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ABSTRACT

BACKGROUND: Trials comparing programmed, intermittent boluses (PIB) and continuous 

infusion in catheter-based nerve blocks found no analgesic differences. However, as these trials 

used equal doses of local anesthetic (LA), the time of action of each bolus was not accounted for. 

Therefore, the dose-sparing benefits of PIB may have been overlooked. We compared the 

analgesic effect of boluses administered in intervals resembling the time of action of each bolus 

with continuous infusion. We hypothesized that PIB provided non-inferior analgesia despite 

consuming less LA.

METHODS: Eighty-one patients undergoing fore- and midfoot surgery receiving a catheter-based 

sciatic nerve block were randomized to ropivacaine 0.2% as PIB of 10 mL every 8th hour or as 

continuous infusion, 6 mL.h-1. All participants could also receive boluses of 10 mL every 4th hour 

as needed. A non-inferiority randomized controlled design was used. Primary outcome was pain 

(VAS, 0-100mm) for 72 hours using area under curve (AUC) calculation. We assumed a linear 

relationship between mean VAS and AUC-VAS and used a non-inferiority margin of VAS=20 

mm, corresponding to AUC-VAS=1440 mm.h.

RESULTS: Mean difference in AUC-VAS was -416 mm.h (95% CI -1076 to 244; P = 0.217) 

between continuous infusion (mean AUC-VAS 1206 mm.h) and PIB (mean AUC-VAS 1621 

mm.h), establishing non-inferiority. Mean total LA consumption was significantly larger for 

continuous infusion compared to PIB ((468 mL (95% CI 458 to 478) vs 136 mL (95% CI 123 to 

148); P < 0.0001)).

CONCLUSIONS: PIB provided non-inferior analgesia compared to continuous infusion for 72 

postoperative hours despite using significantly less LA.

Editorial Comment: In this randomized trial the authors compared continuous infusion of local 

anaesthetic (LA) vs. programmed intermittent bolus in a catheter-based 72-hour sciatic nerve 

block, and found comparable analgesic efficacy, but less use of LA with the programmed bolus 

technique. The potential implication is a reduced risk of local and systemic toxicity of local 

anaesthetics with programmed intermittent technique, although this element was not investigated.

Keywords: Catheter-based nerve blocks, Programmed, intermittent boluses, Postoperative painA
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INTRODUCTION

Nerve block catheters provide excellent pain relief, reduce opioid consumption, and increase 

overall patient satisfaction.1-4 The local anesthetic (LA) is administered continuously or as boluses, 

either patient-controlled or given at specific time points. Trials comparing programmed, 

intermittent boluses (PIB) with continuous infusion either favored PIB or showed no intergroup 

differences.5-10 These trials used equal doses of LA resulting in bolus intervals geared towards 

frequent dosing, without considering the time of action of each bolus. Therefore, LA may have 

been given in excess. The degree of LA-induced neural toxicity increases in a time- and dose-

dependent manner.11 Therefore, it is important to reduce the time and dose in which neural tissue 

is exposed to LA. We propose that an infusion with PIB provided in time intervals resembling the 

time of action of each bolus has a great dose-sparing potential with little risk of compromising 

analgesia.                                                                                                                                                                                                                                                             

The aim of this randomized, controlled trial was to compare continuous infusion with PIB given in 

intervals matched to the action of each bolus. We hypothesized that during the first 72 

postoperative hours, PIB would provide non-inferior analgesia despite having lower accumulated 

consumption of LA compared to continuous infusion. We expected postoperative pain to be 

strongest immediately after surgery and to decline during the following days. When using a basal 

rate infusion, the patient receives LA even though this may not be necessary. We therefore 

included a third group of patients without a basal rate of LA infusion, who only received LA 

boluses on demand to validate the rationale of providing a basal rate of either PIB or continuous 

infusion. All participants could receive boluses on demand of the same volume within the same 

time interval. We expected the third group of patients to experience more events of breakthrough 

pain and thus request more LA boluses compared to the two other groups.
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METHODS

Before trial commencement, approvals were given by the Regional Scientific Ethics Committee, 

Capital Region, Denmark (Protocol ID: H-17021730. Address: Regionsgården, Kongens Vænge 2, 

DK-3400 Hillerød, Denmark. Chairperson responsible for protocol approval: Margit Sonne Bom. 

Date of approval: 7th of September 2017. Principal Investigator: Claus Behrend Christiansen), by 

the Danish Health and Medicines Authority (Protocol ID: 2017-002280-18. Date of approval: 18th 

of September 2017), and by the Danish Data Protection Agency (ID: NOH-2017-016). The trial 

was registered at the European Union Drug Regulating Authorities Clinical Trials Database, 

EUDRACT (ID: 2017-002280-18. Date of registration: 10th of July 2017). Written informed 

consent was obtained before trial interventions. Data collection was done at Nordsjællands 

Hospital and Bispebjerg Hospital from the 29th of November 2017 to the 1st of February 2019. 

Data collection ended when the planned number of participants had completed the trial. Trial 

conduction was monitored by the regional unit of Good Clinical Practice (Capital Region of 

Denmark, Copenhagen University). The study is reported according to the extension of the 

CONSORT Statement Reporting of Non-inferiority and Equivalence Randomized Trials.12

Patients

We screened patients who were scheduled for elective, surgery of the fore- and midfoot: Lapidus, 

Chevron/Akin osteotomy and arthrodesis of the metatarsophalangeal joint. Inclusion criteria were 

ASA score 1-3, age above 18 years, and capability of understanding oral and written Danish 

information. Exclusion criteria were any use of opioids within 3 months before surgery, allergy to 

LA, pregnancy or breastfeeding.

