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Background: The Infiltration between the Popliteal Artery and Capsule of the Knee (IPACK) block is a new anesthesi-
ologist-administered analgesic technique for controlling posterior knee pain that has not yet been well studied in total
knee arthroplasty (TKA) patients. We compared pain outcomes in TKA patients before and after implementation of the
IPACK with the hypothesis that patients receiving IPACK blocks will report lower pain scores on postoperative day (POD)
0 than non-IPACK patients.

Methods: With Institutional Review Board approval, we retrospectively reviewed data for consecutive TKA patients by a
single surgeon 4 months before (PRE) and after (POST) IPACK implementation. All TKA patients received adductor ca-
nal catheters and peri-operative multimodal analgesia. The primary outcome was pain on POD 0. Other outcomes were
daily pain scores, opioid consumption, ambulation distance, length of stay, and adverse events within 30 days.

Results: Post-implementation, 48/50 (96%) of TKA patients received an IPACK block, and they were compared with 32
patients in the PRE group. On POD 0, the lowest pain score (median [10th-90th percentiles]) was significantly lower for
the POST group compared to the PRE group (0 [0-4.3] vs. 2.5 [0-7]; P = 0.003). The highest patient-reported pain scores
on any POD were similar between groups with no differences in other outcomes.

Conclusions: Within a multimodal analgesic protocol, addition of IPACK blocks decreased the lowest pain scores on
POD 0. Although other outcomes were unchanged, there may be a role for new opioid-sparing analgesic techniques, and
changing clinical practice change can occur rapidly.
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Introduction

Regional analgesia for patients undergoing total knee arthro-
plasty (TKA) has evolved over the past 3 decades to become
more selective to the operative site and balance the goals of
effective pain management with early rehabilitation [1]. Local
infiltration analgesia (LIA) involves local anesthetic administra-
tion by the surgeon in close proximity to the operative site and
has proven efficacious [2,3]. When combined, LIA and peripher-
al nerve blockade provide superior pain control when compared
to either approach alone [4,5]. Therefore, this combination has
been integrated into a multimodal analgesic clinical pathway for
TKA patients at our institution with extremely high adherence
rates [6]. This pathway is managed by a dedicated regional an-
esthesiology and acute pain medicine (RAAPM) team, which
routinely inserts adductor canal catheters pre-operatively for all
TKA patients and prescribes inpatient postoperative analgesics.

Maintaining long-term clinical pathway adherence can be
challenging for many reasons and pathways should be adapt-
able. With the hiring of a new surgeon who does not perform
LIA and who is a strong supporter of regional anesthesia, the
RAAPM team introduced a new ultrasound-guided procedure:
the Infiltration between the Popliteal Artery and Capsule of the
Knee (IPACK) block [7,8], for controlling posterior knee pain
in the new surgeons TKA patients as a quality improvement
project to ensure consistency in care among TKA patients at our
facility. We retrospectively compared postoperative outcomes
before and after implementation of IPACK blocks, hypothe-
sizing that post-IPACK patients will report lower pain scores
on postoperative day (POD) 0 than pre-IPACK patients. We
also describe the process of implementing this clinical practice
change.

Materials and Methods

This retrospective cohort study was reviewed and approved
with a waiver of informed consent by the local Institutional
Review Board (Stanford, CA, USA) and Veterans Affairs (VA)
Research Committee (Palo Alto, CA, USA).

Setting

The project was conducted at a tertiary care university-affil-
iated VHA hospital with a Peri-operative Surgical Home (PSH)
model of care [9]. A RAAPM team, staffed by an attending an-
esthesiologist, RAAPM fellow, and nurse practitioner, perform
peri-operative nerve block procedures, directly co-manages
orthopedic surgery and neurosurgical spine surgery patients,
provides consultation for other hospitalized patients, and are
available around the clock [9,10].
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Implementation

