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ABSTRACT 1 

Background:  2 

Femoral nerve blocks have been the gold standard approach for post-operative analgesia 3 

following total knee arthroplasty; however, the adductor canal block has recently gained 4 

popularity due to less block-induced motor weakness. The primary aim of this time-series 5 

analysis was to identify whether regional anesthesia practice changes have occurred for total 6 
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knee arthroplasty. Our secondary aim was to assess for possible associated changes in safety and 1 

quality. 2 

Methods:  3 

Using a 20-member clinical registry, we examined the practice patterns and safety around the 4 

performance of adductor canal blocks for all total knee arthroplasties between July 18, 2011 to 5 

October 9, 2015. To obtain more information about changes in quality associated with this 6 

practice transition, we analyzed clinical outcomes data surrounding all primary total knee 7 

arthroplasties from the largest contributing institution. 8 

Results: 9 

6,921 blocks were performed for 4,822 primary and revision TKAs. Across the registry, adductor 10 

canal block utilization for TKA increased. This was not associated with any increase in 11 

immediate or recovery room related complications. When analyzing unilateral primary TKAs 12 

from the largest surgical volume center (n=766), there were no statistically significant changes in 13 

numeric rating scale scores (5.4 to 4.6, p value = 0.004), length of stay (3.0 to 2.8 days, p value = 14 

0.3), or 30-day hospital revaluations for pain (2.8% to 4.9%, p value = 0.1).  15 

Conclusion:  16 

There was a large increase in the utilization of ACB for TKAs among participating registry 17 

members. This change in practice was not associated with significant changes in safety or 18 

quality. 19 

Editorial Comment: 20 

This clinical registry report demonstrates a large increase in the utilization of Adductor Canal 21 

Blockade (ACB) for postoperative analgesia after total knee arthroplasty.  The observed change 22 

in practice was not associated with significant changes in safety or quality. 23 

INTRODUCTION 24 

Effective postoperative analgesia is important for functional recovery after total knee 25 

arthroplasty (TKA). Peripheral regional anesthesia involving the femoral nerve has been the gold 26 

standard non-opioid based approach for nearly two decades. Femoral nerve blocks (FNB) have 27 
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been shown to improve analgesia in comparison to intravenous patient-controlled analgesia 1 

(PCA) or epidural alone.

The major limitation of FNB for TKA is the development of quadriceps muscle weakness, which 3 

has been illustrated in several studies by quantifying strength, or lack thereof, with objective 4 

measure through a dynamometer.

1 2 

6 FNB-induced quadriceps weakness may hamper rapid 5 

hospital discharge and contribute to delays in physical therapy and patient falls.2-7 These quality 6 

concerns have generated interest in regional anesthesia techniques that provide non-inferior 7 

analgesia while minimizing muscle weakness.4-7 One such approach, the adductor canal block 8 

(ACB), has gained popularity since it is thought to provide adequate sensory blockade while 9 

sparing motor innervation.6,7 The ACB involves the injection of local anesthesia into the sub-10 

sartorial fascial planes in the mid-thigh.8 Although uncertainty surrounds the exact mechanism(s) 11 

of analgesia from an ACB, the block has been found to provide non-inferior analgesia compared 12 

to a FNB following TKA.

With regard to regional anesthesia, little information exists on how rapidly new techniques are 14 

adopted into clinical practice following evidence-based research that justifies its application in 15 

academic centers. Given the aforementioned benefits of an ACB when compared to the previous 16 

gold standard (FNB), we hypothesized that ACB utili zation has increased within the regional 17 

anesthesia community. Using a multi-institutional clinical registry, the International Registry of 18 

Regional Anesthesia (IRORA – Appendix 1), our primary aim was to identify whether or not 19 

practice changes have occurred around the performance of FNB compared to ACB. Additionally, 20 

if practice changes have occurred, our secondary aim was to assess for possible associated 21 

changes in safety or quality.  22 

9,10 13 

METHODS 23 

The Dartmouth Committee for Protection of Human Subjects granted ethical approval for the 24 

study (CPHS#: STUDY00028930; approved by Jeremy van Hoff on 16 September 2015; 63 25 

