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ABSTRACT

Background Evidence-based international expert
consensus regarding the impact of peripheral nerve block
(PNB) use in total hip/knee arthroplasty surgery.
Methods A systematic review and meta-analysis:
randomized controlled and observational studies
investigating the impact of PNB utilization on major
complications, including mortality, cardiac, pulmonary,
gastrointestinal, renal, thromboembolic, neurologic,
infectious, and bleeding complications.

Medline, PubMed, Embase, and Cochrane Library
including Cochrane Database of Systematic Reviews,
Cochrane Central Register of Controlled Trials, NHS
Economic Evaluation Database, were queried from 1946
to August 4, 2020.

The Grading of Recommendations Assessment,
Development, and Evaluation approach was used to
assess evidence quality and for the development of
recommendations.

Results Analysis of 122 studies revealed that PNB use
(compared with no use) was associated with lower ORs
for (OR with 95% Cls) for numerous complications (total
hip and knee arthroplasties (THA/TKA), respectively):
cognitive dysfunction (OR 0.30, 95% CI 0.17 to 0.53/0OR
0.52, 95% Cl 0.34 to 0.80), respiratory failure (OR 0.36,

6

24,25

27,28
32

95% C1 0.17 to 0.74/0R 0.37, 95% C1 0.18 t0 0.75),
cardiac complications (OR 0.84, 95% Cl 0.76 to 0.93/
OR 0.83,95% Cl 0.79 to 0.86), surgical site infections
(OR 0.5595% Cl 0.47 to 0.64/0R 0.86 95% CI 0.80 to
0.91), thromboembolism (OR 0.74, 95% C| 0.58 to 0.96/
OR 0.90, 95% Cl 0.84 to 0.96) and blood transfusion
(OR 0.84, 95% C1 0.83 t0 0.86/0R 0.91, 95% CI 0.90 to
0.92).

Conclusions Based on the current body of evidence,
the consensus group recommends PNB use in THA/TKA
for improved outcomes.

Recommendation: PNB use is recommended for patients
undergoing THA and TKA except when contraindications
preclude their use. Furthermore, the alignment of
provider skills and practice location resources needs to
be ensured. Evidence level: moderate; recommendation:
strong.

INTRODUCTION

Total hip and knee arthroplasties (THA/TKA) are
among the most common surgeries in the devel-
oped world! with large increases projected as the
population ages.? Despite representing value-based
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solutions to end-stage arthritis,” THA/TKA patients are at risk
for serious complications of major organ systems.* The identifi-
cation of risk-modifying, perioperative interventions has there-
fore become a clinical priority.

Besides the well-established intrinsic benefits of regional anes-
thesia,” a growing body of evidence has indicated that anesthetic
technique and in particular peripheral nerve blockade (PNB) may
favorably influence perioperative outcome in terms of serious
complications. Here, evidence from randomized controlled
trials (RCTs) has been complemented by large population-based
data because of the typical lack of precision when investigating
the occurrence of harm.*”

Observational evidence is well established in the context of
serious harm because such complications are rare and often not
captured during the follow-up of RCTs.!® ' In such settings
issues of imprecision, indirectness, or inapplicability may
prevent RCT’s from providing high-quality evidence in respect
to adverse, unexpected events.'> 13

The current analysis is a follow-up of a previous systematic
review by the ICAROS group (International Consensus on
Anaesthesia-Related Outcomes after Surgery) recommending
neuraxial anesthesia for reduced complications in THA/TKA."*

Objective

Recognizing the intrinsic benefits of PNBs, the objective was to
address the impact of PNB use on serious perioperative compli-
cations.™ The ICAROS group therefore (1) conducted a system-
atic literature review with meta-analysis, (2) graded the level
of evidence quality and (3) developed clinical practice recom-
mendations. Given a relatively low PNB utilization in general,"
findings from this project are likely to profoundly impact on
perioperative practice.

METHODS

Consensus group

The ICAROS group was comprised 57 individuals with exten-
sive expertise in perioperative research and care of the ortho-
pedic patient. The group was expanded from its original
roster to maximize the collective expertise, including anesthe-
tists, orthopedic surgeons, healthcare outcomes and quality
researchers, administrators, librarians, and methodologists from
North America, Europe, and Oceania representing more than 20
nationalities and practicing in over 10 countries. A 10-member
steering committee was tasked with overseeing day-to-day
project aspects.

Study plan and healthcare question
According to the prespecified healthcare question, a systematic
review and meta-analysis were performed to investigate the
impact of PNB utilization on the occurrence of complications in
patients undergoing THA/TKA. This is important because clin-
ical recommendations should consider both, benefit and harm.'®
As serious complications are relatively rare and are often
not captured in RCTs, observational evidence was required to
complement randomized evidence.!® 1 16
The study protocol was registered on the International
Prospective Register of Systematic Reviews PROSPERO
(protocol number: CRD42018099935)."7

Healthcare questions posed to the consensus group
» Does the use of a PNB influence postoperative complications
in patients undergoing THA?

» Does the use of a PNB influence postoperative complications
in patients undergoing TKA?

Outcomes of interest comprised major complications, consid-
ered critical to the patients postoperative health condition:
inpatient and all-cause mortality, cardiac complications (without
myocardial infarction (MI)), MI, pulmonary complications,
respiratory failure, gastrointestinal and renal complications,
acute renal failure, thromboembolism (deep venous thrombosis
and pulmonary embolism), postoperative cognitive dysfunction,
delirium, stroke, any systemic infectious complications, surgical
site infections, blood loss, and transfusion requirements (both
binary and in milliliters). Outcomes accounting for resource
utilization included length of hospital stay (LOS), critical care
admission, and cost of care. Outcome composition is detailed in
online supplemental table A1.

Study intervention and comparator

The study intervention, anesthesia with PNB use, comprised
lumbar plexus block, psoas compartment nerve block, paraverte-
bral block, femoral nerve block, fascia iliaca compartment block,
three in one block (including the femoral, obturator, and lateral
cutaneous nerves), sciatic nerve block, lateral femoral cutaneous
nerve block, and adductor canal block.