Peripheral nerve block catheters

Catheters were inserted by a member of the investigator team either pre- or postoperatively, 

depending on the time of surgery on the day and patient preference. We inserted a single-orifice, 

suture-method peripheral nerve catheter (Certa Catheter™, radius of curvature 50 or 75 mm, 

length of needle 100 or 160 mm; Ferrosan Medical Devices, Szczecin, Poland), using a previously 

described technique.13-17 The insertion site was prepared with chlorhexidine 0.5% and sterile 

drapes. We placed the catheter short axis at the bifurcation of the sciatic nerve in the popliteal 

fossa using an ultrasound-guided, lateral-to-medial, needle in-plane technique and a 13-16 MHz A
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linear probe (Sonosite SII, Fuji Film Sonosite Inc., Washington, USA). LA infiltration with 

mepivacaine 2% and adrenaline 5 µg.mL-1 (Carbocaine-Adrenaline, AstraZeneca A/S, Denmark) 

was done before skin punctures. Small injections of isotonic saline through the needle were used 

to help visualize the needle tip. When a small injection of isotonic saline resulted in perineural 

spread of both components of the sciatic nerve, the needle was advanced beyond the sciatic nerve 

to exit the skin on the medial side of the nerve. After exiting the skin, the needle was discarded, 

leaving only the catheter in situ. Then, catheter placement was adjusted by pulling either end of 

the catheter under in plane ultrasound-guided visualization of the catheter. When a small injection 

of isotonic saline through the catheter resulted in perineural spread to both components of the 

sciatic nerve, we left the catheter in place and fixated the catheter ends with transparent film 

adhesives (Tegaderm™, 3M A/S, Copenhagen, Denmark). Finally, we attached a filter (Perifix® 

filter 0.2 µm, B Braun Medical A/S, Frederiksberg, Denmark) and injected a single bolus of 

ropivacaine 0.5% (Ropivacaine, Fresenius Kabi, Copenhagen, Denmark), 15 mL, through the 

catheter.

All patients also received a single injection of ropivacaine 0.5%, 10 mL, close to the saphenous 

nerve immediately after the insertion of the popliteal sciatic nerve block catheter. We used a short 

bevel 70- or 90-mm needle (Temena USB Evolution, Temena GmbH, Felsberg, Germany) and an 

ultrasound-guided, needle-in-plane, mid-femoral, lateral-to-medial technique with the nerve 

visualized in short axis, as described before.18-20

All nerve block procedures were followed by tests of sensory and motor nerve block. We did this 

to confirm initial placement of the sciatic nerve block catheter, to test the saphenous nerve block, 

and as part of the instructions to the patients of assessing sensory and motor nerve block at home.

Perioperative pain management

Preoperatively, patients received paracetamol 1 g and ibuprofen 600 mg. Patients were either fully 

awake and operated only with the use of the peripheral nerve blocks, or patients were in general 

anesthesia using intravenous propofol and remifentanil as well as fentanyl before ending surgery. 

Lastly, some patients received spinal anesthesia. The anesthetic perioperative technique was at the 

discretion of the attending anesthetist under consideration of operation theatre logistics and patient 

preference. Furthermore, local infiltration analgesia was given at the incision site by the surgeon.A
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Trial interventions

Patients were randomized to receive one of three perineural infusions using ropivacaine 0.2%: 

1) Reference treatment (Comparator). Continuous infusion (CONT-INF): 6 mL.h-1. This infusion 

rate resembles infusion rates used in other trials.4,7,21 

2) Experimental treatment (Intervention). Programmed, intermittent boluses (PIB): Bolus 10 mL 

every 8th hour. The bolus interval was based on a dose-response trial exploring the effect of 

increasing volumes of ropivacaine 0.2% on sciatic nerve block duration.14

3) Alternative treatment (Active control). Boluses on demand with no basal infusion rate (BOL-

ON-DEM): Bolus 10 mL every 4th hour (lock-out time) as needed.

Furthermore, all participants in the CONT-INF and the PIB groups could receive additional 

boluses on demand of 10 mL every 4th hour (lock-out time) as needed. Infusions through the nerve 

block catheters were provided using electronic, non-disposable, portable infusion pumps (Micrel 

RhythmicTM Evolution, Micrel Medical Devices SA, Athens, Greece).

As a result of the pre-settings within the dosing-regimens, the minimum total volume of 

ropivacaine 0.2% administered during the 72 hours was 432 mL in the CONT-INF group, 90 mL 

in the PIB group and 0 mL in the BOL-ON-DEM group.

Postoperative pain management

Patients were discharged on the day of surgery and instructed to use paracetamol 1 g and 

ibuprofen 400 mg four times daily. Patients were instructed to release a bolus if they experienced 

severe pain. LA overdosing was prevented by the built-in lock-out time. In case of repeated 

ineffective boluses, patients were instructed to take one tablet of oxycodone 5 mg which could be 

repeated. Furthermore, patients were given utensils and instructions to remove the perineural 

catheters themselves on the evening of the third postoperative day.

Post-trial follow-up

All patients were evaluated postoperatively before discharge and contacted by phone by one of the 

investigators on each of the three postoperative days to guide and to remind patients of filling out 

the trial questionnaire continuously. Approximately two weeks after surgery, patients were A
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contacted to explore on adverse events. Furthermore, approximately 90 days after surgery a 

journal survey was done to investigate readmissions and potential adverse events.

Randomization, allocation concealment and blinding

An assistant not involved in other parts of the trial made the computer-generated block 

randomization (www.sealedenvelope.com) with equal number of subjects in each block (1:1:1). 

Opaque envelopes ensured allocation concealment. Each envelope contained the administration 

delivery method and were opened by trained nurses who also programmed the infusion pumps and 

connected the pumps to the patients. The nurses had no further contact with the participants. The 

infusion pumps did not display the infusion program, and both patients and investigators were 

therefore blinded throughout the trial period. Also, the delivery methods of BOL-ON-DEM and 

CONT-INF were made to deliver a sham bolus of 0.1 mL ropivacaine 0.2% every 8th hour 

(without lock-out time) to further mask the intervention.