South Main Street, Hanover, NH 03755, USA).  26 

The IRORA database uses a web-based interface to facilitate the collection and entry of data on 27 

quality of clinical practice where peripheral nerve blocks are performed.11 During this study 28 

period there were 20 contributing institutions. This registry has previously reported outcomes 29 
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including neurological and respiratory complications, local anesthetic systemic toxicity, patient 1 

satisfaction, and has been used to identify targets for quality improvement. Features of this 2 

clinical registry include: (1) a waiver of the entire consent process for data collection so that all 3 

eligible patients are captured minimizing selection bias; (2) a web-based data collection interface 4 

providing the ability to gather de-identified information (including demographics, block 5 

characteristics, and block-related morbidity events) from a large number of patients (each patient 6 

assigned an ID number); (3) a systematic process to ensure postoperative contact with all 7 

patients; (4) a defined follow-up and investigative pathway; (5) a clear definition and verification 8 

of all key outcomes; and (6) a data quality assurance process that includes site visits, interviews, 9 

and chart reviews.  10 

The IRORA database was interrogated to conduct a time-series analysis examining the practice 11 

patterns around the performance of ACBs for all total knee arthroplasties (primary, revision and 12 

bilateral) between July 18, 2011 to October 9, 2015.  Simple descriptive statistics were used to 13 

summarize block characteristics by hospital identifier. In order to gain insight into ACB 14 

performance and safety over time for the entire registry, we examined select variables using 15 

statistical process control (SPC) charts. SPC charts enrich simple aggregate data by examining 16 

temporal variation. Using standard SPC methods, we examined for special cause signals, which, 17 

if present, would suggest that the process is not in statistical control.12,13

Using a p chart, we first explored whether or not utili zation of ACBs changed for members of 19 

IRORA during the study period. This time block was further broken down into seventeen time 20 

intervals of approximately three months, which served as the unit of analysis for the SPC charts. 21 

Using a U-chart, we tracked total block related complications during this same time period for 22 

the entire registry.

  18 

11 Complications [immediate and in the post-anesthesia care unit (PACU)] 23 

include adverse events that occurred immediately after block placement as well as in the 24 

recovery room. These included unintended venous or arterial puncture, paresthesia, seizure, 25 

respiratory depression or compromise, pneumothorax, cardiac arrest, and fall events.14

IRORA does not currently track clinical outcomes related to health care quality beyond standard 27 

nerve block characteristics and complications. Thus, in order to gain insight into all possible 28 

changes (negative or positive) in quality associated with a changing ACB practice, we analyzed 29 

clinical outcomes data from a single member institution (Dartmouth-Hitchcock Medical Center 30 

   26 
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[DHMC]) that performs the largest volume of TKAs. DHMC was also chosen for quality 1 

analysis because, per clinical pathway, only one block is performed for each TKA. This 2 

simplifies the analysis and minimizes confounders when comparing a before and after time 3 

period around the transition from FNB to ACB. DHMC is a tertiary care academic medical 4 

center located in New Hampshire, U.S.A. The inclusive dates for the DHMC subset analysis was 5 

June 1, 2013 through June 1, 2015. For this analysis, a before and after time period was created 6 

and defined by the date when a clinical pathway was established at DHMC to replace FNBs with 7 

ACBs (policy launch June 1st, 2014). This policy was instituted after newly established research 8 

suggested that ACBs provide non-inferior analgesia when compared to FNBs, and have fewer 9 

associated complications (decreased quadriceps weakness, decreased length of stay).4-7,9,10 At 10 

DHMC, ACB are performed by entering into the sub-sartorial fascial plane in the mid-thigh and 11 

typically inject 15-30 mL of ropivacaine 0.35-0.5%. Beyond the transition from FNB to ACB, no 12 

other changes were made to the multi-modal analgesic pathway. The hospital’s electronic 13 

medical record (Epic Systems Corporation; Madison, WI) was used to gather specific quality 14 

metrics including worst reported Numeric Rating Scale score (NRS, 0-10 scale, where 0 = no 15 

pain, and 10 = worst imaginable pain) in the PACU, hospital length of stay, 30-day hospital re-16 

evaluation rates due to pain, and inpatient fall events.15

For this aggregate comparison, binary data were analyzed with the χ². Continuous data were 27 

analyzed using a two-sample t-test. For aggregate comparisons, alpha was set at 0.01 to adjust 28 

for multiple comparisons. To characterize analgesic quality over time for DHMC, we also 29 

explored NRS scores using a XmR moving range chart to search for special cause signals.