This implementation of a clinical practice change was de-
signed as a quality improvement project using 1 cycle of a plan-
do-study-act [11]. The steps were planned in advance with
various stakeholder groups including RAAPM anesthesiologists,
orthopedic surgeons, and nurses in the post-anesthesia care
unit (PACU) and surgical ward. A need for an infiltrative tech-
nique was identified and options included LIA administered by
the new surgeon or IPACK blocks performed by the RAAPM
team. A collective decision was made for the RAAPM team to
provide pre-operative IPACK blocks as part of the TKA clinical
pathway with strong support from the new surgeon who favored
this approach due to the timing (prior to insertion of implants)
and image guidance (ultrasound). The IPACK technique was
researched and disseminated to RAAPM team members, and
the project was initiated in May 2018 for all knee arthroplasty
patients of this single surgeon. All other TKA patients continued
to receive surgeon-administered LIA.

For all patients undergoing knee arthroplasty surgery, the
RAAPM team placed an ultrasound-guided adductor canal
catheter (ACC) pre-operatively using a technique described
previously [12]. In the IPACK implementation cohort, after
the ACC insertion, the IPACK block was performed under ul-
trasound guidance using a sterile technique with the operative
extremity cleansed from the inguinal ligament down to the
popliteal crease. Using the technique originated by Dr. Sanjay
Sinha (personal communication), the leg was positioned with
the knee flexed and hip externally rotated. A high-frequency
ultrasound transducer (HFL50, FUJIFILM Sonosite, USA) was
used to visualize the popliteal artery and posterior surface of
the distal femur (Fig. 1). If the femoral condyles were seen, the
transducer was moved proximally to a position over the distal
femoral shaft. Using an in-plane approach, an 8.9 cm 20-gauge
Tuohy-tip needle (Epimed, USA) was inserted from medial to
lateral to position the needle tip between the popliteal artery and
the femur (Fig. 1). Twenty ml of 0.2% ropivacaine was injected
incrementally into this space.

The preferred intra-operative anesthetic technique for TKA
patients was spinal anesthesia [13], but the choice was ultimately
made by the operating room anesthesiologist, patient, and sur-
geon. A standard tri-compartment knee arthroplasty was per-
formed through a medial parapatellar incision under tourniquet
control.

After surgery and upon arrival to the PACU, the ACC peri-
neural infusion of 0.2% ropivacaine with 6 ml/h basal infusion
and 5 ml on-demand bolus with a 30 min lockout was initiated
(ON-Q Pump with Select-A-Flow Variable Rate and ONDE-
MAND, Avanos, USA). The RAAPM team assumed primary re-
sponsibility for managing postoperative analgesics and rounded
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on patients daily to assess pain control, rehabilitation progress,
and catheter function [6]. Patients began physical therapy (PT)
on the morning of POD 1. Adductor canal catheters were typ-
ically removed on POD 2. Patients were followed-up in person
and/or by phone until the nerve block resolved.

Outcomes

Data were collected for consecutive TKA patients 4 months
post-IPACK implementation (POST) and compared to those
for a historical cohort comprised of consecutive TKA patients
by the same surgeon 4 months prior to IPACK implementation
(PRE). Data normally collected during the postoperative course
related to pain, medication administration, and rehabilitation
were included and retrospectively reviewed. Baseline charac-
teristics included: age, sex, height, weight, body mass index,
American Society of Anesthesiologists physical status, pre-oper-
ative opioid prescription (any active opioid prescription within
the previous year), case length (out-of-room time minus in-
room time), and anesthesia type. Since LIA is only expected to
last approximately 12 h [2], the primary outcome for this study
was patient-reported pain scores (numeric rating scale; 0 = no
pain; 10 = worst possible pain) on POD 0. POD 0 data included
PACU and ward measures on the surgical date; the number of
ward measures varied depending on the time of admission to
the ward. Pain was assessed at least once every 4 h per nursing
protocol as well as before and after each as-needed analgesic
administration. Daily pain scores were broken down into the
lowest reported pain score and the highest reported pain score.
Other outcomes included opioid consumption per POD in mor-
phine mg equivalents (MME) with POD 0 including PACU stay;
lowest and highest pain scores on POD 1 and 2; length of stay;
discharge disposition; maximum ambulation distance on POD
1 and 2; and 30-day adverse events such as new peripheral neu-
ropathies, emergency room visits, hospital readmissions, and
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Fig. 1. Ultrasound images demon-
strating relevant sono-anatomy for
the Infiltration between the Popliteal
Artery and Capsule of the Knee (IPACK)
before (A) and after (B) local anesthetic
injection; PA: popliteal artery, LA: local
anesthetic. Arrows indicate the distal
end of the needle.

major organ system complications.