Outcomes

Our primary outcome was pain during foot dorsi- and plantar flexion in the period of regional 

anesthesia (postoperative hours 1-72). In addition, we report pain at rest. Secondary outcomes 

were: 1) Opioid consumption; 2) Volume of boluses on demand. Explorative outcomes were: 1) 

Opioid-related side effects; 2) Number of bolus demands; 3) Pain level at bolus demand; 4) 

Degree of motor nerve block; 5) Degree of sensory nerve block; 6) Sleep quality; 7) Pain level at 

night; 8) Patient satisfaction level. Outcome parameters resemble the ones used in other trials 

investigating infusions in catheter-based nerve blocks.5,8-10 

All outcomes were based on a questionnaire, except for the volume of boluses on demand and 

number of bolus demands, which were recorded by the infusion pumps. The questionnaire was 

designed with 18 time points evenly spread out throughout the 3-day trial period with six time 

points on each day: Morning, late morning, mid-day, afternoon, evening, late evening. The first 

time period that was to be filled out was “afternoon” on the day of surgery. The last time period 

was “afternoon” on the third postoperative day. All pain scores, satisfaction levels and sleep 

quality ratings were reported using the visual analogue scale (VAS, 0-100 mm). These outcomes 

were noted on a 100-millimeter horizontal line with 0 being best (e.g. lowest pain) and 100 being 

worst.A
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Data from the infusion pumps were extracted manually to files stored on a secured server at 

Nordsjællands Hospital, Capital Region, Denmark. The software program “Micrelcare” (Micrel 

Medical Devices SA, Athens, Greece) was used for the extraction.

Assessments of motor and sensory nerve block were done as previously described.14 Motor block 

was tested using a subjective rating scale: Normal muscle function (grade 1), paresis (grade 2), or 

paralysis (grade 3). Sensory nerve block was assessed by the patients using a cold glass vial placed 

on the lateral part of the lower leg and under the foot. Cold sensation was graded and compared 

with the contralateral leg as either normal feeling (grade 1), different (grade 2), or as no sensation 

(anesthesia, grade 3). For both motor and sensory nerve block, the highest score found at each 

measurement was noted. We categorized patients into those with active blocks (grades 2 or 3, 

yes/no). Cold sensation has been validated as one of the best surrogate markers for an active nerve 

block. The highest degrees found at each measurement determined the degrees that were to be 

noted. Evaluations were categorized into active nerve blocks (sensory or motor, yes/no) on each 

postoperative day.

Statistical analyses

We used SPSS Software Package (IBM SPSS Statistics, Version 22.0.0, IBM Corporation, 

Armonk, NY, USA). Data were analyzed for missing data, and the mechanism of missingness was 

analyzed using Little’s test.22,23 Missing values were replaced using multiple imputation. The limit 

of imputation was set to 0.01%. Ten imputed data sets were created. All variables and patient 

demographics (sex, age, height, weight, BMI, and intervention) were used as predictors for 

imputation. All intergroup comparisons were done using the ten imputed data sets, and pooled 

estimates are reported.24

Our primary analysis was a comparison of pain for the first 72 postoperative hours between PIB 

and CONT-INF. We compared VAS by area under the curve (AUC) calculated by linear 

extrapolation between time points for pain measurements.25 AUC may be difficult to interpret 

clinically. Therefore, we also report the average pain score for the initial 72 postoperative hours: 

AUC/72.

For the intergroup comparisons of opioid consumption, we summarized the number of consumed 

tablets of oxycodone 5 mg. Likewise, we summated the volume and the number of boluses on A
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demands. For the intergroup comparisons of the pain level at bolus demand, we calculated the 

mean of the VAS.

Intergroup comparisons were done using independent samples t-test and Chi squared test. For the 

primary comparison, we decided the level of significance to be 5%. Because of the two pre-

defined secondary outcomes and the additional primary outcome of pain at rest, we adjusted the 

threshold for statistical significance according to the method suggested by Jakobsen et al.26 Thus, a 

P value below 0.05/((1+3)/2)= 0.025 was considered statistically significant for the additional 

primary outcome as well as the secondary outcomes. The remaining outcomes were labelled 

explorative, and therefore, for these outcomes, we decided not to correct the significance level. 

Likewise, any comparison with BOL-ON-DEM was considered explorative.

Due to non-standardized perioperative anesthetic methods, including the sporadic use of LA skin 

infiltration, there was a risk of baseline imbalance (random error). Therefore, we performed a post 

hoc multivariate regression analysis to test the association between the different perioperative 

anesthetic methods and outcomes.

Power calculation

It was not possible to retrieve adequate information on AUC-VAS measurements from existing 

literature to perform a power calculation. We therefore used information on mean VAS 

measurements with corresponding standard deviation (SD) under the assumption of a linearly 

proportional relationship between mean VAS and AUC-VAS and the corresponding SDs for time 

equidistant measurements for the time period of 72 h. We calculated the sample size needed to 

establish non-inferiority of PIB compared to continuous infusion (CONT-INF).27 Based on 

existing literature, we decided on a non-inferiority margin of 20 mm on mean VAS (corresponding 

to AUC-VAS of 1440 mm.h), a significance level of 5%, a power of 90% and an expected SD of 

25 mm for mean VAS (corresponding to SD of 1800 mm.h for AUC-VAS).8,9,12 Thus, to be 90% 

sure that the lower limit of a one-sided 95% confidence interval (or equivalently a 90% two-sided 

confidence interval) would be above the non-inferiority limit of -1440 mm.h for AUC-VAS, and 

thereby establishing credibility to the non-inferiority of PIB compared to continuous infusion in 

this trial, 27 patients were required in each group. To account for possible dropouts, a 

randomization list was made with a total of number of 90 (1:1:1 ratio). If needed, an assistant 

independent of the research group could draw extra numbers from the list until enough participants A
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in each group was reached. (Sealed Envelope Ltd. 2012. Power calculator for continuous outcome 

non-inferiority trial. Available from: https://www.sealedenvelope.com/power/continuous-

noninferior/).
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RESULTS

We randomized 86 patients. Of these, 27 patients in each intervention group were included in the 

final data analysis (CONSORT flow diagram, figure 1). Patient characteristics are outlined in table 

1. Thirty-eight patients were operated using peripheral nerve blocks only. Thirty-eight patients 

underwent general anesthesia and five patients received spinal anesthesia. Furthermore, 23 

patients received LA wound infiltration at the end of surgery. Proportions of missing data are 

outlined in table 2.

Primary outcome

Mean difference in AUC-VAS was -416 mm.h (95% CI -1076 to 244; P = 0.217) between CONT-

INF (mean AUC-VAS 1206 mm.h) and PIB (mean AUC-VAS 1621 mm.h) (table 3). Thus, the 

non-inferiority margin of -1440 mm.h was not crossed (non-inferiority diagram, figure 2). Figure 3 

illustrates mean pain scores during movement at each assessed time point.