 The registered nurse caring for the 17 

patient in the PACU documented scores throughout the patient’s recovery room stay. Inpatient 18 

fall events were recognized by querying Quantros (Quantros Inc.; Milpitas, CA), a third party 19 

server that tracks hospital-wide patient safety events. Thirty-day hospital reevaluation was 20 

defined as any patient discharged from their index TKA and then admitted to the hospital or 21 

reevaluated in the emergency room for treatment of pain related to their surgical site exceeding 22 

the analgesic benefit of prescribed opioids. The electronic medical record (EMR) was used to 23 

flag all thirty-day hospital readmissions and then a manual chart review was performed to 24 

establish whether the patient was readmitted for pain as per the aforementioned definition 25 

(Appendix 2).   26 

13  30 
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RESULTS 1 

During the period of study, 4,822 total knee replacements and 6,921 blocks were performed for 2 

primary and revision TKAs in the entire registry. 342 patients had a bilateral TKA and 348 3 

patients underwent revision TKA. There were 1,425 TKAs patients that received a combination 4 

of two or more blocks for postoperative analgesia (accounting for the finding of more blocks 5 

than patients recorded). For example, a patient could receive a combination of two or more 6 

blocks (femoral and sciatic) for post-operative analgesia. For the quality analysis using DHMC 7 

patients, there were no patients that had two or more blocks. This reflects the clinical practice at 8 

DHMC of offering only a single block consisting of either a femoral or adductor canal block. 9 

The majority of TKAs (77.8%) occurred at four hospitals: 1, 3, 11, and 15 (Table 1). DHMC 10 

represents the largest surgical volume and was identified as hospital 15. Table 1 summarizes, by 11 

hospital, the types of peripheral blocks placed for TKA. There is notable variation in practice 12 

regarding types of blocks and procedural volumes between institutions, although FNB and ACB 13 

constitute the majority in most cases. 14 

Figure 1 is a p chart demonstrating a significant increase in the utilization of ACBs collectively 15 

for the entire registry. A special cause signal (value above 3 sigmas of the running average) is 16 

identified at time-period 13, representing the changing practice pattern. Despite this substantial 17 

increase in ACB utilization, the types of complications and the complication rate for the entire 18 

registry remained relatively unchanged. This stability is reflected in a U-chart (Figure 2) 19 

summarizing the total number of PACU and immediate complications per 100 blocks for IRORA 20 

over time. There were no special cause signals, suggesting that the process was stable. 21 

For the DHMC subset analysis, 766 primary unilateral TKAs were analyzed (Table 2). The mean 22 

age was 64.8 years (SD 10.3); the mean body mass index was 32.9 (SD 7.9); and the proportion 23 

of females was 0.57. ACBs at DHMC were performed with the injection of local anesthesia into 24 

the sub-sartorial fascial planes in the mid-thigh using 15–30 mls (mean 27.4 mL) of ropivacaine 25 

0.35-0.5%. Femoral nerve blocks included both single shot blocks and continuous catheters.  26 

For the post-policy time period (Table 2), there were no statistically significant changes in 27 

DHMC reported mean PACU NRS pain scores (5.4 to 4.6, p value = 0.004), length of stay (3.0 28 

to 2.8 days, p value = 0.3), 30-day hospital revaluations for pain (2.8% to 4.9%, p value = 0.1), 29 
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or inpatient fall events (1 to 0, p value = 0.3). Figure 3 is the XmR chart for DHMC summarizing 1 

average NRS score and reveals no special cause signals.  2 

There were a total of 34 patients who had re-evaluations for pain in our cohort of 766 patients 3 

having unilateral primary TKA at DHMC. Of these 34 patients, 11 occurred in the pre-policy 4 

period with all having a femoral nerve block. There were 18 patients in the post-policy period 5 

who experienced a re-evaluation for pain, of which 17 received an adductor canal block and 1 6 

received a femoral nerve block. The details of these patients can be found in Appendix 2.   7 