The comparator was any anesthesia without PNB use. This
involved systemic analgesia, intravenous analgesia, patient-
controlled analgesia, intravenous patient-controlled analgesia,
local infiltration analgesia (LIA), and periarticular local anes-
thetic infiltration.

Selection criteria

Based on the defined patient, intervention, comparator, and
outcome (PICO) question, eligible studies included RCTs
and observational prospective or retrospective studies of
adult patients undergoing elective THA and TKA (in English
language). Exclusion criteria included patients under 18 years of
age and case reports.

Search strategy

A systematic literature search was performed according to the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses guidelines.

The search strategy, including Medical Subject Headings
(MeSH), keywords, and controlled vocabulary terms, was
crafted and validated by the expert group in collaboration with
two institutional librarians according to the healthcare ques-
tion. Medline, PubMed, Embase, and the Cochrane Library
including Cochrane Database of Systematic Reviews, Database
of Abstracts of Reviews of Effects, Cochrane Central Register
of Controlled Trials, Cochrane Methodology Register, Health
Technology Assessment Database, NHS Economic Evaluation
Database, were queried from database inception (1946) to May
17, 2018 and subsequently repeated to include August 4, 2020
for a complete and up to date evidence synthesis.

The full search strategy is reported in online supplementarl
materials and can be found in online supplemental appendix A1.
The search yielded 8326 studies. In addition to the electronic
search, a manual search of previously published systematic
reviews was performed for the purpose of completeness.

Study identification and data extraction

After removal of duplicates, abstracts of 5884 studies were
extracted and imported into the Covidence webtool, a compre-
hensive framework facilitating abstract screening, full-text
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Systematic literature search on the impact of peripheral
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Figure 1  Flowchart. PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses.

review, data extraction, and quality assessment.'® Each step was
performed independently by two reviewers, including a third
reviewer for disagreements. Extracted data were categorized
according to prespecified outcomes and the preliminary risk
of bias within individual studies was assessed according to the
Cochrane Risk of Bias Tool for RCTs and the Grading of Recom-
mendations Assessment, Development, and Evaluation (GRADE)
tool for non-randomized studies of interventions, respectively.'’
The flow chart is presented in figure 1.

Quantitative analysis

To provide estimates of intervention effects,”> RCT and obser-
vational data were pooled by meta-analysis. Review Manager
version 5 was used to facilitate data analysis and graphic presen-
tation.”! Summary effect estimates for each outcome (ORs and
95% CIs) with heterogeneity (I statistic) were provided. For
binary outcomes, group-specific risk was presented in events per
1000 while the relative effect was presented in ORs. For contin-
uous variables, the effect was presented as mean difference.

Primary analysis
Effect estimates for the occurrence of critical complications with
and without PNB utilization in THA and TKA, respectively.

Secondary analyses

» Subgroup analysis based on study type, stratifying by RCT
and observational evidence.

» Subgroup analysis based on primary anesthesia technique,
investigating potential differences in PNB effects based on
the use of general anesthesia (GA), neuraxial anesthesia
(NA), or a combination thereof as the primary anesthetic
technique. (table 1) For this purpose, THA and TKA popu-
lations were merged to assure an adequate sample size. In
general, primary anesthetic techniques were matched in the
intervention and comparison groups.

Effect estimates comparing outcomes were stratified by the

following groups:

—  GA only with and without PNB use.

—  GA +NA with and without PNB use.

— Any study including GA, regardless of NA (sum of GA
only and GA+NA) with and without PNB use.

— NA only with and without PNB use.

» Sensitivity analysis investigating the potential impact of clin-
ical enhanced recovery after surgery (ERAS) pathways.?* >

» Sensitivity analysis accounting for possible prognostic
imbalance due to changes in the utilization of perioperative
thromboembolic prophylaxis protocols (as performed in the

Memtsoudis SG, et al. Reg Anesth Pain Med 2021;0:1-15. doi:10.1136/rapm-2021-102750 3

"yBuAdoo Aq paloalold 1sanb Aq £20z ‘82 Yorew uo Jwod g wdel//:dny woiy papeojumod "TZ0Z 1SNBny Gz uo 05/20T-T20Z-wdey/9sTT 0T Se paysiignd 1sil :pajn ured yisauy Bay


http://rapm.bmj.com/

o —
e
—
©
[+)]
w
v
—

igina

Or

Reg Anesth Pain Med: first published as 10.1136/rapm-2021-102750 on 25 August 2021. Downloaded from http://rapm.bmj.com/ on March 28, 2024 by guest. Protected by copyright.

*BIS3YISAUE [BIXRINAU ‘YN ‘UOIdIRUI [eIpIed0AW ‘||l ‘eIsayisaue [esauab o 'suonedljdwod waishs snoalau [enuad ‘SN

*3DUBIIYIP UBSW Se PapIodal S3L0IIN0 SNONUNUOD |

150°0>dx

“eIsaysaue [esausbyjeIxenau yum syusned Jo Jsquinu B30} Y/ YN) N
'sisdas pue euownaud Buipnpul suondajul |je :suondajul ||y
“ejuownaud Buipnpxa suonedijdwod Aieuow|nd :Aieuowing

fjuo yN

VN+VD

Ajuo vo

V9

6L (60001 20°0) 90°0 v69Z€EL L (€00 0 ¥0°0-) 100~ 195G «(1¥'0— 01 §5°0-) 870~ SSZBELL  «(L0'0= O} ¥L'0-) OL'0~ 1) 100 01 01 101 66 26 06 68 58 b8 62 L2 bi—2 0L 69,09 95 15-6v ve+(SOT) ABIS _s_mﬁﬁ_ﬁwrﬂ
€Sy ol +(0£°0 01 19°0) 99°0 £SY oL +(0£°0 01 19°0) 99°0 ¢ peUioISSILpeay