Secondary outcomes

We found no differences in opioid consumption and summated volume of boluses on demand 

between PIB and CONT-INF (table 3). However, Group BOL-ON-DEM received a significantly 

higher summated volume of boluses on demand compared to the two other groups (table 3).

The summated volume of consumed LA was significantly different between all groups with 

CONT-INF receiving significantly more than the two other groups (table 3).

We observed no intergroup differences in the proportion of patients reporting opioid-related side 

effects (table 4). The average pain levels when requesting a bolus were slightly higher on 

postoperative day 2 compared to day 1 and 3 and without intergroup differences (table 4).

The number of patients with motor block was highest on day 1 (table 5). Throughout the days, 

from postoperative day 1 to 3, most of the patients reported motor block. Again, no intergroup 

differences were found. The same was evident for sensory block where all patients reported 

sensory block on day 0 and most of the patients for the remaining two postoperative days (table 5). 

For sensory block, no intergroup differences were found.

Explorative outcomesA
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Sleep quality, pain level at night and patient satisfaction level showed no intergroup differences 

(table 4). None of the participants reported signs of nerve injury, and there were no readmissions 

related to the regional anesthesia treatment.

The post hoc multivariate regression analysis showed no associations between outcomes and any 

of the included covariates.
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DISCUSSION

As hypothesized, PIB in intervals mimicking the time of action of each bolus provided non-

inferior analgesia but used 3.5 times less LA compared to continuous infusion.

Our results are in accordance with findings from previous similar trials,7,9 but with important 

differences: In both these trials the PIBs were administered every hour9 or every second hour,7 

which is a much shorter time interval than the expected duration of the nerve block. Furthermore, 

in both trials the volume of administered LA was intentionally chosen to be the same irrespective 

of whether LA was administered continuously or as PIB. We designed our study to show non-

inferiority with respect to pain but with a pre-planned much lower total LA administration in the 

PIB group. We also conducted measurements over 72 hours postoperatively, which is much longer 

than in the other mentioned trials. Other research groups have investigated continuous infusion vs. 

PIB in other regions but have also designed their studies to use the same amount of LA in both 

groups.28-31

Limitations

In the perioperative period, we chose a liberal trial design resulting in a variation of anesthetic 

techniques and timing of block procedures inserted either pre- or postoperatively. The trial was 

aimed to represent everyday clinical practice, which can be considered a strength. However, these 

variations may have influenced the level of postoperative pain, especially in the first few 

postoperative hours. We measured pain for three days and an initial imbalance should therefore 

level out. Our post hoc multivariate regression analysis showed no significant differences between 

groups in any of the treatment related covariates. The potential confounding of the different 

perioperative anesthesia methods should therefore be minimal.

For the included surgery, the main target was the sciatic nerve, but we could not identify the 

patients who would benefit from a saphenous nerve block before randomization in case the sciatic 

nerve block did not fully cover the targeted territory for surgery. It was therefore not possible to 

make any preoperative stratification and we had to rely on equal allocation of these patients 

between the three groups through randomization. However, this may have led to a risk of an 

uneven baseline distribution in the patients where substantial pain originated from the saphenous 

nerve territory. This may represent a relevant bias source when the block effect wore off.A
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All patients initially reported sensory block and almost all patients experienced motor block 

during the entire measurement period. This indicates correct initial placement of our catheters and 

that secondary displacement was not a major issue.

Most outcomes in the current trial were patient-assessed through a questionnaire, and although we 

reminded and instructed patients to fill out the questionnaire continuously, there is a risk of recall 

bias.

The missing data points on the outcomes of opioid consumption and pain at bolus demand being 

51% and 71%, respectively, are a major limitation. Although multiple imputation is proposed to be 

the best way of replacing missing data with the smallest risk of bias, this large degree of 

missingness substantially increases the risk of non-valid findings concerning these two 

outcomes.24 We propose that some patients assumed an empty space would be interpreted as “no 

pills taken”. However, this is explorative.

When pain levels are low, finding significant intergroup differences becomes more difficult. 

Patients in the current trial were well pain relieved. We knew this could be a challenge before 

commencing the trial. This was our main reason for including the control group receiving boluses 

on demand only. We expected a higher number of bolus demands in this group. This was the case 

compared to CONT-INF, but surprisingly not to PIB. This may be explained by the patients in the 

PIB group demanding boluses prophylactically. Especially this group is susceptible for 

prophylactic use of the pump as they could not hear the pump running in contrast to the CONT-

INF group.

Conclusions

In conclusion, PIBs resembling the time of action of each bolus, provided non-inferior analgesia 

compared to continuous infusion but with a 3.5 times less accumulated volume of LA.

A
cc

ep
te

d 
A

rt
ic

le



This article is protected by copyright. All rights reserved

ACKNOWLEDGEMENTS

We would like to express our gratitude to the staff of the departments of Anesthesia & Intensive 

Care and Orthopedic Surgery at Nordsjællands and Bispebjerg & Frederiksberg Hospitals. A 

special thanks to Martin Bitsch and Christian Meyhoff who facilitated and assisted trial 

conduction at Bispebjerg & Frederiksberg Hospital.

FUNDING:

This trial was funded by Innovation Fund Denmark (grant number 65-2014-3) and Nordsjællands 

Hospital (no grant number).

A
cc

ep
te

d 
A

rt
ic

le



This article is protected by copyright. All rights reserved

REFERENCES

1. Joshi G, Gandhi K, Shah N, Gadsden J, Corman SL. Peripheral nerve blocks in the management 

of postoperative pain: challenges and opportunities. J Clin Anesth 2016; 35: 524-9.

2. Ding DY, Manoli A, 3rd, Galos DK, Jain S, Tejwani NC. Continuous Popliteal Sciatic Nerve 

Block Versus Single Injection Nerve Block for Ankle Fracture Surgery: A Prospective 

Randomized Comparative Trial. J Orthop Trauma 2015; 29: 393-8.