DISCUSSION 8 

We found a large increase in the utilization of ACBs among the participating members of the 9 

IRORA. This increase was not associated with a significant change in the rate of immediate or 10 

PACU related block complications as assessed for the 20-member registry.  Additionally, when 11 

analyzing data from the largest volume center, we did not find clinically relevant changes in 12 

various standard quality metrics. Although there was a trend toward higher re-evaluations for 13 

pain following discharge, detailed chart reviews of these patients suggests that variable(s) 14 

unrelated to regional anesthesia were likely involved.  For instance, there were three patients 15 

who presented with severe pain related to hemarthrosis, which is clearly unrelated to the 16 

anesthetic approach.  17 

The Pediatric Regional Anesthesia Network (PRAN) is a multi-institutional registry that has 18 

evaluated safety and evolving practice patterns in pediatric anesthesia.16 For adult patients, 19 

IRORA shares many of the same scholastic objectives as PRAN.  Such research and analysis will 20 

likely be progressively important as the perioperative surgical home model matures.17,18

Our time-series analysis constitutes an observational study subject to confounding. There are 26 

likely many variables changing in the various complex health systems that could have influenced 27 

the relationship between ACB performance and our outcome metrics. Although large 28 

randomized control trials are still considered the gold standard for evaluating changes in clinical 29 

 The 21 

iterative process of making practice changes and assessing the impact on outcomes will facilitate 22 

the ability to provide high value care. We hope that the process of sharing data and outcomes 23 

used in this manuscript could serve as a framework upon which the anesthesia community can 24 

build. 25 
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practice and should be considered the highest level of evidence, we would like to emphasize that 1 

our  work  provides a  structure  for  how  we  can  study  safety  and  quality  of  regional 2 

anesthesia and pain medicine as a community using large datasets. We also followed standard 3 

methodological  processes for  analyzing  and  reporting  quality data over  time  that  have been 4 

used commonly with lean six-sigma techniques to minimize bias.19

In conclusion, we have summarized a changing clinical practice around the performance of 9 

ACBs for TKA.  From the data available to us, we can suggest that this changing practice has not 10 

been associated with clinically relevant degradations (or improvements) in safety or quality.   11 

 One possible confounder was 5 

the changing frequency of patients receiving more than one nerve block (Appendix 3); however, 6 

only unitary nerve blocks were used for DHMC, which was the reference center for the quality 7 

analysis (Table 2), thus effectively eliminating this as a possibility. 8 
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FIGURE LEGENDS: 1 

Figure 1: Adductor canal blocks as a proportion of all blocks for the entire registry graphed on a 2 

P chart. Each time block indicates an interval of 3 months. The solid black line indicates the 3 

running average. The dashed lines above and below the solid line signify the upper and lower 4 

control limits, respectively. A special cause signal is identified at time period 13, representing a 5 

significant increase in the utilization of adductor canal.  6 

Figure 2: Total number of immediate complications per 100 blocks for IRORA graphed on a U 7 

chart. The solid black line indicates the running average. The dashed line signifies the upper 8 

control limit. There were no special cause signals, suggesting that the process is stable. 9 

Figure 3: PACU pain scores over time at Dartmouth-Hitchcock Medical Center graphed on a 10 

XmR chart. The solid black line indicates the running average. The dashed lines above and 11 

below the solid line signify the upper and lower control limit, respectively. The vertical arrow 12 

indicates a change in practice to adductor canal blocks for total knee arthroplasty. There are no 13 

special cause signals, suggesting that the process is stable.  14 A
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APPENDIX 1: Hospitals contributing to IRORA database 

Hospital
 

Number of beds Teaching Institution 

   

