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Abstract
  

Background: Extrapleural paravertebral local anaesthetic catheters are an effective method of post-
operative analgesia. We investigated if delivery of ropivacaine via programmed intermittent boluses
provided superior analgesia to continuous infusion alone in patients after thoracic surgery.

Methods: A single-centre, retrospective study of 84 adult patients who received an extrapleural
paravertebral catheter following thoracic surgery was performed. Patients were strati�ed into two groups
based on the percentage of the total daily ropivacaine dose delivered as a bolus: continuous infusion (<
10%; n = 29) and programmed intermittent bolus (> 10%; n = 55). Outcomes included opioid consumption,
pain scores, and ketamine use.

Results: Both groups were comparable. Mean (standard deviation) oral morphine equivalent daily dose
consumption on day one, the primary outcome, was 173.4mg (139.7mg) for the continuous infusion
group compared to 129.2mg (100.4mg) for the programmed intermittent bolus group, p = 0.10. On day
two, the mean (standard deviation) was 149.8mg (130.2mg) and 102.5mg (94.6mg) respectively, p =
0.08. On day three this reached signi�cance with 178.1mg (150.6mg) for the continuous infusion group
compared to 80.1mg (74.6mg) for the programmed intermittent bolus group, p = 0.001. There was also a
reduction in the number of patients requiring ketamine in the programmed intermittent bolus group on
day two (p = 0.02) and day three (p = 0.04). There was no difference in pain scores.

Conclusion: In patients receiving extrapleural paravertebral catheters after thoracic surgery, the delivery of
ropivacaine via programmed intermittent boluses may provide superior analgesia compared to
continuous infusion alone. 

Background
The management of pain after thoracotomy and video-assisted thoracoscopic surgery (VATS) is
important given that these procedures are considered to be among the most painful of operations [1–3].
Pain after thoracic surgery can lead to signi�cant morbidity if not adequately controlled, including
atelectasis, intra-pulmonary shunting, hypoxaemia, infection, delayed mobilisation, longer hospital stay,
and chronic pain [1–5]. Therefore, optimising analgesia is important for patient outcomes. It is widely
accepted that surgically sited extrapleural paravertebral local anaesthetic (LA) catheters are a safe and
effective method of analgesia for patients following thoracic surgery, including thoracotomy and VATS
[6–12].

With the increasing availability of infusion pumps with the technology to administer programmed
intermittent boluses (PIB), there has been growing interest in determining if there is any bene�t from this
technique. Whilst superior analgesia with programmed intermittent boluses, particularly with catheters in
the epidural [13–16], femoral [17], adductor canal [18] and popliteal spaces [19,20], has been
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demonstrated, other authors have shown no improvement with automated boluses [21–28]. This may
re�ect variations in anatomical structures or differences in protocols, in particular, LA bolus volume and
frequency.

To date, two clinical trials have compared the analgesic e�cacy of intermittent boluses of LA to a
continuous infusion in patients receiving a paravertebral catheter after thoracic surgery [21,22]. In both
trials, the catheters were located in the paravertebral space, which is continuous with the extrapleural
space. Importantly there are no anatomical boundaries to prevent spread of LA between the paravertebral
and extrapleural spaces [1,29]. Fibla et al (2015) [21] showed no difference in those receiving PIB
compared to continuous infusion, while Català et al (1996) [22], in a small trial, demonstrated increased
pain in the PIB group relative to the continuous infusion group. Of particular importance, in both of these
studies, the boluses were administered only every six hours without a background infusion.

Given that other aforementioned studies have demonstrated improvement in peripheral nerve blockade
with a bolus technique using a higher volume and frequency of boluses, we sought to investigate whether
PIB administration of LA on a background infusion provided superior analgesia to continuous infusion
alone in patients receiving an extrapleural paravertebral catheter after thoracic surgery.

Methods
Patient population

Following institutional ethics review (LNR/17/Austin/466), we conducted a retrospective, single-centred,
observational study to assess adult patients who received LA via a surgically sited extrapleural
paravertebral catheter following VATS or thoracotomy at the Austin Hospital from September 2016 to
November 2017. The Austin Hospital is a tertiary level university teaching hospital in Melbourne,
Australia, with a dedicated high-volume thoracic surgical service.

The extrapleural paravertebral catheters were all placed intraoperatively under direct vision by the
surgeon and were loaded with a bolus of 30mL 0.5% ropivacaine. The post-operative delivery of LA was
by PIB with a background continuous infusion, or continuous infusion alone, at the discretion of the
treating clinician. All patients received post-operative care from the thoracic surgical unit and a dedicated
acute pain service.

