some studies showed worse outcomes from iPACK. 9Effect estimates and direction of association between
treatment arms were widely variable among included RCTs for the specified outcome. “One study showed outcome not favoring iPACK, while other studies showed no

association. ‘One study showed outcome favoring iPACK, while other studies showed no association.

RCTs!3-26:29731 of 389 patients
(Table 4). Compared to controls, patients who received

comprising a total

an iPACK block reported lower pain scores with move-
ment in the PACU or on POD #0 in three'**%>! of five
studies, while the remaining studies”**° demonstrated no
significant differences.

Patient report of postoperative pain with movement either
on POD #1 or after a 24-hour period were available in seven
RCTs'">#>2%2%31 comprising a total of 658 patients (Table 4).

Compared to controls, patients who received an iPACK block

reported lower pain scores with movement on POD #1 or in

1331 of seven studies, reported higher

25,28

a 24-hour period in two
pain scores with movement in two>° of seven studies, while
the remaining studies”®**>*° demonstrated no significant dif-
ferences. Of note, while Vichainarong et al*' reported lower
pain scores with movement favoring the iPACK arm in the
PACU and on POD#1, they deemed the statistical difference

as not being clinically significant.
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Tak 2020
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® O S DS @ ®| @ clindingof outcome assessment (detection bias)

® OO O S S S| @ Incomplete outcome data (attrition bias)

. . . 0 . . =) . Selective reporting (reporting bias)
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Vichainarong 2020

Figure 2 Risk of bias summary for randomized controlled trials.

Secondary Outcome Measures
The Supplemental File presents a summary of secondary

outcome measures. Inconsistency of the findings and dif-
fering estimates of the treatment effect were observed
across several outcomes including pain at rest, patient
satisfaction, hospital length of stay, and knee ROM.
Consistency of the study findings was observed in gait
distance, which demonstrated no significant associations
between treatment arms. There were no significant differ-
ences in any adverse event. The power of included studies
was insufficient to draw meaningful data and conclusions
for adverse events. Kampitak and colleagues™ identified
no difference in duration of peroneal nerve blockade
between study arms (tibial nerve block versus proximal
iPACK block versus distal iPACK block). They identified
greater duration of tibial nerve blockade in the tibial nerve
block arm versus the proximal iPACK arm, but no differ-

ence when compared to the distal iPACK arm.>

Discussion

Main Findings from Qualitative Synthesis

This systematic review examined the potential added
analgesic benefit for inclusion of iPACK block follow-
ing primary TKA. Our analysis revealed that patients
who received an iPACK block with a peripheral nerve
block generally had similar postoperative opioid con-
sumption in the PACU and up to 24 hours postopera-
tively after TKA compared to those who did not
receive an iPACK block (moderate-quality GRADE
evidence). When analyzing RCTs with similar study
arms, the comparison of iPACK+ACB versus ACB
did not reveal any difference in postoperative OME
consumption between study arms, and surprisingly,
one study reported a higher, albeit not clinically sig-
nificant, postoperative OME consumption in the iPACK
+ACB arm.”®
eligible studies reported no difference in patient satis-
faction, hospital LOS, gait distance, and knee ROM.
Widely differing estimates of treatment effect were

Congruent with this, the majority of

observed for pain scores with movement. While the
majority of eligible RCTs reported an improvement in
pain with movement in the PACU or on POD#0, most
eligible studies failed to show any difference on
POD#1 (low-quality GRADE evidence).

Does the Addition of iPACK Block
Benefit Patients Undergoing TKA
Compared to Current Enhanced

Recovery Pathways?

Enhanced recovery after Surgery (ERAS) pathways have
established that regional anesthesia, specifically neuraxial
anesthesia, are integral modalities to decrease opioid expo-
sure and improve analgesic outcomes perioperatively.**?
While our qualitative synthesis of the included RCTs is
constrained by the limitations discussed below, the findings
were unexpected as studies have often demonstrated the
need for posterior knee coverage after TKA. Even after
patients receive a successful femoral nerve block, 60-90%
require further treatment for postoperative knee pain, pre-
sumably due to inadequate coverage.>*>° Although prior
RCTs*" " have demonstrated that the addition of sciatic
nerve blockade to femoral nerve blockade decreased pain
scores and postoperative opioid requirements, the profound
lower extremity paralysis makes this combination unfavor-
able to both early mobilization and postoperative neurologic
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Table 3 Summary of Postoperative Opioid Consumption in First 24 Hours