3. Bingham AE, Fu R, Horn JL, Abrahams MS. Continuous peripheral nerve block compared with 

single-injection peripheral nerve block: a systematic review and meta-analysis of randomized 

controlled trials. Reg Anesth Pain Med 2012; 37: 583-94.

4. Zaric D, Boysen K, Christiansen J, Haastrup U, Kofoed H, Rawal N. Continuous popliteal 

sciatic nerve block for outpatient foot surgery--a randomized, controlled trial. Acta Anaesthesiol 

Scand 2004; 48: 337-41.

5. Jæger P, Baggesgaard J, Sørensen JK, Ilfeld BM, Gottschau B, Graungaard B, Dahl JB, 

Odgaard A, Grevstad U. Adductor Canal Block With Continuous Infusion Versus Intermittent 

Boluses and Morphine Consumption: A Randomized, Blinded, Controlled Clinical Trial. Anesth 

Analg 2018; 126: 2069-77.

6. Hillegass MG, Field LC, Stewart SR, Borckardt JJ, Dong L, Kotlowski PE, Demos HA, Del 

Schutte H, Reeves ST. The efficacy of automated intermittent boluses for continuous femoral 

nerve block: a prospective, randomized comparison to continuous infusions. J Clin Anesth 2013; 

25: 281-8.

7. Short AJ, Ghosh M, Jin R, Chan VWS, Chin KJ. Intermittent bolus versus continuous infusion 

popliteal sciatic nerve block following major foot and ankle surgery: a prospective randomized 

comparison. Reg Anesth Pain Med 2019; 44: 1053-8.

8. Taboada M, Rodriguez J, Bermudez M, Amor M, Ulloa B, Aneiros F, Sebate S, Gude F, Cortes 

J, Alvarez J, Atanassoff PG. Comparison of Continuous Infusion versus Automated Bolus for 

Postoperative Patient-controlled Analgesia with Popliteal Sciatic Nerve Catheters. Anesthesiology 

2009; 110: 150-4.

9. Taboada M, Rodriguez J, Bermudez M, Valino C, Ulloa B, Aneiros F, Gude F, Cortes J, 

Alvarez J, Atanassoff PG. A “New” Automated Bolus Technique for Continuous Popliteal Block: 

A Prospective, Randomized Comparison with a Continuous Infusion Technique. Anesthesia 

Analgesia 2008; 107: 1433-7.A
cc

ep
te

d 
A

rt
ic

le



This article is protected by copyright. All rights reserved

10. Oxlund J, Clausen AH, Venø S, Nielsen MD, Pall M, Strøm T, Toft P. A randomized trial of 

automated intermittent ropivacaine administration vs. continuous infusion in an interscalene 

catheter. Acta Anaesthesiologica Scandinavica 2018; 62: 85-93.

11. Verlinde M, Hollmann MW, Stevens MF, Hermanns H, Werdehausen R, Lirk P. Local 

Anesthetic-Induced Neurotoxicity. Int J Mol Sci 2016; 17: 1-14.

12. Piaggio G, Elbourne DR, Pocock SJ, Evans SJ, Altman DG, Group C. Reporting of 

noninferiority and equivalence randomized trials: extension of the CONSORT 2010 statement. 

JAMA 2012; 308: 2594-604.

13. Rothe C, Steen-Hansen C, Madsen MH, Lundstrøm LH, Heimburger R, Jensen KE, Lange 

KHW. A novel suture method to place and adjust peripheral nerve catheters. Anaesthesia 2015; 

70: 791-6.

14. Christiansen CB, Madsen MH, Rothe C, Andreasen AM, Lundstrøm LH, Lange KHW. 

Volume of ropivacaine 0.2% and sciatic nerve block duration: A randomized, blinded trial in 

healthy volunteers. Acta Anaesthesiol Scand 2020; 64: 238-44.

15. Christiansen CB, Madsen MH, Rothe C, Andreasen AM, Lundstrøm LH, Lange KHW. 

Volume of ropivacaine 0.2% and common peroneal nerve block duration: a randomised, double-

blind cohort trial in healthy volunteers. Anaesthesia 2018; 73: 1361-7.

16. Christiansen CB, Madsen MH, Mølleskov E, Rothe C, Lundstrøm LH, Lange KHW. The 

effect of ropivacaine concentration on common peroneal nerve block duration using a fixed dose: 

A randomised, double-blind trial in healthy volunteers. Eur J Anaesthesiol 2020; 37: 316-22.

17. Lyngeraa TS, Rothe C, Steen-Hansen C, Madsen MH, Christiansen CB, Andreasen AM, 

Lundstrøm LH, Lange KHW. Initial placement and secondary displacement of a new suture-

method catheter for sciatic nerve block in healthy volunteers: a randomised, double-blind pilot 

study. Anaesthesia 2017; 72: 978-86.

18. Grevstad U, Mathiesen O, Valentiner LS, Jaeger P, Hilsted KL, Dahl JB. Effect of adductor 

canal block versus femoral nerve block on quadriceps strength, mobilization, and pain after total 

knee arthroplasty: a randomized, blinded study. Reg Anesth Pain Med 2015; 40: 3-10.

19. Jæger P, Grevstad U, Henningsen MH, Gottschau B, Mathiesen O, Dahl JB. Effect of 

adductor-canal-blockade on established, severe post-operative pain after total knee arthroplasty: a 

randomised study. Acta Anaesthesiol Scand 2012; 56: 1013-9.

A
cc

ep
te

d 
A

rt
ic

le



This article is protected by copyright. All rights reserved

20. Bjørn S, Linde F, Nielsen KK, Børglum J, Hauritz RW, Bendtsen TF. Effect of Perineural 

Dexamethasone on the Duration of Single Injection Saphenous Nerve Block for Analgesia After 

Major Ankle Surgery: A Randomized, Controlled Study. Reg Anesth Pain Med 2017; 42: 210-6.

21. Zaric D, Jørgensen BG, Laigaard F, Christiansen J, Burchard E. Perisciatic infusion of 

ropivacaine and analgesia after hallux valgus repair. Acta Anaesthesiol Scand 2010; 54: 1270-5.