Patients were included for analysis if they underwent thoracotomy or VATS, and had a surgically sited
extrapleural paravertebral catheter for delivery of LA. Patients were excluded if they had thoracotomy or
VATS for minimally invasive cardiac surgery, oesophagectomy, or any combined abdominal and thoracic
procedure. Patients were also excluded if they received intrathecal morphine or were opioid-tolerant pre-
operatively, de�ned as greater than 60mg of Oral Morphine Equivalent Daily Doses (OMEDDs). In
addition, patients were excluded if they had already been included earlier in the study period, or if they
underwent multiple procedures during the one hospital admission. All extrapleural paravertebral catheters
remained in situ until intercostal drain removal.
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Data collection

Data were collected from our institution’s scanned medical record. Baseline documentation including age,
sex, body mass index (BMI), procedure, pre-operative opiate consumption, and administration of other
analgesics, was recorded.

Post-operative opiate use via oral and parenteral administration, including patient-controlled analgesia,
was recorded and converted to OMEDDs to allow comparison between patients and over time [30–32].
Conversion ratios to OMEDDs were taken from the Australia and New Zealand College of Anaesthetists
Faculty of Pain Medicine Opioid Calculator App v1.0 [33]. Post-operative pain scores are routinely
documented on the observation chart as per the 11-point Numerical Rating Scale (NRS), with patients
asked to provide a verbal rating on the severity of their pain from zero to ten, where zero is no pain and
ten is the worst possible pain [34]. The maximum and minimum pain scores in a 24-hour period,
regardless of it was at rest or on movement, were recorded. Details regarding the LA catheter regimen,
including infusion rates, programmed bolus volume and frequency, and rescue boluses were recorded,
and from this the total daily ropivacaine dose was calculated. Adverse outcomes, including the activation
of the intensive care unit’s medical emergency team (MET), and the resuscitation team via a code blue,
were documented. The duration of hospital admission was also recorded.

Key outcomes

On each post-operative day, i.e., day zero to three inclusive, patients were independently strati�ed into two
groups based on the percentage of their total daily ropivacaine dose they received as boluses. The control
group, who received ropivacaine predominantly via continuous infusion (CI group), had less than 10% of
their total daily ropivacaine dose as a bolus. The cut-off of 10% accounts for the administration of rescue
boluses amongst the continuous infusion group. The programmed intermittent bolus group (PIB group)
had greater than or equal to 10% of their total daily ropivacaine dose as a bolus, i.e., they received LA via
a PIB regimen with a background continuous infusion, rather than PIB alone.

In order to determine if the amount of LA given as boluses in�uenced the results, we subdivided the PIB
group into low dose PIB (PIB-L group) with 10-25% of their total daily ropivacaine dose received as
boluses, and high dose PIB (PIB-H group) with greater than or equal to 25%.

Our primary outcome was a univariate comparison of cumulative OMEDD consumption day one post-
thoracic surgery. Day one was considered to start at 8:00am the morning after surgery. Secondary
outcomes included univariate comparison of OMEDD consumption on days two and three post-
operatively, daily pain scores via the NRS, daily ketamine use, daily total ropivacaine dose, daily
requirement for rescue boluses of ropivacaine, and subgroup analysis of the PIB-L and PIB-H groups
compared to the CI group. We also conducted multivariate linear regression analysis to examine for
confounding effects of other independent variables on the univariate outcomes of interest.

Statistical methodology
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Continuous data was tested for normality using the D’Agnostino-Pearson omnibus test. For the primary
end point between groups, comparisons for continuous data were performed with the use of Student’s t-
test. All tests were considered two-tailed and we considered a p-value <0.05 to indicate statistical
signi�cance. Values were reported as mean and standard deviation (SD). The use of ketamine was
dichotomised to administered or not administered on each particular day, and analysed using Fisher’s
exact test. We performed multivariate linear regression within the recommended limits of one covariate
for every ten samples. We reported Standardised Coe�cients to compare the relative effects of different
covariates on the outcome of interest. A power calculation based on a previous audit, (mean OMEDDs
167mg, SD 80mg) with an alpha of 0.05, beta of 0.8, and an expected decrease of 30%, yielded a sample
size of 90 patients. Allowing for poor data and exclusions we aimed to study 100 patients.