Study Summary of Result

Studies with Significant Association Favoring iPACK

Kim 2019"3 Patients receiving iPACK+ACB+mPAI had lower mean OME in PACU compared to control arm receiving PAIl only (control
27.7%21.7 mg, iPACK 14.9£19.4 mg, p=0.005), but no differences of cumulative opioid consumption from 0-24 hours
Li 2020%° Patients receiving iPACK+ACB+PAI had lower mean OME in the first 24 hours compared to the control arm receiving ACB

+PAl (control 16.00+7.82, iPACK 10.8+8.77, p<0.001)

Studies with Significant Association Not Favoring iPACK

Kertkiatkachorn Median cumulative IVME was higher in patients receiving iPACK+ACB+cACB compared to patients receiving cACB+PAI at
2020%° 12 hours (0 [0-2] mg vs 0 [0-0] mg, p=0.004) and 24 hours postoperatively (2 [0—4] mg vs 0 [0-0] mg, p=0.002)
Tak 2020 Mean cumulative OME at time of discharge was higher in patients receiving iPACK+ACB (31.110£5.649) as well as patients

receiving ACB only (33.520+7.052) compared to patients receiving cACB only (30.110+5.257, p=0.011)

Studies with No Significant Association

Kampitak 2020%

Median cumulative IVME was 2(2-2) for tibial group, 2(0-2) mg for proximal iPACK group, and 2(2-2) mg for distal iPACK
group at both 12 hours and 24 hours postoperatively. No significant difference was detected for both comparisons

Patterson 2020%°

90 [60-128] mg, p=0.7456)

There were no significant differences in median cumulative OME between the iPACK+cACB arm and control arm (cACB
only) in PACU (control 23 [0-38] mg, iPACK 23 [15-29] mg, p=0.7928) and up to 24 hours (control 79 [58—123] mg, iPACK

Ochroch 20207

iPACK 15[7.5-30], p=0.37)

There were no significant differences in mean cumulative OME between iPACK+cACB arm and control arm (cACB only) at
0-12 hours (control 30[15-45] mg, iPACK 30[15-45] mg, p=0.59) and at 12-24 hours postoperatively (control 15[7.5-30],

Vichainarong
2020°'
£1.3, p=0.08)

There were no significant differences in mean cumulative IVME between iPACK+cACB+PAI arm and control arm (cACB
+PAl) at 12 hours (control 0.4+1 mg, iPACK 0.1£0.5 mg, p=0.11) and 24 hours postoperative (control 1.3+1.9, iPACK 0.6

Notes: Postoperative opioid consumption in PACU and up to 24 hours postoperatively are documented and presented in the table. When reported and available in study,
mean (+standard deviation) and median (25%—75%ile interquartile range) were provided.

Abbreviations: IVME, IV morphine equivalents; OME, oral morphine equivalents; NRS, numerical rating scale; POD, postoperative day; FNC, femoral nerve catheter; ACB,
adductor canal block; cACB, continuous adductor canal block; mPAI, modified arthroplasty block.

surveillance. The introduction of the iPACK block in com-
bination with an ACB has been speculated to be an effective
pain control combination that also minimizes the potential
for muscle weakness. However, results of this review fail to
support the benefit of adding an iPACK block for the
purposes of opioid-sparing analgesia. The authors acknowl-
edge that confounders within the studies included in this
review must be taken into account, such as flaws in study
design or execution of other treatments that may provide for
posterior knee coverage such as sciatic blocks or PAI in
some of the experimental arms.'** When assessing only
RCTs with treatment arms comparing iPACK+ACB vs PAI
+ACB, two RCTs**?!' reported no clinically significant
difference in opioid consumption or pain scores with move-
ment. While this may indicate that PAI targets similar
nerves that overlap with the iPACK coverage, additional
objective studies, such as cadaver studies comparing injec-
tate spread, are warranted.

26-2931 of six studies that either did not

reveal an association or revealed higher postoperative OME

Interestingly, five

in the iPACK cohort contained a control arm that delivered
cACB. A similar observation was also noted in the variable

262829 of four studies

of pain with movement, where three
either reported no difference or worse pain scores in the
iPACK arm containing a control arm that delivered cACB.
This may reflect a component of continuous local anesthetic
spread from the adductor canal to the genicular branches of
the posterior obturator nerve as well as the popliteal plexus,
which has been demonstrated in cadaveric studies*' and in
patients undergoing TKA.** This spread would potentially
negate the benefit of the iPACK block for posterior compart-
ment analgesia. We also noted that Tak and colleagues®®
reported a higher cumulative OME in patients who received
an iPACK+ACB block versus control patients who received
cACB at discharge only (time not specified); this outcome
may be due to the limited duration of both single-injection
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Table 4 Summary of Findings for Assessment of Postoperative Pain Score with Movement in First 24 Hours