9L (€T°0L0V110) LL'T 9/57901 £(90°L 01 10'L) €0°L 9/57901 #9071 01 10°L) €0°L 06 19 €6 61 UOISSIUPE BB [ed1111)
6.7 «(LL°T€=01061G-) 0€ T~ 6557901  (S6'S 01 E€L'ZEL-) 60°€9~ 0LL  (PL'SLOYZEET-) BL'E- 6247901 (19°01 03 86'97-) 81'8— 071611 66 £8 08 92 5. £9 99 £5 05 +550] POOIE
11T (8L€ 031 1£0) LS'L 861765 | +(26°00106°0) 160 vLL (2701 150) LL'L 797651 +(26°00106°0) 160 €LI-111 £5 96 £6 75 oUOISNYSUBI) POO]g
eyl (77°0€ 03 LE0) LOE 9/101 (£9'1 0165°0) 660 wy (LS'€ET 01 ¥S'L) €0°94 86501 (91°701980) 9€°L 0L1-801 26 06 62 22 29 99 5N BAIBU dANRIadOLAY
128 (69°7 01 €9°0) 0€°L 8TETELL «(76°0 01 €8°0) 68°0 <14 (EV'1 04G1°0) V"0 06LT€LL «(76°0 01 €8°0) 88°0 L01-€01 001 86 £6 56 €6 76 58 £L 0L 69,99 19 29 66 56 €515 oUS![0GUWIS0QIOIY ]
6L1 (58'901 £1°0) ¥6'0 LS€E (€L O 11°0) LO'L LS€ (€L 0110 LO'L 90 £6 76 851505
€Ll (L7101 £0°0) ¥E'O 06LLELL +(6£°0012£0)9L°0 €ve (€9°€ 01 67°0) €01 €eLzeLL +(6£°0012£0)9L°0 20116 61-11 95 56 76 1c oUOIIRYU| Auy
6€L (S6'7 01 25°0) €T'L v69CELL +(€8°0017£°0) 6£°0 1955 (0070 LL0)6LL GGZ8EL L +(#8°0 01 7£°0) 6470 101-06 8 82 £L 02,99 19 19 56 £6-1 61 gy gUOHI3JUI AMS [B2IBING
95 (76°16 0} 1°0) 65°€ Yrz90 1 (111 0¥ SL°0) 160 091 (19°22 03 Z10) LL'E ¥07 7901 (21104 52°0) 260 1229 151018
0€6 «(€£°001 11°0) 670 6LL +(¢800161°0) S€°0 04T +(9900191°0) Z€0 6 +(L5°00161°0) £€°0 ve-18 59 9 15 gy UNHIRA
413 «(€6°0 01 GE'0) LG50 6LE #(69°00191°0) £€°0 113 «(85°00191°0) LEO  VLL +(15°00107°0) ZE°0 s8-18 12 59-79 15 gy UNHIPP/UONOUNSAD BANIUGOD
09 (09°2 03 €1°0) 00°L (114 (S6°1 0307°0) €90 091 (192201 Z10) LL'E G529 (L1701 8T0) LLO 11 v9 55 75 g2 NI1BY [RUBY
09 (09°203€1°0) 00°L £19790 1 +(56°0 0198°0) 06°0 091 (19°2L0vZ10) LL'E LLLT0L +(56°0 0198°0) 06°0 119 €5 2 87 0/PURY
061 (z6°1 01 9€°0) £8°0 6097901 +(260016£°0) €8°0 Ll (£9°G 01 10°0) 05°0 v2LT901 +(26°0016£°0) €8°0 0882 19 29 6 £6 76 ol|EUNISAIUIONISED
€1 (567 01 60°0) £5°0 15T (€091 01 €9°0) LL'E SLT (PLe01yL0) €L0  TES (€7 04 $5°0) 09'L 61-11 06 76 1cEIUOWINAUg
1012 (£9°1 01 67°0) ¥9°0 vLLEYD L «(£8001££°0) 180 431 «(99'00161°0) €0 900%90 L «(98°001££°0) 180 61-59 29 09.96 £5-1 gy o/ IRUOWING
8£-59 09 €6 8%

L€z (rzz0rzT0) LLO €19 (#0"1 03 90°0) S0 JA%3 (9001 91°0) LEO  0€TL +(5°00191°0) 0€°0 ain|iey Aojelidsay
056 (97°€ 0192°0) 76°0 LSy (897 01 50°0) 870 Sl (G€'801 10°0) €60 S (€L°T01 £0°0) €70 v9-19 85 95 2605 UODIBJUI [IPIE2OAIN
6.7 (10701 Z1°0) 67°0 655290 | +(98°00108°0) £8°0 0LL (81701 10°0) 020  62L790 L +(98°0 0108°0) £8°0 0996 bs-15 g ol /N INOYIM DeIpIRD)
152 (15°6 03 10°0) LE'O LISYLTL (8171 0388°0) 20°L LISYLT L (8171 0388°0) 20°L co-a v o/ HIEHOI
N (1D %S6) 40 N (13 %S6) 40 N (1D %S6) 40 N (1D %S6) 40 suonedijdwo)

anbiuyda} eissyisaue fiewnd uo paseq sisAjeue dnoibgns

1 @|qeL

10.1136/rapm-2021-102750

1-15. doi:

0

i

Memtsoudis SG, et al. Reg Anesth Pain Med 2021


http://rapm.bmj.com/

Original research

previous project) was not necessary as all included studies
were published after the common establishment of respec-
tive perioperative measures.”