22. Schafer JL. Multiple imputation: a primer. Stat Methods Med Res 1999; 8: 3-15.

23. Schafer JL, Graham JW. Missing Data: Our View of the State of the Art. Psychological 

Methods 2002; 7: 147–77.

24. Jakobsen JC, Gluud C, Wetterslev J, Winkel P. When and how should multiple imputation be 

used for handling missing data in randomised clinical trials – a practical guide with flowcharts. 

BMC 2017; 17: 1-10.

25. Pruessner JC, Kirschbaum C, Meinlschmid G, Hellhammer DH. Two formulas for 

computation of the area under the curve represent measures of total hormone concentration versus 

time-dependent change. Psychoneuroendocrinology 2003; 28: 916-31.

26. Jakobsen JC, Wetterslev J, Winkel P, Lange T, Gluud C. Thresholds for statistical and clinical 

significance in systematic reviews with meta-analytic methods. BMC Medical Research 

Methodology 2014; 14: 1-13.

27. Julious SA. Sample sizes for clinical trials with normal data. Stat Med 2004; 23: 1921-86.

28. Monahan AM, Sztain JF, Khatibi B, Furnish TJ, Jaeger P, Sessler DI, Mascha EJ, You J, Wen 

CH, Nakanote KA, Ilfeld BM. Continuous Adductor Canal Blocks: Does Varying Local 

Anesthetic Delivery Method (Automatic Repeated Bolus Doses Versus Continuous Basal 

Infusion) Influence Cutaneous Analgesia and Quadriceps Femoris Strength? A Randomized, 

Double-Masked, Controlled, Split-Body Volunteer Study. Anesth Analg 2016; 122: 1681-8.

29. Thapa D, Ahuja V, Verma P, Gombar S, Gupta R, Dhiman D. Post-operative analgesia using 

intermittent vs. continuous adductor canal block technique: a randomized controlled trial. Acta 

Anaesthesiol Scand 2016; 60: 1379-85.

30. Chen L, Wu Y, Cai Y, Ye Y, Li L, Xia Y, Papadimos TJ, Xu X, Wang Q. Comparison of 

programmed intermittent bolus infusion and continuous infusion for postoperative patient-

controlled analgesia with thoracic paravertebral block catheter: a randomized, double-blind, 

controlled trial. Reg Anesth Pain Med 2019; 44: 240-5.

A
cc

ep
te

d 
A

rt
ic

le



This article is protected by copyright. All rights reserved

31. Mezzatesta JP, Scott DA, Schweitzer SA, Selander DE. Continuous axillary brachial plexus 

block for postoperative pain relief. Intermittent bolus versus continuous infusion. Reg Anesth 

1997; 22: 357-62.

A
cc

ep
te

d 
A

rt
ic

le



This article is protected by copyright. All rights reserved

FIGURE AND TABLE LEGENDS

Figure 1. CONSORT flow diagram.

Figure 2. Non-inferiority diagram.

AUC: area under the curve; CONT-INF: Continuous Infusion (reference); PIB: Programmed, 

Intermittent Boluses (intervention); CI: confidence interval; VAS: visual analogue scale. Error 

bars represent 2-sided 95% CI. The dashed line at -1440 =  indicates the non-inferiority margin. 

Because the 95% CI lies to the right of  and includes zero, the intervention treatment PIB is non-

inferior to the reference treatment CONT-INF.

Figure 3. Mean pain scores during movement at each assessed time point (T0-T18).

CONT-INF: Continuous Infusion (reference); PIB: Programmed, Intermittent Boluses 

(intervention); BOL-ON-DEM: Boluses on demand of 10 mL every 4th hour as needed and with 

no basal infusion rate; VAS: visual analogue scale (0-100 mm).

Table 1. Patient characteristics.

ASA: American Society of Anesthesiologists; (n): number of patients. All continuous parameters 

are reported as mean (standard deviation). All number of patients are presented within group 

column (percent).

Table 2. Missing data.

Little’s test for Missing Completely At Random (MCAR): For both pain during movement and at 

rest, Little’s test was significant (P < 0.005). Because the significance value is less than 0.05, we 

concluded that the data are not missing completely at random.  For all other outcomes Little’s test 

was non-significant.

Table 3. Primary and secondary outcomes.

All outcomes were assessed during postoperative hours 1-72. CONT-INF: Continuous infusion:  6 

mL.h-1; PIB: Programmed, intermittent boluses of 10 mL every 8th hour; BOL-ON-DEM: Boluses 

on demand of 10 mL every 4th hour as needed and with no basal infusion rate; mL: milliliters; 
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mm: millimeters. VAS: Visual Analogue Scale, 0 mm = best and 100 mm = worst. All continuous 

outcomes are reported as means with corresponding (95% confidence interval).

Table 4. Explorative outcomes.

All outcomes were assessed during postoperative hours 1-72. CONT-INF: Continuous infusion:  6 

mL.h-1; PIB: Programmed, intermittent boluses of 10 mL every 8th hour; BOL-ON-DEM: Boluses 

on demand of 10 mL every 4th hour as needed and with no basal infusion rate; mL: milliliters; 

mm: millimeters. VAS: Visual Analogue Scale, 0 mm = best and 100 mm = worst. All continuous 

outcomes are reported as means with corresponding (95% confidence interval).

Table 5. Assessments of motor and sensory nerve block.

All outcomes were assessed during postoperative hours 1-72. CONT-INF: Continuous infusion:  6 

mL.h-1; PIB: Programmed, intermittent boluses of 10 mL every 8th hour; BOL-ON-DEM: Boluses 

on demand of 10 mL every 4th hour as needed and with no basal infusion rate; mL: milliliters; 

mm: millimeters. VAS: Visual Analogue Scale, 0 mm = best and 100 mm = worst. All continuous 

outcomes are reported as means with corresponding (95% confidence interval).
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Table 1. Patient characteristics. 