Statistical analysis

Statistical analysis was performed using NCSS Statistical
Software (NCSS, LLC, USA) and IBM SPSS Statistics Version 25
(IBM Corp., USA). Normality of distribution was determined
for all scale variables using the Kolmogorov-Smirnov test. For
normally distributed data, single comparisons were performed
using the Student’s ¢-test; for continuous data in non-normal
distributions, the Mann-Whitney U test was used. The chi-
squared test or Fisher’s exact test (n < 5 in any field) was used
for comparisons of categorical data. For all comparisons, P < 0.05
was considered statistically significant.

Results

Two-hundred thirteen patients underwent knee replacements
in the 8-month study period (February through September
2018); 4 months PRE and 4 months POST. In 125 patients, LIA
was performed by the surgeon. Of the remaining 88 patients,
8 patients were excluded (3 uni-compartmental arthroplasty
patients, 3 revision TKA patients, and 2 patients in the POST
group [4%] who did not receive an IPACK block after imple-
mentation of the new protocol). The final cohort consisted of 80
patients (n = 32 for PRE and n = 48 for POST). There were no
differences between groups in terms of demographic and base-
line characteristics (Table 1). In the POST group, 16/48 (33%)
patients were considered pre-operative opioid users compared
to 19/32 (59%) in the PRE group (P = 0.021) based on having an
active prescription for an opioid within 1 year of surgery. Twen-
ty-eight out of 32 (88%) PRE patients and 33 out of 48 (69%)
POST patients had spinal anesthesia which was similar between
groups (P = 0.064).
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Primary outcome

On POD 0, the lowest patient-reported pain score (median
[10th-90th percentiles]) was lower for the POST group than for
the PRE group (0 [0-4.3] vs. 2.5 [0-7]; P = 0.003). The highest
patient-reported pain scores on POD 0 and the lowest and high-
est pain scores on POD 1 and 2 were similar between the groups

(Fig. 2).
Secondary outcomes

In the PACU, overall opioid consumption in MME (median
[10th-90th percentiles]) was 4 (0-65) for the PRE group and
0 (0-62) for the POST group (P = 0.584). Sixteen PRE patients
(50%) and 26 POST patients (54%) required no opioids in the
PACU (P = 0.715). The lowest pain score recorded in the PACU
was 0 (0-5) for the PRE group and 0 (0-4) for the POST group
(P = 0.444). The highest pain score recorded in the PACU was

Table 1. Demographics and Baseline Characteristics

PreIPACK  Post-IPACK .
(n=32) (n=48)

Age (yr) 68 (56-73) 70 (59-79) 0.107
Sex (F) 2 (6%) 4 (8%) >0.999
Height (cm) 175 (163-183) 174 (165-183)  0.608
Weight (kg) 95 (71-118) 94 (77-114) 0.831
Body mass index (kg/m?) 30 (24-40) 32(25-39) 0.674
ASA physical status 3 (2-3) 3(2-3) 0.383