Qualitative analysis

The GRADE system was used with the aim to provide meaningful
evidence summaries and recommendations for the practice of
evidence-based treatment at the point of care.”* * This method-
ology of rating the quality of evidence and grading the strength
of recommendations, has been widely adopted for the purpose
of providing high-quality summaries of research evidence in
systematic reviews and for standardized guideline develop-
ment.”* GRADE offers a comprehensive framework allowing
for a systematic and transparent assessment of the quality of
the body of evidence as it relates to each individual outcome.
The quality of evidence is specified in four levels of certainty
(high, moderate, low, and very low) according to explicit criteria
including, the seriousness of risk of bias as it affects an indi-
vidual outcome across all contributing studies' the seriousness
of heterogeneity, imprecision, indirectness, and publications bias
(funnel plots), all analyzed in their bearing and severity on each
individual outcome, respectively.”> The rationale for upgrading
the quality of evidence included large effect size, a dose-response
relationship, or plausible confounders that would decrease an
apparent treatment effect.”” Using the GRADEpro software
package,?® final results including the pooled estimates of effect
and the quality of evidence were presented in the summary of
findings tables (tables 2 and 3 for THA and TKA, respectively).

Recommendations

According to GRADE, critical factors beyond the quality of
evidence include the balance between benefit and harm, patient
values and preferences, resource considerations, and issues
pertaining to feasibility, equity, and acceptability of recommen-
dations.?® ?’ The balance between desirable and undesirable
outcomes and the application of patients’ values determines the
direction of the recommendation. These factors, along with the
quality of evidence, resource implications, and clinical feasibility
considerations determine the strength of recommendations
(strong/weak).?® 24726

Modified Delphi process and consensus

After completion of the analyses, two cohorts of participants
were tasked with summarizing the evidence, formulating conclu-
sions, and suggesting recommendations. This work was distrib-
uted in the form of white papers for THA and TKA, respectively.
White papers together with detailed analysis data files and
summary tables of results were distributed among the group,
requesting anonymous edits and comments according to the
modified Delphi process.*’ Multiple reviews and revisions were
performed to include all participants’ comments.*!

Based on the novel coronavirus (COVID-19) outbreak, the
in-person meeting scheduled for April 2020 in San Francisco,
California, USA, was canceled. Group communication continued
via email and conference phone calls. The final consensus deci-
sion and approval were assessed in an anonymous online voting
process, which was preceded by group discussions and finalized
statements.

Disclaimer

Conclusions and recommendations of this consensus are not
intended to establish practice guidelines or standards, nor
can they—if followed—guarantee successful outcomes. For

numerous reasons clinicians or patients may deviate from the
current recommendations, including but not limited to medical
circumstances, individual patient and clinician preferences,
training skills, local resource availability. Conclusions and
recommendations are based on current literature at the time of
the analysis thus, reassessment and revisions are required as new
or differing evidence emerges.

RESULTS

A total of 82 RCTs and 40 observational studies were included
in the current analysis comprising more than 1 million patients
undergoing THA/TKA. The odds for numerous serious postop-
erative complications were significantly lower with the use of
PNBs.

Summary of findings tables, including pooled estimates of
effect and quality of evidence provided in tables 2 and 3 for
THA and TKA, respectively. Study characteristics including risk
of bias are presented in online supplementary table A2. In-depth
analysis including forest plots presented in online supplemental
table A3.

Primary analysis

Perioperative impact of PNB use in THA

In THA patients, PNB use was associated with significantly
reduced complication odds in most outcome categories. For
the remaining complication endpoints, no difference in risk
was observed. PNB use was not associated with any increase in
complication odds (tables 2 and 4).

Decreased odds were found for cardiac complications (OR
0.84, 95% CI 0.76 to 0.93), pulmonary complications (OR 0.70,
95% CI 0.60 to 0.81), respiratory failure (OR 0.36, 95% CI1 0.17
to 0.74), gastrointestinal, (OR 0.55, 95%CI 0.43 to 0.70), and
renal complications (OR 0.67, 95%CI 0.59 to 0.76). Further-
more, odds were significantly reduced for postoperative delirium
(OR 0.30, 95%CI 0.17 to 0.53), any infectious complications
(OR 0.71, 95%CI 0.65 to 0.78), surgical site infections (OR
0.55, 95%CI 0.47 to 0.64), thromboembolic events (OR 0.74,
95% CI 0.58 to 0.96), and blood transfusions (OR 0.84, 95% CI
0.83 to 0.86).

Resource utilization outcomes showed a reduction in critical
care admission (OR 0.91, 95%CI 0.86 to 0.95), and LOS with
the use of PNBs (OR —0.36, 95% CI —0.42 to —0.31).

No difference in complications odds was found for mortality,
perioperative nerve injury, MI, pneumonia, renal failure, stroke,
and sepsis. Because of the lack of data, the outcomes readmission
and cost could not be investigated in THA.

Perioperative impact of PNB use in TKA

In TKA patients, the utilization of PNBs was associated with
significantly improved outcomes in many complication catego-
ries (tables 3 and 3).

Reduced odds with PNB use were observed for cardiac compli-
cations (OR 0.83, 95%CI 0.79 to 0.86), pulmonary complica-
tions (OR 0.84, 95% CI 0.79 to 0.89), respiratory failure (OR
0.37,95%CI0.18 to 0.75), and cognitive dysfunction (OR 0.52,
95%CI 0.34 to 0.80).

Furthermore, a significant decrease in any infectious compli-
cations (OR 0.77, 95%CI 0.73 to 0.80), surgical site infections
(OR 0.86, 95%CI 0.80 to 0.91), thromboembolic complica-
tions (OR 0.90, 95% CI 0.84 to 0.96), blood transfusions (OR
0.91, 95%CI 0.90 to 0.92), and blood loss (mean difference
—42.53mL, 95%CI —52.08 to —32.98 mL) was found when
PNBs were used.