Data analyses were performed using GraphPad Prism version 6.0 (GraphPad Software, La Jolla
California) and SPSS V21 for Mac (IBM, New York, USA).

Results
The acute pain service patient database was used to capture patients. A total of 101 patients
consecutively received an extrapleural paravertebral catheter after thoracic surgery during the
assessment period. Overall, 17 patients were excluded, comprising seven patients who were opioid
tolerant pre-operatively, three patients who had an oesophagectomy, one patient who underwent multiple
procedures, and six patients who had insu�cient data. Patients with insu�cient data often had the
extrapleural paravertebral catheter removed prior to the end of post-operative day one. Therefore, 84
patients were included for analysis (Figure 1).

Patient drop-out was observed as the extrapleural paravertebral catheters were sometimes removed prior
to post-operative day three, with 84 patients analysed on post-operative day one, 78 on day two, and 61
on day three, as shown in Table 1. Treatment group crossover was also observed, with six patients
moving from the CI group to the PIB group on post-operative day one due to regimen change by the
treating clinician. Additionally, two patients moved from the PIB group to the CI group.

On univariate analysis, there was no difference between the CI and PIB groups in baseline characteristics,
including age, sex, BMI, pre-operative OMEDD consumption, type of thoracic surgery, primary opiate
administered post-operatively, and total daily ropivacaine dose (Table 2). All patients received 0.2%
ropivacaine via their extrapleural paravertebral catheters, and no single patient received a higher daily
ropivacaine dose than the manufacturer's recommendation of 770mg per day [35].

On post-operative day one, there were 29 patients (34.5%) in the CI group, and 55 patients (65.5%) in the
PIB group. Of those in the PIB group, 34 (61.8%) were in the PIB-L group and 21 (38.2%) were in the PIB-H
group.

Analgesic use and Pain Scores
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The PIB group had lower mean OMEDD consumption on each day post-thoracic surgery compared to
controls, which was statistically signi�cant on post-operative day three. Mean (SD) OMEDD consumption
on day one, the primary outcome, was 173.4mg (139.7mg) for the CI group compared to 129.2mg
(100.4mg) for the PIB group, which is a mean difference of 44.1mg (95% CI: -8.5 to 96.9), p = 0.10.

Mean (SD) OMEDD consumption on day two was 149.8mg (130.2mg) for the CI group compared to
102.5mg (94.6mg) for the PIB group, i.e., a mean difference of 47.3mg (95% CI: -5.2 to 99.7), p = 0.08.
Mean (SD) OMEDD consumption on day three was 178.1mg (150.6mg) for the CI group compared to
80.1mg (74.6mg) for the PIB group, i.e., a mean difference of 98.1mg (95% CI: 39.7 to 156), p = 0.001. A
comparison of post-operative OMEDD consumption between the CI and PIB groups is presented in Figure
2.

There was a reduction in the number of patients requiring ketamine infusions in the PIB group compared
with the CI group on each post-operative day, which was statistically signi�cant on day two (p = 0.02) and
day three (p = 0.04). The PIB group also required fewer rescue boluses on post-operative day three
(p=0.01) (Table 3).

There was no difference in maximum numerical rating scale pain scores on each post-operative day
(Figure 3). The mean (SD) maximum pain score on day one was 6.8 (1.9) for the CI group and 6.3 (2.3)
for the PIB group (p = 0.31). On day two, the mean (SD) maximum pain score was 6.3 (1.8) and 5.4 (2.1)
(p = 0.11), while on day three it was 6.2 (2.7) and 5.4 (2.3) (p = 0.25) for the CI and PIB groups
respectively.

Subgroup Analysis

Subgroup analysis demonstrated a consistently greater effect for the PIB-H group. The PIB-H group had a
greater reduction in OMEDD use on all days when compared with the CI group, which was statistically
signi�cant on days two and three. On day one, mean (SD) OMEDD consumption was 127.3mg (99.4mg)
for the PIB-L group and 132.4mg (104.4mg) for the PIB-H group, i.e., a mean difference between the CI
and PIB-H groups of 41mg (95% CI: -31.7 to 113.7), p = 0.26. On day two, mean (SD) OMEDD
consumption was 116.1mg (108.9mg) for the PIB-L group and 80.5mg (61.6mg) for the PIB-H group, i.e.,
a mean difference between CI and PIB-H of 69.3mg (95% CI: 6.3 to 132.2), p = 0.03. On day three, mean
(SD) OMEDD consumption was 92.5mg (86.4mg) for the PIB-L group and 63.9mg (53.4mg) for the PIB-H
group, i.e., a mean difference between CI and PIB-H of 114mg (95% CI: 40.5 to 188), p = 0.003. Subgroup
analyses of analgesia outcomes of the CI group compared to the PIB-L and PIB-H groups on each post-
operative day is summarised in Table 4.