Case length (min) 203 (171-234) 204 (163-239) 0.410

Values are presented as median (10th-90th percentiles) or number (%),
as applicable. IPACK: Infiltration between the Popliteal Artery and
Capsule of the Knee, ASA: American Society of Anesthesiologists, Case
Length: out of room time - in room time.
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4 (0-10) for the PRE group and 1 (0-9) for the POST group
(P = 0.597). Since the anesthetic technique could be expected
to influence PACU outcomes, we analyzed subgroups based on
anesthetic technique. For patients who received spinal anesthesia,
the PACU opioid consumption in MME was 0 (0-66) for the PRE
group (n = 28) and 0 (0-51) for the POST group (n = 33; P =
0.168); the lowest reported pain was 0 (0-5) for the PRE group and
0 (0-5) for the POST group (P = 0.976); and the highest report-
ed pain was 1.5 (0-10) for the PRE group and 0 (0-8) for the
POST group (P = 0.175). For patients who did not receive spinal
anesthesia, PACU opioid consumption in MME was 22 (4-55)
for the PRE group (n = 4) and 23 (0-72) for the POST group (n =
15; P = 0.880); the lowest reported pain was 0 (0-4.2) for the PRE
group and 2 (0-4) for the POST group (P = 0.568); and the
highest reported pain was 5.5 (1.5-7.4) for the PRE group and 7.5
(0.6-10) for the POST group (P = 0.420). There were no differ-
ences in the rates of postoperative adverse events (Table 2).

On POD 0, the total opioid consumption in MME was 47
(15-100) for the PRE group and 34 (13-93) for the POST group
(P = 0.166). On POD 1, the total opioid consumption was 48

Table 2. Secondary Outcomes

Pre-IPACK Post-IPACK

(n=32) (n=4g) T value
Length of stay (days) 3(2-4) 3(2-5) 0.690
Discharge to home 30 (94%) 42 (88%) 0.466
New peripheral neuropathy 0 (0%) 0 (0%) > 0.999
Emergency room visit only 2 (6%) 3 (6%) >0.999
Hospital readmission 0 (0%) 1(2%) > 0.999
Major adverse events 0 (0%) 1(2%) >0.999

Values are presented as median (10th-90th percentiles) or number (%),
as applicable. IPACK: Infiltration between the Popliteal Artery and
Capsule of the Knee.
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Fig. 2. Lowest (A) and highest (B) pain scores reported by patients in the PRE- and POST-IPACK groups on postoperative days 0, 1, and 2 using a
numeric rating scale. IPACK: Infiltration between the Popliteal Artery and Capsule of the Knee. *P < 0.05.
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(23-113) for the PRE group and 45 (15-85) for the POST group
(P =0.150). On POD 2, the total opioid consumption was 38 (0-
90) for the PRE group and 26 (5-72) for the POST group (P = 0.265).
On POD 1, the ambulation distance in meters was 23 (1-60) for the
PRE group and 15 (0-47) for the POST group (P = 0.410). On POD
2, the ambulation distance was 46 (4-61) for the PRE group and 46
(10-61) for the POST group (P = 0.886).

Discussion

Although the results of our study show relatively limited ben-
efits in terms of pain scores from adding IPACK blocks within a
robust multimodal analgesic regimen, this process demonstrates
the feasibility of implementing practice changes in an efficient
manner. Revision of a multimodal analgesic clinical pathway to
incorporate IPACK blocks for TKA patients in our practice oc-
curred rapidly and with very high adherence (96%). In addition,
increasing patient access to non-opioid analgesia in the form
of a local anesthetic and decreasing disparities in pain manage-
ment between TKA patients within a single institution arguably
justified our adoption of IPACK blocks [14].

The “ideal” regional analgesic for TKA patients continues to
evolve, and providing optimal pain control must be balanced
with potentially competing goals like early mobility [1]. Modern
clinical pathways for joint replacement surgeries increasingly
incorporate non-opioid systemic analgesics such as acetamin-
ophen, non-steroidal anti-inflammatory drugs, and local anes-
thetics [6,15,16]. In this context, minor variations in the mode
of local anesthesia delivery like the addition of IPACK blocks
in a practice routinely providing continuous adductor canal
blocks for TKA patients [6,12], may not result in major changes
in clinical outcomes. Of note, TKA patients at our institution do
not begin physical therapy until POD 1; thus, any potential re-
habilitative advantages due to IPACKs analgesic effects on POD
0 remain unknown since local infiltration around the knee does
not reliably last more than 12 h [2]. To date, there are few pub-
lished studies evaluating the IPACK block [7,8,17,18], of which
only 2 are prospective [8,17]. In a randomized clinical trial by
Kim et al. [8], patients received either surgeon-administered LIA
alone or a combined intervention consisting of an IPACK block
with up to 40 ml of 0.25% bupivacaine, a single-injection adduc-
tor canal block (ACB), and a modified surgeon-administered
LIA. While pain scores in the immediate postoperative period
favored the combined local anesthetic intervention (IPACK)
group, opioid reduction did not persist beyond the first 24 h
and there were no differences in physical therapy outcomes [8].
The study by Sankineani et al. [17], was a prospective, non-ran-
domized open label study comparing IPACK blocks using 15
ml of 0.2% ropivacaine plus a single-injection ACB and ACB
alone. The IPACK-ACB group demonstrated lower pain scores
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on POD 0-2 and greater physical function vs. the ACB group
although pain scores were low overall in both groups and the
multimodal regimen was limited to acetaminophen 3 g total and
gabapentin 300 mg per day [17].