Study

Summary of Result

Studies with Significant Association Favoring iPACK

Kim 2019"3 Mean NRS pain scores with ambulation were significantly lower in the iPACK+ACB+mPAI group than control group (PAI
only) on PODO (control 5.2+2.1, iPACK 1.7%1.6, p<0.001) and POD|1 (control 5.0£1.7, iPACK |.7£1.4, p<0.001)
Li 2020%° Mean VAS pain scores with activity were significantly lower in the iPACK+ACB+PAI arm than the control group (ACB+PAI)

at 12 hours postoperatively (control 5.52+0.86, iPACK 5.23+0.98, p=0.002), but there was no difference at 24 hours
postoperative (control 4.96+0.78, iPACK 4.78%1.02, p=0.312)

Vichainarong
2020*'

Mean NRS pain scores with movement were significantly lower in the iPACK+cACB+PAI than the control group (PAI+cACB)
in the PACU (control 0£0, iPACK 0.1+0.1, p=0.01) and at 24 hours postoperatively (control 2.2+0.3, iPACK 2.1+0.3,

p=0.001); however, the authors deemed this statistical difference as not being clinically significant

Studies with Significant Association Not Favoring iPACK

Kampitak 2020%°

NRS pain scores with movement were significantly higher in the proximal iPACK group than in the tibial nerve block group

and distal iPACK group (p=0.001) at 24 hours postoperatively

Tak 2020%

Mean VAS pain scores after ambulation were significantly higher in the iPACK+ACB arm (4.536+0.503) and ACB arm (5.845
+0.790) compared to the cACB arm (3.702+0.597, p<0.001) at PODI and 2

Studies Showing n

o Difference

Kertkiatkachorn
2020%°

There was no difference in mean anterior knee and posterior knee VAS pain scores with movement between patients
receiving iPACK+ACB+cACB versus control patients receiving PAI+cACB in the PACU, at |2 hours, and 24 hours

postoperatively

Patterson 2020%¢

There was no difference in median VAS pain score with movement/physical therapy between patients receiving iPACK+cACB
and control patients receiving cACB only in the PACU (Control 5[3-7], iPACK 4[2-6], p=0.2080) and on PODI (Control 5

[4-7], iPACK 5[1-7], p=0.1488)

Notes: Postoperative pain scores with movement in PACU and up to 24 hours are documented and presented in the table. When reported and available in study, mean

(xstandard deviation) and

median (25%—-75%ile interquartile range) were provided.

Abbreviations: NRS, numerical rating scale; VAS, visual analog scale; POD, postoperative day; POD, postoperative day; FNC, femoral nerve catheter; ACB, adductor canal
block; cACB, continuous adductor canal block; mPAIl, modified arthroplasty block.

iPACK and single-
provided by a continuous ACB catheter.**

Although not linked to reductions in the outcomes of
opioid consumption and pain scores with movement in
most of the evaluated studies, it is still plausible that
iPACK block use provides advantages not thoroughly

explored in the

injection ACB versus extended duration  recovery pathway discussions. An iPACK block may be
challenging to perform in the postoperative setting, when
the knee joint can be covered with dressings that limit
access or surgeon preference to avoid violation of the
operated knee joint is recognized. In this scenario,
a popliteal plexus block may serve as a suitable rescue

existing TKA literature. The iPACK  regional block as described by Runge and colleagues.*’

block has the ability to anesthetize articular nerves that

transmit posterior
motor fibers. Thi

demonstrating local anesthetic spread throughout the
popliteal fossa, but without localization to the proximal
segment of the sciatic nerve.** Further, it is unknown if
iPACK block may be an advantageous addition for
patients with expected higher postoperative pain intensity
and analgesic requirements.

The need for a feasible postoperative rescue block for
posterior knee pain after TKA is commonly brought up in

Which iPACK Block Technique is

Preferable?
Two iPACK block locations have been described in eligi-

knee pain while limiting blockade of

s is consistent with cadaveric studies

ble studies: proximal (injecting at the distal femoral shaft
approximately one to two fingerbreadths above the patellar
base)* and distal (injecting at the upper area of the
femoral condyle).***” A cadaveric study'? comparing the
two approaches demonstrated that the proximal approach
promoted greater anteromedial dye spread, whereas the
distal approach had more anterolateral spread. The
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proximal approach would more consistently involve the
superior medial genicular nerve, while the distal approach
would more consistently involve the superior lateral geni-
cular nerve as well as the anterior branch of the common
fibular nerve.'