Multivariate Analysis

We corrected for the covariates of age, gender, procedure type, use of ketamine infusion, type of opioid,
and total 24 hourly ropivacaine dose per kilogram in our multivariate linear regression analysis. Age was
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the only statistically signi�cant covariate affecting OMEDD use in the �rst two post-operative days: day
one (-0.59, p <0.0005), day two (-0.5, p <0.0005), and day three (-0.31, p = 0.04).

Adverse Events

There was no signi�cant difference in post-operative length of hospital stay, p = 0.64. The mean (SD)
length of stay for the CI group and PIB group was 7.8 days (6.7) and 8.5 days (7.3) respectively.

There were three MET calls and one code blue noted in this patient population throughout the study
period. One code blue was called for a patient in the CI group, which was secondary to a vasovagal
episode with complete resolution. Two patients in the PIB group had MET calls for type II respiratory
failure in the setting of severe underlying pulmonary disease (chronic obstructive pulmonary disease, and
granulomatosis with polyangiitis, respectively), both of which resulted in unplanned admissions to the
intensive care unit. A third patient in the PIB group required a MET call for supraventricular tachycardia
which resolved with intervention on the ward. Outside of MET calls and code blues, there was only one
additional adverse event with a patient in the CI group experiencing peri-oral numbness and tingling. The
LA infusion was immediately ceased and symptoms subsequently resolved.

Discussion
A single-centre observational study was performed evaluating post-operative OMEDD consumption and
NRS pain scores in patients receiving LA via extrapleural paravertebral catheters after thoracic surgery,
comparing the delivery of LA via PIB with background continuous infusion (PIB group) to continuous
infusion alone (CI group). Contrary to our hypothesis, in comparing the two groups, we observed no
signi�cant difference in OMEDD consumption on post-operative day one, and no signi�cant difference in
NRS pain scores on each post-operative day.

There was, however, a signi�cant reduction in opiate consumption on post-operative day three in the PIB
group compared to the CI group. We also demonstrated that high dose PIB signi�cantly reduced opiate
consumption on post-operative days two and three. Moreover, there was a signi�cant reduction in the use
of LA rescue boluses on post-operative day three, as well as ketamine use as a rescue analgesic on post-
operative days two and three.

Although we did not demonstrate a statistical reduction in OMEDD use on day one, our primary endpoint,
there was a trend towards lower use of opiates with a 25.5% reduction in OMEDDs in the PIB group. We
also showed a non-signi�cant reduction in ketamine use on day one in the PIB group with 38.6% fewer
patients requiring ketamine. We hypothesised that the use of ketamine may have been a confounder
which reduced the signi�cance of the OMEDD use, particularly on day one. However, our multivariate
model was unable to demonstrate this, with patient age being the only covariate with a statistically
signi�cant effect on OMEDD use. It is interesting to note that there was no difference in pain scores,
despite the differences in OMEDD consumption and use of IV ketamine. This may imply that our PIB
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patients used less opioid to reach the same level of comfort as their continuous infusion counterparts,
and therefore, that the use of PIB has an opioid-sparing effect.

Comparison of continuous infusion and PIB as methods of LA delivery via extrapleural paravertebral
catheters has been previously investigated with con�icting results. Fibla et al. (2015) [21] conducted a
prospective randomised controlled trial of 80 patients who underwent thoracotomy, comparing
continuous infusions of LA via paravertebral catheters to a PIB regimen. No statistically signi�cant
differences were observed in pain scores or analgesia requirements between the groups. However, while
the total dose was the same, the concentration of the levobupivacaine differed and therefore the volume
as well, with the PIB group getting a smaller volume of a higher concentration solution. Our results may
differ from these �ndings for two reasons. Firstly, many studies have previously documented that volume
may be more important than concentration [17–20,36]. Secondly, our patients received boluses more
frequently than six-hourly, leading to more frequent delivery of LA into the extrapleural paravertebral
space. Català et al. (1996) [22] conducted a prospective randomised study of 30 post-thoracotomy
patients and found that intermittent bolusing was inferior compared to continuous infusion based on
pain scores at rest and on movement. The small numbers in this trial, the relatively low dose of local
anaesthetic, and the long duration of six hours between boluses may have affected the outcome.