Our study is the first to evaluate the addition of the IPACK
block to a continuous adductor canal block within a multimodal
analgesic clinical pathway including multiple classes of analgesic
interventions. This clinical pathway at our institution is mature
and is founded on the use of continuous peripheral nerve blocks
[6]. Over the past 8 years, individual elements of the pathway
have been revised to make perineural infusions more selective
[19], expand the use of non-opioid analgesics [15], make spinal
anesthesia the preferred intra-operative anesthetic technique
[13], and provide high quality education for patients that can
help them participate in their own pain management [20]. This
may, at least partially, explain why the results of the present
study are not strongly positive compared to those of previously
published studies.

The primary reason for implementing the IPACK block
was to provide consistent care among TKA patients at a single
institution, which took place over the course of several weeks.
The process of implementing the clinical practice change in
the face of new evidence has been estimated to take 17 years
[21]. Reasons for this delay in translating evidence to practice
are attributed to a lack of familiarity, lack of awareness, lack of
agreement, lack of outcome expectancy, lack of self-efficacy, lack
of motivation, and external barriers [22]. A culture supportive
of rapid changes in clinical practice has been demonstrated pre-
viously at our institution [13]. The collaborative Peri-operative
Surgical Home (PSH) model with co-management of orthope-
dic surgery patients by surgeons and RAAPM anesthesiologists
supports incremental improvements in the care of patients [9,13].
We cannot say for certain why there is a difference in pre-op-
erative opioid usage between the 2 groups in our study with a
lower rate in the POST group, but we speculate that changes in
prescribing practices as a result of the ongoing opioid epidemic
[23] may be at least partially responsible.

This study has several limitations. First, this was a single-cen-
ter retrospective study with a small sample size. We attempted to
minimize bias by including all consecutive TKA patients in the
initial sample. Secondly, certain institutional factors may limit
generalizability. Our institution is a university-affiliated VA hos-
pital serving only veterans and this population is mostly male
with a high prevalence of multiple comorbidities [24]; therefore,
results may be different in the general population. In addition,
the PSH model is not employed at every institution and likely
promotes rapid process improvement. Thirdly, TKA patients at
our hospital do not begin physical therapy until POD 1 due to
staffing limitations. Therefore, any pro-mobilization benefits
from posterior knee analgesia due to the IPACK block on POD
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0 remain unrealized since the block resolves before the first
physical therapy consult on POD 1. Finally, the optimal dosing
regimen for the IPACK block is still unknown. While our dose
of ropivacaine (20 ml of 0.2%) is similar to the dose used in 1
prospective study [17], other studies used higher doses [7,8].
One study of 10 fresh frozen cadaver knees using 20 ml of col-
ored latex solution in an IPACK injection has shown potential
spread to the terminal branches of the sciatic nerve, which may
suggest limiting the volume of the injectate to 20 ml or less [18].

In conclusion, our study showed minimal short-term benefits
of adding an IPACK block to a continuous adductor canal block
within a multimodal analgesic clinical pathway after primary
unilateral TKA. We also demonstrated the feasibility of rapidly
adapting an existing clinical pathway in the face of changing
conditions to provide consistent patient care.
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