Memtsoudis SG, et al. Reg Anesth Pain Med 2021;0:1-15. doi:10.1136/rapm-2021-102750 5

"1yBuAdoo Aq paroalold 1sanb Aq #7202 ‘8z Yol uo jwod fwg wdel//:dny wol) papeojumoqd “TZ0Z 1sShBny Gz Uo 05/20T-T20z-wdel/9eTT 0T Se paysiignd 1sii :pajp ured yisauy Hay


https://dx.doi.org/10.1136/rapm-2021-102750
https://dx.doi.org/10.1136/rapm-2021-102750
https://dx.doi.org/10.1136/rapm-2021-102750
http://rapm.bmj.com/

Original research

Table 2 GRADE summary of findings for total hip arthroplasty

Anticipated absolute effects* (95% Cl)

Relative effect

Participants Certainty of the evidence

Complications Risk with no PNB Risk with PNB (95%ClI) (studies) (n) (GRADE)
Mortality 1 per 1000 1 per 1000 OR 0.61 342826 eOO0
(0to 1) (0.36 to 1.04) (2 observational studies) very lowt
Cardiac without MI 21 per 1000 18 per 1000 OR 0.84 342941 L1 00)
(16 to 20) (0.76 t0 0.93) (1 RCT, 2 observational studies) low
MI 7 per 1000 7 per 1000 OR 1.00 277 [21:11@)
(1 to 50) (0.14 10 7.19) (2 RCTs) moderatet
Pulmonary 11 per 1000 7 per 1000 OR 0.70 343198 (2111 @)
(6t09) (0.60 to 0.81) (4 RCTs, 2 observational studies)  moderate#
Respiratory failure 174 per 1000 71 per 1000 OR 0.36 357 DODD
(35 to 135) (0.17 t0 0.74) (3 RCTs, 1 observational studies)  hight
Pneumonia 17 per 1000 6 per 1000 OR0.33 115 (2111 @)
(0to 128) (0.01 to 8.35) (1 RCT) moderatet
Gastrointestinal 5 per 1000 3 per 1000 OR 0.55 342841 (211 1@)
(2to3) (0.43 t0 0.70) (1 RCT, 1 observational study) moderate
Renal 15 per 1000 10 per 1000 OR 0.67 342826 00O
9to 12) (0.59 t0 0.76) (2 observational studies) low
Renal failure 20 per 1000 7 per 1000 OR0.33 100 10 00)
(0 to 144) (0.01 to 8.21) (1 observational study) very low*q]
Delirium 157 per 1000 53 per 1000 OR 0.30 723 DODD
(31 to 90) (0.17 t0 0.53) (5 RCTs, 1 observational study) high
Stroke 1 per 1000 1 per 1000 OR0.83 342726 [-1000)
(1to1) (0.53 t0 1.29) (1 observational study) very lowt
Surgical site infection 12 per 1000 7 per 1000 OR 0.55 343091 [Gleleles)
(610 8) (0.47 t0 0.64) (2 RCTs, 2 observational studies)  high
Any infection 25 per 1000 18 per 1000 OR 0.71 342841 -0
(17 to0 20) (0.65 to 0.78) (1 RCT, 1 observational study) low
Sepsis 20 per 1000 6 per 1000 OR 0.32 203 @)
(1 to 60) (0.03 t0 3.16) (1 RCT, 1 observational study) moderatet
Thromboembolism 3 per 1000 3 per 1000 OR 0.74 342955 [S111@)
(2t03) (0.58 to 0.96) (3 RCTs, 1 observational study) moderatet
Perioperative nerve injury 7 per 1000 4 per 1000 OR0.62(0.30t0 1.27) 11118 [21:10@)
(210 8) (2 observational studies) low
Blood transfusion 194 per 1000 168 per 1000 OR0.84 873079 (2111 @)
(166 t0 171) (0.83 to 0.86) (3 RCTs, 2 observational studies)  moderatet
Blood loss MD 10.61 lower - 454 1)
(4.28 lower to 25.50 higher) (8 RCTs, 1 observational studies)  moderatet
Critical care admission 76 per 1000 70 per 1000 OR 0.91 342885 (21 10@)
(66 to 73) (0.86 to 0.95) (1 RCT, 1 observational study) low
Length of stay MD 0.36 lower - 872 L)
(0.42 lower to 0.31 lower) (7 RCTs, 4 observational studies)  moderate§

*The risk in the intervention group (and its 95% Cl) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% Cl).

tOptimal Information Size (OIS) low.
tFunnel plot one-sided.
§Heterogeneity detected (I* high).
9IRisk of bias suspected.

GRADE, Grading of Recommendations Assessment, Development, and Evaluation; MD, mean difference; MI, myocardial infarction; PNB, peripheral nerve block; RCT, randomized

controlled trial.

Outcomes reflecting resource utilization showed an increase
in critical care admissions (OR 1.07, 95%CI 1.04 to 1.10),
while readmissions were significantly reduced (OR 0.66, 95% CI
0.61,0.70) with PNB use.

No difference in complication odds was found for mortality,
MI, pneumonia, gastrointestinal complications, renal complica-
tions, renal failure, stroke, and sepsis, and perioperative nerve
injury.

Primary analysis results are additionally presented as risk
ratios in online supplemental appendix A4.

Pooled results of THA and TKA, rendering a significantly
increased study sample, confirmed the individual THA and TKA
analysis results, thus strengthening the association of increased

perioperative safety with the use of PNBs. Detailed data,
including forest plots are found in online supplemental tables
A2 and A3.

Secondary analyses

Subgroup analysis of trial design: RCT versus observational cohort
studies

For transparency reasons, subgroup analysis was provided to report
results stratified by trial design. As commonly described in current
literature, our data demonstrate a lack of sufficient RCT-based
evidence for adequate precision.** Generally, however, RCT-based
and observational-based results were compatible (tables 4 and 5).
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Table 3  GRADE summary of findings for total knee arthroplasty

Anticipated absolute effects* (95% Cl)