Ballarat Hospital 220 Yes 

Christchurch Hospital 650 Yes 

DHMC 388 Yes 

Geelong Hospital 406 Yes 

Gold Coast Hospital 500 Yes 

John Flynn Hospital 326 Yes 

Lismore Base Hospital 250 No 

Logan Hospital 316 Yes 

Mater Adult Hospital 126 Yes 

Nambour Hospital 350 Yes 

Princess Alexandra Hospital 650 Yes 

Royal Brisbane and Women’s Hospital 929 Yes 

Royal Darwin Hospital 363 Yes 

St Vincent’s Private Hospital, Melbourne  500 Yes 

St. Vincent’s Hospital, Melbourne  350 Yes 

Tulane University Medical Center 365 Yes 

University Malaya Medical Centre 1109 Yes 

Waikato Hospital 600 Yes 

Wanganui Hospital 250 No 

Wellington Hospital 400 Yes 
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APPENDIX 2. Causes of Pain-Related Hospital Based Evaluation at DHMC 

within 4weeks of discharge from index TKA  

 

 

Patient # 

 

Age 

 

Sex 

 

BMI 

 

ASA 

 

Regional 

Block 

 

Associated findings  

 

Maximum 

NRS 

score in 

ED 

1 70 F 33.8 2 Femoral Knee edema  6 

2 55 F 36.3 2 Adductor Febrile, knee erythema  3 

3 53 M 52.4 3 Adductor Wound dehiscence 4 

4 57 M 23.7 2 Femoral Hemarthrosis 10 

5 63 M 27.6 2 Femoral Hemarthrosis  4 

6 67 F 31 2 Adductor No other findings 8 

7 70 F 38.2 2 Femoral Knee erythema 2 

8 67 F 30 2 Femoral No other findings 6 

9 66 F 37.3 3 Adductor No other findings 4 

10 63 M 36 2 Femoral Knee edema 4 

11 51 F 22.5 1 Femoral Knee edema 5 

12 58 F 36.9 3 Femoral No other findings 9 

13 73 F 35.8 2 Adductor No other findings 7 

14 61 M 43.5 3 Femoral No other findings 7 

15 56 F 21.5 3 Femoral Hemarthrosis 10 

16 73 M 26.5 2 Adductor No other findings 6 

17 57 F 25.4 3 Femoral No other findings 9 

18 55 F 26.8 3 Femoral No other findings 10 

19 50 F 30.1 2 Adductor Deep venous thrombosis 8 

20 65 F 49.5 3 Adductor Deep venous thrombosis 2 

21 71 F 21.7 2 Femoral Knee edema, erythema 6 

22 65 F 28.8 2 Adductor No other findings 10 

23 56 F 22.5 2 Adductor Febrile 3 

24 53 M 23.1 2 Adductor No other findings 5 

25 59 F 43.2 3 Femoral Knee erythema  8 

26 77 F 26.4 2 Adductor Wound dehiscence 5 

27 63 F 29.1 3 Adductor No other findings 10 
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28 66 F 34.2 3 Femoral No other findings 7 

29 68 M 40.5 3 Adductor No other findings 7 

30 69 M 30.9 3 Adductor Knee effusion 6 

31 75 M 29 3 Femoral No other findings 10 

32 62 M 29.2 2 Femoral Knee effusion  9 

33 71 F 40.6 3 Femoral Patellar dislocation  8 

34 

 

57 M 38 3 Femoral 

 

No other findings 

 

9 
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Table 1: Characteristics of regional anesthesia for TKA by hospitals in IRORA 

(2011-2015) 

 

Hospital 

TKA 

n (%) 

Adductor 

n (%) 

 

 

Femoral 

n (%) 

Sciatic π 

n (%) 

 

 

Other ¥ 

n (%) 

 

 

Catheter ∆ 

n (%) 

       

1 1,307 (27.1) 169 (11.9) 1,224 (30.6) 549 (54.7) 253 (49.7) 1,188 (39.6) 

2 2 (0.04) 0 (0) 2 (0.05) 0 (0) 0 (0) 1 (0.03) 

3 427 (8.9) 177 (12.5) 280 (7.0) 4 (0.39) 1 (0.19) 442 (14.8) 

4 221 (4.6) 63 (4.5) 165 (4.1) 147 (14.6) 21 (4.1) 122 (4.1) 

5 129 (2.7) 1 (0.07) 128 (3.2) 7 (0.69) 7 (1.4) 1 (0.03) 

6 19 (0.39) 0 (0) 21 (0.52) 0 (0) 2 (0.39) 1 (0.03) 