  CONT-INF PIB BOL-ON-DEM 

  Reference Intervention Active control 

Number of included patients 27 27 27 

Characteristics    

 Age (years) 55 (14) 56 (15) 56 (12) 

 Female (n) 23 (85%) 20 (74%) 23 (85%) 

 Male 4 (15%) 7 (26%) 4 (15%) 

 ASA-classification (n)    

  

Class 1 

Class 2 

Class 3 

14 (52%) 

12 (44%) 

1 (4%) 

13 (48%) 

14 (52%) 

0 (0%) 

12 (44%) 

13 (48%) 

2 (7%) 

 Height (centimeters) 168 (6) 169 (7) 171 (8) 

 Weight (kilogram) 72 (12) 78 (16) 72 (13) 

 Body mass Index (kg.m-2) 25 (4) 26 (5) 24 (3) 

Perioperative anesthetic techniques    

 Type of anesthesia (n)    

  

General anesthesia 

Peripheral nerve block only 

Spinal anesthesia 

13 (48%) 

13 (48%) 

1 (4%) 

11 (41%) 

16 (59%) 

0 (0%) 

14 (52%) 

9 (33%) 

4 (15%) 

 Local anesthetic wound infiltration (n) 5 (19%) 7 (26%) 10 (37%) 

 Time of peripheral catheter insertion (n)    

  
Preoperative insertion 

Postoperative insertion 

16 (59%) 

11 (41%) 

17 (63%) 

10 (37%) 

13 (48%) 

14 (52%) 

ASA: American Society of Anesthesiologists; (n): number of patients. All continuous parameters are reported as mean (standard deviation, SD). All 

number of patients are presented within group column (percent). 
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Table 2. Missing data 

  Degree of missing data 

Primary outcome  

 Pain during movement: 3.9 % 

 Pain at rest: 3.8 % 

Secondary outcomes  

 Volume of boluses on demand: 7.4 % 

 Opioid consumption: 51.0 % 

Explorative outcomes  

 Opioid-related side effects 24.7 % 

 Number of bolus demands: 7.4 % 

 Pain at bolus demand 71.2 % 

 Sleep quality: 0.8 % 

 Pain level at night: 0.4 % 

 Patient satisfaction level: 1.6 % 

 Motor nerve block 8.1 % 

 Sensory nerve block 10.1 % 

Little’s test for Missing Completely At Random (MCAR): For both pain during movement and at rest, 

Little’s test was significant (P < 0.005). Because the significance value is less than 0.05, we concluded 

that the data are not missing completely at random.  For all other outcomes Little’s test was non-

significant. 
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Table 3. Primary and secondary outcomes. 

  CONT-INF PIB BOL-ON-DEM P values 

  Reference Intervention Active control  

Primary outcome 

    

 Pain during movement:  

VAS, 0-100 mm as area 

under the curve (AUC), 

reported in millimeters x 

hours. 

1206 (749-1663) 1621 (1143-2099) 1583 (1120-2046) CONT-INF vs. PIB: P= 0.217 

CONT-INF vs. BOL-ON-DEM: P= 

0.256 

PIB vs. BOL-ON-DEM: P= 0.908 

 Pain at rest:  

VAS, 0-100 mm as area 

under the curve (AUC), 

reported in millimeters x 

hours. 

1100 (686-1514) 1326 (936-1716) 1435 (984-1886) CONT-INF vs. PIB: P= 0.435 

CONT-INF vs. BOL-ON-DEM: P= 

0.284 

PIB vs. BOL-ON-DEM: P= 0.720 

 Average pain during 

movement:  

VAS 0-100 mm. 

16.8 (10.5-23.1) 22.5 (15.8-29.2) 22.0 (15.5-28.5) CONT-INF vs. PIB: P= 0.217 

CONT-INF vs. BOL-ON-DEM: P= 

0.256 

PIB vs. BOL-ON-DEM: P= 0.908 

 Average pain at rest:  

VAS 0-100 mm. 

15.3 (9.6-21.0) 18.4 (12.9-23.9) 19.9 (13.6-26.2) CONT-INF vs. PIB: P= 0.435 

CONT-INF vs. BOL-ON-DEM: P= 

0.284 

PIB vs. BOL-ON-DEM: P= 0.720 

Secondary outcomes 
    

 Volume of boluses on 

demand:  

mL 

35.5 (25.5-45.5) 45.6 (33.3-57.9) 73.3 (52.5-94.1) CONT-INF vs. PIB: P= 0.217 

CONT-INF vs. BOL-ON-DEM: P= 

0.001 

PIB vs. BOL-ON-DEM: P= 0.025 

 Total volume of consumed 

ropivacaine:  

mL 

467.5 (457.5-477.5) 135.6 (123.3-147.9) 73.3 (52.5-94.1) CONT-INF vs. PIB: P < 0.0001 

CONT-INF vs. BOL-ON-DEM: P < 

0.0001 

PIB vs. BOL-ON-DEM: P < 0.0001 

 Opioid consumption:  

Number of consumed 

tablets of oxycodone 5mg. 

11.8 (8.7-14.9) 9.3 (6.2-12.4) 14.7 (10.6-18.8) CONT-INF vs. PIB: P= 0.257 

CONT-INF vs. BOL-ON-DEM: P= 

0.274 

PIB vs. BOL-ON-DEM: P= 0.046 

All outcomes were assessed during postoperative hours 1-72. CONT-INF: Continuous infusion:  6 mL.h-1; PIB: Programmed, intermittent boluses 

of 10 mL every 8th hour; BOL-ON-DEM: Boluses on demand of 10 mL every 4th hour as needed and with no basal infusion rate; mL: milliliters; 

mm: millimeters. VAS: Visual Analogue Scale, 0mm = best and 100mm = worst. All continuous outcomes are reported as means with 

corresponding (95% confidence intervals).   
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Table 4. Explorative outcomes. 

  CONT-INF PIB BOL-ON-DEM P values 

  Reference Intervention Active control  

Opioid-related side 

effects 

8/27 9/27 13/27 CONT-INF vs. PIB: P=0.76 

CONT-INF vs. BOL-ON-DEM: P=0.16 

PIB vs. BOL-ON-DEM: P=0.27  

Number of bolus 

demands: 

8  

(5 to 11) 

15  

(8 to 22) 

17  

(10 to 24) 

CONT-INF vs. PIB: P=0.063 

CONT-INF vs. BOL-ON-DEM: P=0.030 

PIB vs. BOL-ON-DEM: P=0.766 

Pain at bolus demand 

 Average pain POD1: 

VAS 0-100 mm. 