Relative effect

Participants Certainty of the evidence

Complications Risk with no PNB Risk with PNB (95%ClI) (studies) (n) (GRADE)
Mortality 1 per 1000 1 per 1000 OR 1.07 932102 1 0@)
(1to 1) (0.92 to 1.24) (5 RCTs, 5 observational studies) low
Cardiac without Ml 23 per 1000 19 per 1000 OR0.83 720282 (21110
(19 to 20) (0.79 to 0.86) (7 RCTs, 4 observational studies) moderatet
M 10 per 1000 6 per 1000 OR 0.57 1360 @)
(2t018) (0.18 t0 1.78) (7 RCTs, 1 observational study) moderatet
Pulmonary 12 per 1000 10 per 1000 OR0.84 721469 [2111@)
(910 10) (0.79 t0 0.89) (16 RCTs, 5 observational studies)  moderatet
Respiratory failure 41 per 1000 16 per 1000 OR0.37 1246 DDDD
(810 31) (0.18 t0 0.75) (9 RCTs, 4 observational studies) hight
Pneumonia 22 per 1000 26 per 1000 OR 1.15 705 [21:1:1@)
(11 to 60) (0.47 t0 2.80) (6 RCTs) moderatet
Gastrointestinal 4 per 1000 3 per 1000 OR 0.93 720230 (21110
(3to4) (0.83 t0 1.04) (7 RCTs, 2 observational studies) moderatet
Renal 15 per 1000 14 per 1000 OR 0.96 720111 00O
(13to0 15) (0.91 t0 1.02) (3 RCTs, 3 observational studies) low
Renal failure 26 per 1000 21 per 1000 OR 0.82 685 (21110
(810 52) (0.32 t0 2.04) (3 RCTs, 2 observational studies) moderatet
Cognitive dysfunction 130 per 1000 72 per 1000 OR 0.52 1563 DDODD
(48 to 107) (0.34 t0 0.80) (8 RCTs, 4 observational studies) high
Delirium 143 per 1000 69 per 1000 OR 0.44 899 DOODD
(36 to 128) (0.22 t0 0.88) (3 RCTs, 2 observational studies) high
Stroke 1 per 1000 1 per 1000 OR 0.95 719734 100
(1to 1) (0.76 t0 1.18) (3 RCTs, 1 observational study) lowt
Surgical site infection 10 per 1000 9 per 1000 OR 0.86 796090 0@
(8t09) (0.80 t0 0.91) (18 RCTs, 7 observational studies)  low
Any infection 21 per 1000 16 per 1000 OR 0.77 789622 o000
(16t0 17) (0.73 t0 0.80) (8 RCT, 3 observational studies) low
Sepsis 5 per 1000 6 per 1000 OR 1.37 433 00
(110 32) (0.27 to 7.05) (2 RCTs, 1 observational study) low*$
Thromboembolism 11 per 1000 10 per 1000 OR 0.90 790835 OO
(9to0 10) (0.84 t0 0.96) (17 RCTs, 6 observational studies)  low
Perioperative nerve injury 6 per 1000 7 per 1000 OR 1.02 (0.59t0 1.76) 8590 (1:10@)
(4to11) (1 observational study) low
Blood transfusion 165 per 1000 152 per 1000 OR 0.91 1250014 21110
(151 to 154) (0.90 t0 0.92) (3 RCTs, 3 observational studies) moderatet
Blood loss MD 42.53 lower - 890 DODD
(52.08 lower to 32.98 lower) (8 RCTs, 2 observational studies) high
Critical care admission 67 per 1000 72 per 1000 OR 1.07 719767 (21 10@)
(70 to 74) (1.04 t0 1.10) (2 RCTs, 2 observational studies) low
Readmission 52 per 1000 35 per 1000 OR 0.66 146453 (21:10@)
(32 t0 37) (0.61 to 0.70) (3 observational studies) low
Length of stay MD 0.02 higher - 86770 00
(0.01 lower to 0.04 higher) (37 RCTs, 21 observational studies) lowt#

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.
*The risk in the intervention group (and its 95% Cl) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% Cl).

t Optimal Information Size (OIS) low.
tHeterogeneity detected.

GRADE, Grading of Recommendations Assessment, Development, and Evaluation; MD, mean difference; MI, myocardial infarction; PNB, peripheral nerve block; RCT, randomized

controlled trial.

Subgroup analysis based on primary anesthesia technique

Sample sizes varied substantially among the subgroups with the
most homogenous groups of NA only and GA only emerging
as rather small. Nevertheless, comparison among these two
more stringently stratified groups, revealed some differences.
The effect size for the reduction in cognitive dysfunction was

greater in the PNB groups receiving GA compared with NA.
Moreover, odds for pulmonary complications and respiratory
failure were substantially reduced when PNB was used with
GA as the primary anesthetic, while this was not observed
in the PNB with NA group. Comparison involving the two
larger groups (any GA and GA+NA) showed that results were
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Table 4 The perioperative impact of anesthesia technique with or without peripheral nerve block use in total hip arthroplasty

Primary analysis

Subgroup analysis

Complications Total OR (95% Cl) N Observational OR (95% CI) N RCT OR (95% CI) N
Mortality® *® 0.61 (0.36 to 1.04) 342826 0.61 (0.36 to 1.04) 342826

Cardiac without M6 %36 0.84 (0.76 t0 0.93)* 342941 0.84 (0.76 t0 0.93)* 342826 0.20 (0.01 to 4.18) 115
Myocardial infarction 1.00 (0.14 t0 7.19) 277 1.00 (0.14 t0 7.19) 277
Pulmonary® *€ %6 6567 0.70 (0.60 to 0.81)* 343198 0.71 (0.62 t0 0.83)* 342826 0.34(0.16 t0 0.73)* 372
Respiratory failure*® -7 0.36 (0.17 to 0.74)* 357 0.49 (0.04 to 5.58) 100 0.35 (0.16 to 0.75)* 257
Pneumonia®® 0.33 (0.01 to 8.35) 115 0.33 (0.01 to 8.35) 115
Gastrointestinal®*® 0.55 (0.43 t0 0.70)* 342841 0.55 (0.43 to 0.70)* 342726 0.50 (0.04 to 5.67) 115
Renal® 0.67 (0.59 t0 0.76)* 342826 0.67 (0.59 to 0.76) 342826