The use of PIB has also been previously investigated in other peripheral nerve catheters with varying
results, including adductor canal blocks [18,23,24], femoral nerve blocks [17,25], popliteal nerve blocks
[19,20], interscalene blocks [26,36], infraclavicular blocks [27] and transverse abdominal plane blocks
[28]. Of these, �ve showed an improvement with the use of PIB when compared with continuous infusion,
while six showed no difference and none showed inferiority. Importantly, the protocols employed by these
studies varied, and it appears that frequency of bolusing may make a signi�cant difference. A recent
review article of the various aspects continuous peripheral nerve blocks by Ilfeld (2017) [37] supports
further research into the use of PIB including optimal delivery regimens as a method of delivering LA into
peripheral nerve catheters.

There are several strengths and limitations of this study. This study is limited because it is a small, single-
centre, observational, non-randomised, retrospective study of a population with some heterogeneity,
limiting the external validity of our �ndings. However, our hospital has all the typical characteristics of
many tertiary institutions’ thoracic units, and the surgical and anaesthesia perioperative protocols
adopted by our centre are aligned with those in many other tertiary centres. Data collection was
sometimes limited by incomplete or unclear documentation in the medical record. Furthermore, data
collection was reliant upon routine nursing observations which were not strictly regulated in terms of
timing and frequency. Nonetheless, we looked for many of these sources of bias and found that the two
groups were comparable.

The use of multivariate linear regression modelling assists in quantifying the effect of confounding
variables on the outcomes of interest, however the smaller sample size may still incur type two errors on
analysed covariates, and belies splitting of the sample to test the model �t for e�cacy. Under these
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circumstances, the statistical signi�cance of the multivariate modelling must be interpreted with much
caution.

As PIB was introduced to our institution in 2016, many of those in the continuous infusion group
predated this, while all of those in the PIB group were after. Therefore, there is a potential for lead-time
bias. However, as the study was conducted over a relatively short period of 14 months we expect this bias
to be minimal. The small numbers also mean that it is not powered to analyse some clinical outcomes,
such as post-operative length of stay or adverse effects.

Unlike other studies, the patients in our PIB group received a continuous background infusion as well as
boluses. In fact, an average of only 18% of the ropivacaine was administered via boluses. Given that we
were able to show that a higher percentage of boluses is more favourable, it is apparent that the relatively
low PIB percentage has diluted the effects of the PIB, potentially leading to a type two error.

Nonetheless, if validated with a prospective randomised controlled trial, these �ndings have the potential
to alter routine post-operative pain management after thoracic surgery for the better. Improvements in
post-operative pain management could lead to enhanced recovery, reduced complications, and decreased
length of hospital stay, therefore having positive impacts for patients in terms of morbidity, and hospitals
in terms of cost and bed availability. Furthermore, this could precipitate further investigation of PIB
regimens in other peripheral LA catheters.

In patients receiving extrapleural paravertebral catheters after thoracic surgery, the delivery of LA via PIB
with background continuous infusion, compared to continuous infusion alone, was associated with
reduction in OMEDD consumption, most signi�cantly on day three post-operatively. There was also a
concomitant reduction in ketamine use and the administration of LA rescue boluses, and no difference in
pain scores or total daily ropivacaine dose. This effect was dose dependant, being more evident in the
PIB-H group.

Conclusion
This study has demonstrated that PIB via an extrapleural paravertebral catheter may provide superior
analgesia, but a prospective randomised controlled trial is required. This study provides us with important
information regarding prospective endpoints and will provide necessary data for the appropriate
powering of such a trial.
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Table 1: Number of patients in each group on each post-operative day (POD)

  CI group (n, %) PIB group Total (n)

PIB-L (n, %) PIB-H (n, %) PIB total (n)

POD 1 29 (34.5%) 34 (40.5%) 21 (25.0%) 55 (65.5%) 84

POD 2 23 (29.5%) 34 (43.6%) 21 (26.9%) 55 (70.5%) 78

POD 3 15 (24.6%) 26 (42.6%) 20 (32.8%) 46 (75.4%) 61

 

The percentage is calculated as a proportion of the total number of patients.