7 3 (0.06) 0 (0) 3 (0.08) 0 (0) 0 (0) 1 (0.03) 

8 67 (1.4) 4 (0.28) 53 (1.3) 8 (0.79) 15 (2.9) 49 (1.6) 

9 71 (1.5) 0 (0) 54 (1.4) 1 (0.09) 18 (3.5) 42 (1.4) 

10 16 (0.3) 0 (0) 13 (0.32) 2 (0.19) 3 (0.58) 6 (0.20) 

11 352 (7.2) 202 (14.3) 266 (6.7) 181 (18.0) 99 (19.4) 310 (10.4) 

12 189 (3.9) 138 (9.8) 179 (4.5) 93 (9.3) 37 (7.3) 189 (6.3) 

13 60 (1.2) 2 (0.14) 53 (1.3) 3 (0.29) 5 (1.0) 3 (0.10) 

14 2 (0.04) 0 (0) 2 (0.05) 1 (0.09) 0 (0) 0 (0) 

15 1,664 (34.5) 599 (42.4) 1,328 (33.2) 2 (0.19) 22 (4.3) 517 (17.2) 

16 114 (2.4) 6 (0.42) 108 (2.7) 0 (0) 0 (0) 63 (2.1) 

17 42 (0.87) 14 (0.99) 30 (0.75) 0 (0) 0 (0) 42 (1.4) 

18 122 (2.5) 26 (1.8) 83 (2.1) 6 (0.59) 26 (5.1) 10 (0.33) 

19 2 (0.04) 1 (0.07) 1 (0.03) 0 (0) 0(0) 1 (0.03) 

20 13 (0.27) 12 (0.84) 1 (0.03) 0 (0) 0 (0) 7 (0.23) 

       

Total 4,822 (100) 1,414 (100)  1004 (100)   
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3,994 (100) 509 (100) 2,995 (100) 

TKA = total knee replacement; includes primary unilateral and bilateral surgery, and revision 

π
 Sciatic block includes any approach from popliteal fossa to proximal gluteal region 

¥
Other block includes lateral femoral cutaneous, obturator, and lumbar plexus 

∆
Catheter refers to a continuous peripheral nerve block administered through a catheter 
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Table 2.  Practice comparison between pre and post adductor canal 

policy change for DHMC for primary unilateral TKA 

 

Pre-policy 

N=400 

Post-policy 

N=366 

p value¬ 

    

Adductor canal (n, %) π 4, 1.0% 323, 88.3% <0.001 

    

Femoral (n, %)¢ 396, 99.0% 43, 11.7% <0.001 

    

Local anesthetic volume 

(mean, SD) 29.9 (3.6) 

 

27.4 (4.9) 

 

<0.001 

    

NRS score (mean, SD)¥ 5.4 (3.6) 4.6 (3.8) 0.004 

    

Rescue block (n, %) 0 (0%) 1 (0.27%) 0.3 

    

Length of stay (mean, SD)£ 3.0 (1.5) 2.8 (1.8) 0.3 

    

30-day hospital re-

evaluation following TKA 

(n, %)∆ 

11, 2.8% 18, 4.9% 

 

0.1 

    

Inpatient fall events (n, %) 0, 0% 1, 0.27% 0.3 

DHMC = Dartmouth-Hitchcock Medical Center, TKA = total knee 

arthroplasty (primary and revision), THA = total hip arthroplasty (primary 

unilateral, N= 880) 
π
 Percentage that were adductor canal blocks by time period 

¢
 Percentage of all blocks that were femoral nerve blocks by time period 

(includes both continuous or single shot) 
¥
 Numeric Rating Scale (NRS) score for pain, max recording in recovery 

room, mean (sd) 
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∆
 Percentage of patients who experienced a hospital visit following 

discharge for pain related reasons, N=880 
£
 Length of stay in days, mean (sd) 


 Pre-policy June 1, 2013 to May 31, 2014; Post-policy June 1, 2014 to 

June 18, 2015 
¬
 Comparing pre-policy with post-policy; chi square for proportional data; two 

sample t-test for continuous data 

 Rescue blocks defined as blocks placed any time after the surgical 

procedure. 
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