Renal failure® 0.33 (0.01 to 8.21) 100 0.33 (0.01 to 8.21)* 100

Delirium?8 6 81-83141 0.30 (0.17 t0 0.53)* 723 1.53(0.24 0 9.59) 100 0.25(0.14 to 0.46)* 623
Stroke® 0.83 (0.53 to 1.29) 342726 0.83 (0.53 to 1.29) 342726

Surgical site infection 0.55 (0.47 to 0.64)* 343091 0.55 (0.47 to 0.64)* 342826 0.58 (0.08 to 4.47) 265
Any infection®>® 0.71 (0.65 to 0.78)* 342841 0.71 (0.65 to 0.78)* 342726 0.33 (0.01 to 8.35) 115
Sepsis® 0.32 (0.03 t0 3.16) 203 0.33(0.01 t0 8.21) 100 0.32 (0.01 to 8.06) 103
Thromboembolism® ¢ 13 142 0.74 (0.58 to 0.96)* 342955 0.73 (0.57 to 0.95)* 342726 1.73 (0.22 t0 13.27) 229
Perioperative nerve injury 0.72 (0.38 to 1.35) 11118 0.61 (0.30 to 1.26) 11118

Blood transfusion® 268111 112 0.84 (0.83 to 0.86)* 873079 0.84 (0.83 to 0.86)* 872815 1.19 (0.66 to 2.16) 264
Blood losst'4266 6783114118 10.61 (-4.28 to 25.50) 454 40.00mL (-56.81 to 136.81) 62 9.90mL (-5.18 t 0 24.97) 392
Critical care admission®* 0.91 (0.86 t0 0.95)* 342885 0.91 (0.86 to 0.95)* 342726 0.29 (0.01 to 5.77) 159
Length of stayt —0.36 (-0.42 to —-0.31)* 872 -0.12days (-0.20 to —0.03)* 205 -0.55days (-0.63 to —0.48)* 667

90 14456 103 118 121-123 145-147

Pulmonary: pulmonary complications excluding pneumonia.

CNS: central nervous system complications.

All infections: all infections including pneumonia and sepsis.

N (NA/GA): total number of patients with neuraxial/general anesthesia.
*P<0.05.

tContinuous outcomes reported as mean difference.

MI, myocardial infarction; RCT, randomized controlled trial.

generally consistent with the primary analysis. However, the
observed effects appeared to be consistently stronger in groups
involving PNB with GA.

Sensitivity analysis investigating a potential impact of ERAS
pathways

A post-hoc analysis was performed to investigate whether the
effects observed in the context of PNB use could have been
driven by emerging clinical ERAS pathways. Studies were there-
fore stratified into before and after 2017 taking into account
the potential impact of ERAS protocols.®® In an alternative
approach, studies were also separated into those reporting
average LOS<3versus LOS=3 days. However, this stratifica-
tion proved to be unpracticable, because the lack of consistent
LOS reporting rendered a loss of 60% of the study sample. In
subgroup analysis by publication year, significant PNB effects
were only observed in studies before the cut-off of 2017, most
likely reflecting the relative scarcity of recent studies published
after 2017. Nevertheless, results from the primary analysis
indicated very minor differences in LOS with or without PNB
use in terms of size of effect, with unlikely clinical significance.
This lack of significant reduction in LOS with the use of PNBs
does not appear to support the notion that the observed PNB
effects may be substantially driven by ERAS measures. Never-
theless, clinical ERAS pathways may contribute to the improve-
ment of outcomes observed with PNB use. As more evidence
emerges, ERAS may prove to be significant driver of improved
outcomes.

DISCUSSION AND RECOMMENDATIONS

The current analysis demonstrates that PNB utilization was asso-
ciated with reduced odds for numerous serious complications
with critical impact on perioperative patient health in THA
and TKA. The strongest effects were found in reduced odds for
respiratory failure and cognitive dysfunction. The confidence
in a beneficial impact of PNB use is strengthened by the large
consistency of significantly reduced complication, independently
observed among THA and TKA patients. Furthermore, the
quality of evidence is strengthened considering the potential pres-
ence of two factors that would likely decrease the observed PNB
effect. First, NA as the primary anesthetic would be expected to
obscure an independent PNB effect based on similarities in basic
features. Second, patients with a higher comorbidity burden may
more readily receive PNBs.** ¥ If indeed the case, this may have
decreased the observed PNB effect.

From evidence to recommendations

Conclusions were based on the following factors: (1) evidence
was largely in favor of the PNB intervention, (2) results were
generally consistent among both patient populations and in
subgroup analyses, (3) the desirable effects of the intervention
significantly outweigh the potentially undesirable ones, (4) the
intervention is feasible given that institutional resources and
physician training are provided, (5) the intervention is accept-
able to stakeholders and clinically feasible and finally (6) the
intervention is in alignment with patient preferences based on
improved postoperative outcome.*’
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Does PNB use influence postoperative complications in THA?
The utilization of PNB versus anesthesia without PNB was asso-
ciated with lower complication odds for most studied outcomes
(table 2).

Recommendation
PNB for perioperative pain management should be considered
for THA patients when there is no contraindication. Further-
more, the alignment of clinician skills, practice location, and
other resources needs to be ensured.

Level of evidence: moderate

Strength of recommendation: strong.

Does PNB use influence postoperative complications in TKA?
The utilization of PNB versus anesthesia without PNB was asso-
ciated with lower complication odds for most studied outcomes
(table 3).

Recommendation
Use of a PNB is recommended for patients undergoing TKA
except when contraindications preclude their use. Furthermore,
the alignment of clinician skills, practice location, and other
resources needs to be ensured.

Level of evidence: moderate.

Strength of recommendation: strong.

Rationale

Based on the current findings and the grading of the level of
evidence, the group reached consensus on the recommendations
in favor of PNB use as stated above (94% agreed, 4% disagreed,
2% abstained). Considering factors integrated by the GRADE
approach for the development of recommendations, the strength
of the recommendation was determined as strong.