46.5  

(44.6 to 48.4) 

45.5  

(41.2 to 49.8) 

44.7  

(41.2 to 48.2) 

CONT-INF vs. PIB: P=0.693 

CONT-INF vs. BOL-ON-DEM: P =0.381 

PIB vs. BOL-ON-DEM: P=0.774 

 Average pain POD2: 

VAS 0-100 mm.  

53.4 

 (49.7 to 57.1) 

50.7 

 (45.8 to 55.6) 

50.5 

 (47.0 to 54.0) 

CONT-INF vs. PIB: P =0.402 

CONT-INF vs. BOL-ON-DEM: P=0.271 

PIB vs. BOL-ON-DEM: P=0.934 

 Average pain POD3: 

VAS 0-100 mm. 

43.8 

 (41.6 to 46.0) 

40.9 

 (37.4 to 44.4) 

41.9 

 (39.7 to 44.1) 

CONT-INF vs. PIB: P=0.188 

CONT-INF vs. BOL-ON-DEM: P=0.231 

PIB vs. BOL-ON-DEM: P=0.673 

Sleep quality: 

VAS 0-100 mm.  

24.7 

 (16.7 to 32.7) 

27.7 

 (20.8 to 34.6) 

22.8 

 (16.1 to 29.5) 

CONT-INF vs. PIB: P=0.569 

CONT-INF vs. BOL-ON-DEM: P=0.720 

PIB vs. BOL-ON-DEM: P=0.310 

Pain level at night: 

VAS 0-100 mm. 

21.4 

 (14.1 to 28.7) 

26.1 

 (18.5 to 33.7) 

25.7 

 (18.3 to 33.1) 

CONT-INF vs. PIB: P=0.383 

CONT-INF vs. BOL-ON-DEM: P=0.428 

PIB vs. BOL-ON-DEM: P=0.932 

Patient satisfaction level: 

VAS 0-100 mm. 

16.3 

 (9.8 to 22.8) 

19.0 

 (12.9 to 25.1) 

16.0 

 (10.5 to 21.5) 

CONT-INF vs. PIB: P=0.555 

CONT-INF vs. BOL-ON-DEM: P=0.956 

PIB vs. BOL-ON-DEM: P=0.487 

All outcomes were assessed during postoperative hours 1-72. CONT-INF: Continuous infusion: 6 mL.h-1; PIB: Programmed, intermittent boluses of 10 

mL every 8th hour; BOL-ON-DEM: Boluses on demand of 10 mL every 4th hour as needed and with no basal infusion rate. POD: Postoperative day. 

VAS: Visual Analogue Scale, 0 mm = best and 100 mm = worst. All continuous outcomes are reported as means (95% confidence interval). 
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Table 5. Assessments of motor and sensory nerve block.  

  CONT-INF PIB BOL-ON-DEM P values 

  Reference Intervention Active control  

Motor nerve block 

 POD1:  25/27 26/27 25/27 CONT-INF vs. PIB: P=0.99 

CONT-INF vs. BOL-ON-DEM: P=1.00 

PIB vs. BOL-ON-DEM: P=0.99 

 POD2: 23/27 21/27 18/27 CONT-INF vs. PIB: P=0.48 

CONT-INF vs. BOL-ON-DEM: P=0.11 

PIB vs. BOL-ON-DEM: P=0.36 

 POD3: 21/27 23/27 17/27 CONT-INF vs. PIB: P=0.48 

CONT-INF vs. BOL-ON-DEM: P=0.23 

PIB vs. BOL-ON-DEM: P=0.06 

Sensory nerve block 

 POD1: 27/27 27/27 27/27 CONT-INF vs. PIB: P=1.00 

CONT-INF vs. BOL-ON-DEM: P=1.00 

PIB vs. BOL-ON-DEM: P=1.00 

 POD2:  26/27 24/27 24/27 CONT-INF vs. PIB: P=0.61 

CONT-INF vs. BOL-ON-DEM: P=0.61 

PIB vs. BOL-ON-DEM: P=1.00 

 POD3: 25/27 25/27 21/27 CONT-INF vs. PIB: P=1.00 

CONT-INF vs. BOL-ON-DEM: P=0.25 

PIB vs. BOL-ON-DEM: P=0.25 

All outcomes were assessed during postoperative hours 1-72. CONT-INF: Continuous infusion: 6 mL.h-1; PIB: Programmed, intermittent 

boluses of 10 mL every 8th hour; BOL-ON-DEM: Boluses on demand of 10 mL every 4th hour as needed and with no basal infusion rate. 

Motor nerve block: Paresis or paralysis of ankle movement (yes/no). Sensory nerve block: Altered cold sensation or anaesthesia (yes/no). 

POD: Postoperative day. VAS: Visual Analogue Scale, 0 mm = best and 100 mm = worst. All continuous outcomes are reported as means 

(95% confidence interval). 
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Screened for eligibility (N = 207) 

Included and received intended intervention (N = 86) 

Not included (N = 121) 

Daily intake of strong opioids (N = 16) 
Language (N = 8) 
Declined (N = 47) 
Not reachable by phone (N = 12) 
Missed due to logistics (N = 28) 
Bleeding disorder (N = 3) 
Neuropathy (N = 2) 
Risk of falling (N = 1) 
Nursing home resident (N = 2) 
Psychiatric comorbidity (N = 2) 

 

Programmed, intermittent boluses (N = 30) Continuous infusion (N = 29) Boluses on demand (N = 27) 

Included in final analysis (N = 27) Included in final analysis (N = 27) Included in final analysis (N = 27) 

Excluded (N = 3) 

Patient withdrawal (N = 1) 
Lost questionnaire (N = 2) 

Excluded (N = 2) 

Catheter failure (N = 1) 
Patient withdrawal (N = 1) 

Excluded (N = 0) 



 

Favoring CONT-INF Favoring PIB 

AUC-VAS Non-inferiority 

margin of -1440 mm.h 

0 

Treatment difference 

(AUC-VAS for CONT-INF minus AUC-VAS for PIB) 

Difference AUC-VAS 

-416 mm.h (95% CI -1076 to 245) 
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