Of the included RCTs, only one directly compared
outcomes based on needle site entry.”> Kampitak and
colleagues® observed that patients who received the distal
iPACK block reported improved preservation of motor
function compared to those receiving proximal iPACK
and tibial blocks. Furthermore, posterior knee pain scores
were similar in the distal iPACK and tibial nerve groups,
but significantly worse in the proximal iPACK group.
Although cadaveric studies have reported that the proxi-
mal iPACK injection site may be favorable due to
a decreased risk of inadvertent intra-articular injection,**
this was not reported by Kampitak and colleagues. Among
the remaining included RCTs, approximately half per-
formed the proximal approach and half performed the
distal approach, making meaningful comparisons unable
to be performed. There is a need for comparative studies
based on iPACK block location.

What are Potential Adverse Effects from
the iPACK Block?

There were no significant differences in any adverse
events, including allergic reactions, nerve injury, nausea/
vomiting, and respiratory depression between study arms.
Admittedly, the limited sample size of this review would
not allow for certainty for such low-frequency complica-
tions. The proximity of the popliteal artery and its per-
forator branches introduces the risk of intravascular
injection. The potential for local anesthetic systemic toxi-
city (LAST) exists in any regional technique. The dose of
bupivacaine in the interventional arm in one included
study'® and the dose of ropivacaine in the intervention
arm in another study’® exceeded many published safe
dosing ranges for local anesthetics.*®** Future studies
should maintain conservative dosing strategies as LAST
events, although rare, are challenging to detect in small

study populations.*®*°

Limitations

This review is limited by the quantity and quality of
available evidence. Sample sizes were small across
included studies, although this would not be atypical of
trials performed to evaluate novel regional anesthesia

techniques. There was considerable heterogeneity among
the included studies in terms of exposure variables and
outcomes assessed. Confounding factors included unequal
doses of local anesthetic administered between study arms,
pre-operative opioid use, no standardization in multimodal
analgesic management, inconsistency in patients receiving
neuraxial anesthesia between study arms, inability to blind
anesthesiologists performing the regional blocks, and lack
of control groups administering pre-emptive oral multi-
modal analgesia without any regional analgesia alone.
Registration conflicts were present in two included
trials;***" Patterson et al’® performed a retrospective
registration, and Li et al’ increased the study sample
size from 125 to 200 participants and created different
study groups. Kim et al'® compared iPACK+ACB+PAI
(intervention arm) versus PAI (control arm), and conse-
quently this comparison may not allow differentiation of
the analgesic treatment effects of iPACK or ACB since
both were not present as controls. Finally, systematic
reviews are generally poor at identifying rare side effects
due to clinical and methodological heterogeneity and
inconsistency in reporting complications.’®

Recommendations for Future Research

While one study included posterior knee blocks in the
control cohort, specifically tibial nerve block,?’ further
research and separate subgroup analysis would be
necessary to directly compare iPACK block versus
other posterior knee blocks (eg proximal sciatic nerve
block, selective tibial nerve block). Larger-scale RCTs
are warranted and should focus on more objective
measures of pain, including metrics of physical func-
tion, quality of recovery, and opioid consumption
beyond the immediate perioperative period. Future stu-
dies should investigate outcomes over a longer time
period after the first postoperative day. This may help
determine if decreased pain immediately postopera-
tively after an iPACK block may be associated with
improved analgesia further out from surgery. Dose—
response studies are warranted to identify the minimal
effective concentration and volume for iPACK blocks.
Future studies should compare the duration of analge-
sia, efficacy, cost-effectiveness, functional outcomes,
and healthcare utilization between ultrasound-guided
iPACK blocks versus other posterior knee blocks and
surgeon-administered posterior knee capsule local infil-
tration analgesia. Finally, trials should also consider
inclusion criteria for the

expanding pediatric
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population®’ and other types of knee surgeries besides
TKA, including knee ligament repair or reconstruction,
meniscus repair, and unicompartmental partial knee
replacements.

In conclusion, this review provides a foundation for
current evidence on iPACK efficacy while acknowledging
gaps in knowledge. While the existing literature does not
presently support routine use of iPACK block, future RCTs
are warranted to further evaluate clinical utility in specific
TKA populations, to optimize local anesthetic dosing and
volume, and to provide further safety evidence prior to
more widespread implementation of iPACK block use
for TKA.
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