Several limitations need to be considered. According to the
PICO question, the inclusion of observational data was essen-
tial because of considerable imprecision in RCT evidence, a
typical issue preventing RCTs from providing high-quality
evidence on unexpected and rare adverse events.”> Limitations
of observational evidence, however, should be viewed in light
of the fact that confounding may be less of a threat to validity
when researching serious or unexpected events."> Moreover,
confounding by indication primarily influences treatment deci-
sions that relate to expected or intended outcomes of benefit."?

The analysis included unadjusted data because of the lack of
consistency in reporting, which also impeded our attempt to
apply inverse variance.

Given the primary focus on the impact of PNBs on critical
postoperative complications, other outcomes of importance—
but not directly critical to the postoperative health condi-
tion—such as patient satisfaction, pain perception, opioid
consumption, postoperative nausea and vomiting, quality of life,
and functional and recovery parameters require separate anal-
yses and were not addressed here.

The investigation of differences in intervention effects based
on individual block techniques or specific comparators (including
LIA, periarticular infiltration, intrathecal opioid use, intravenous
analgesia, and patient controlled intravenous analgesia) was
not feasible. Reasons included, the lack of systematic reporting
causing inadequate subgroup information size and incomplete
evidence synthesis in the context of a systematic literature review.
Thus, data analysis providing adequate evidence on the impact
of individual block types, LIA, or other comparators requires
a customized methodology, targeted towards systematically

capturing evidence on these interventions. However, impli-
cations of PNB effects in the context of major complications
include factors such as mitigation of the surgical stress response,
reduced anesthetic, and opioid requirement, as well as improved
recovery and mobilization. These represent general features of
PNBs and are not necessarily specific to individual block tech-
niques. Furthermore, as a low-risk, high-yield procedure, future
studies should investigate the perioperative impact of LIA with
and without PNBs. Similarly, as ERAS measures may imply
higher levels of care in association with PNBs, more research
is needed as these clinical pathways could emerge as significant
drivers of postoperative outcomes.

In accordance with GRADE, predefined outcomes were reas-
sessed after the completion of evidence summaries.

In this process, anectodal reporting rather than systematic
surveillance of perioperative nerve injury among individual
RCTs prevented a complete evidence synthesis. Thus, selec-
tive reporting (ie, reporting of nerve injury based on its occur-
rence in patients receiving PNB) consequentially resulted in
serious risk of bias, evident in funnel plots without random
distribution. Further, an estimate of effect was falsely shifted
in favor of published studies with inconsistent nerve injury
surveillance. Substantially differing results between RCT and
observational data further affirmed selective reporting. Given
the rareness and nature of nerve injury, observational and
registry data provide the most robust evidence in this context.
For the analysis, the focus was therefore placed on the estimate
of effect from observational, rather than RCT data.” Current
literature confirmed this approach, showing equal results for
the incidence of nerve injury.>*™** Fortunately, most injuries are
transient, subclinical, and may indeed not always be related to
PNB* but potentially linked to surgical and patient-related
factors. > 244

Nevertheless, for transparency reasons RCT data are reported
in online supplemental appendix A2.

Current evidence allows the conclusion that regional anes-
thesia provides satisfactory anesthesia and analgesia for many
procedures, that indications and applications are increasing,
and advances in training and techniques continue to emerge.*
Because of the low incidence of block related nerve injury (0.4
per 1000 blocks)** and the common recovery from these injuries,
the group believes that the numerous benefits of PNB outweigh
the potential risk for harm.

Outcomes reflecting resource utilization including, critical care
admission, and LOS represent rather weak surrogate markers of
an independent PNB impact.*’ *® The overall reduced complica-
tion risk observed with PNB use may indicate a stronger asso-
ciation of LOS and critical care utilization with other factors,
including institutional practices and resource availability. These
outcomes were therefore considered of limited importance for
the development of recommendations.*’

Cost of care could not be adequately analyzed due to lack of
evidence.

A fixed effects model was used, based on the assumption that
the underlying magnitude of treatment effect was considered
similar across patients, outcomes, and interventions. As such, the
study populations were restricted and largely homogenous and
the outcomes of interest were considered largely standardized
with limited margin for differential outcome measurement or
interpretation. Furthermore, a largely consistent PNB effect was
anticipated with regards to serious complications (eg, suppres-
sion of the systemic stress response to surgical trauma, reduced
need for anesthetic medications and interventions), which should
not significantly differ between individual block types. The fixed
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effect approach is nevertheless limited by the residual risk for
between-study clinical heterogeneity.

Finally, despite efforts to investigate and account for possible
publication bias in the context of GRADE, residual risk for
type-1 error based on heterogeneity and positive publication
bias cannot be entirely eliminated in meta-analyses. Neverthe-
less, this body of work provides a comprehensive and up-to-date
synthesis and analysis of the current literature.

In conclusion, the current body of evidence is in favor of PNB
utilization for patients undergoing THA and TKA. Quantitative
and qualitative analysis demonstrated reduced odds for numerous
major postoperative complications. Moreover, the consensus
group found that desirable intervention effects outweigh the
undesirable effects, that the intervention is acceptable to stake-
holders, clinically feasible, and that PNB use is in alignment with
patient preferences in terms of improved outcome.

Executive summary

Does the use of a PNB influence postoperative complications in
patients undergoing THA?

The utilization of PNBs compared with anesthesia without PNB
use was associated with lower odds for numerous major postop-
erative complications (tables 2 and 4).

Recommendation
PNB for perioperative pain management should be consid-
ered for THA when there is no contraindication. Furthermore,
the alignment of clinician skills, practice location, and other
resources needs to be ensured.

Evidence level: moderate, strong recommendation.

Does the use of a PNB influence postoperative complications in
patients undergoing TKA?

In patients undergoing TKA, the use of PNBs was associated
with significantly decreased odds for numerous major postoper-
ative complications (tables 3 and 5).

Recommendation
Use of a PNB is recommended for patients undergoing TKA
except when contraindications preclude their use. Furthermore,
the alignment of clinician skills, practice location, and other
resources needs to be ensured.

Evidence level: moderate, strong recommendation.
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