POD: post-operative day

n = number

CI: continuous infusion; less than 10% of the total daily ropivacaine dose delivered as a bolus

PIB: programmed intermittent bolus; more than 10% of the total daily ropivacaine dose

delivered as a bolus

PIB-L: low dose programmed intermittent bolus; 10-25% of the total daily ropivacaine dose

delivered as a bolus

PIB-H: high; dose programmed intermittent bolus; more than 25% of the total daily ropivacaine

dose delivered as a bolus

 

 

Table 2: Demographics and clinical information of the continuous infusion (CI) group and the

programmed intermittent bolus (PIB) group



Page 15/21

  CI group PIB group p-value

Demographics on post-operative day 1

Age: mean years (SD) 55.3 (18.0) 60.6 (13.3) 0.13

Sex: number (%) male 14 (48.3%) 26 (47.3%) 1.00

BMI: mean kg/m2 (SD) 27.4 (5.0) 26.6 (5.3) 0.55

Pre-operative OMEDD: median mg (IQR) 0 (0 – 0) 0 (0 – 0) 1.00

Type of surgery: number of patients (%)

VATS 14 (48.3%) 27 (49.1%) 1.00

Thoracotomy 15 (51.7%) 28 (50.9%) 1.00

Primary opiate on post-operative day 1: number of patients (%)

Fentanyl IV 9 (31.0%) 19 (34.5%) 0.75

Morphine IV 12 (41.4%) 12 (21.8%) 0.19

Oxycodone IV 4 (13.8%) 9 (16.4%) 0.76

Oxycodone PO 4 (13.8%) 14 (25.5%) 0.09

Total daily dose of ropivacaine: mean mg (SD)

POD 1 497 (111) 484 (116) 0.61

POD 2 505 (102) 501 (113) 0.87

POD 3 553 (70) 503 (133) 0.17

Percentage of ropivacaine delivered as a bolus: median (IQR)

POD 1 0 (0 – 0) 17.2 (13.5 – 38.5) <0.0001

POD 2 0 (0 – 0) 17.2 (13.5 – 38.5) <0.0001

POD 3 0 (0 – 4.7) 20.0 (13.5 – 38.5) 0.0001

 

CI: continuous infusion; less than 10% of the total daily ropivacaine dose delivered as a bolus

PIB: programmed intermittent bolus; more than 10% of the total daily ropivacaine dose

delivered as a bolus

SD: standard deviation
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BMI: body mass index

POD: post-operative day

IQR: interquartile range

Table 3: Post-operative analgesia outcomes of the continuous infusion (CI) group and the

programmed intermittent bolus (PIB) group on each post-operative day (POD)

  CI group PIB group p-value

OMEDD consumption: mean mg (SD)

POD 1 173.4 (139.8) 129.2 (100.4) 0.10

POD 2 149.8 (130.2) 102.5 (94.6) 0.08

POD 3 178.1 (150.6) 80.1 (74.6) 0.001

Maximum pain score: mean score (SD)

POD 1 6.8 (1.9) 6.3 (2.3) 0.31

POD 2 6.3 (1.8) 5.4 (2.1) 0.11

POD 3 6.2 (2.7) 5.4 (2.3) 0.25

Ketamine use: number of patients (%)

POD 1 6 (20.7%) 7 (12.7%) 0.36

POD 2 6 (26.1%) 3 (5.5%) 0.02

POD 3 3 (20.0%) 1 (1.8%) 0.04

Number of patients requiring rescue boluses (%)

POD 1 4 (13.8%) 2 (3.6%) 0.42

POD 2 2 (8.7%) 0 (0.0%) 0.08

POD 3 4 (26.7%) 1 (1.8%) 0.01

CI: continuous infusion; less than 10% of the total daily ropivacaine dose delivered as a bolus

PIB: programmed intermittent bolus; more than 10% of the total daily ropivacaine dose

delivered as a bolus

OMEDD: oral morphine equivalent daily dose
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POD: post-operative day

SD: standard deviation

Table 4: Subgroup analyses of analgesia outcomes of the continuous infusion (CI) group

compared to the low dose programmed intermittent bolus (PIB-L) and high dose programmed

intermittent bolus (PIB-H) groups on each post-operative day (POD)

  CI group PIB-L group PIB-H group p-value

(CI vs PIB-H)

OMEDD consumption: mean mg (SD)

POD 1 173.4 (139.8) 127.3 (99.4) 132.4 (104.4) 0.19

POD 2 149.8 (130.2) 116.1 (108.9) 80.5 (61.6) 0.03

POD 3 178.1 (150.6) 92.5 (84.7) 63.9 (45.2) 0.003

Maximum pain score: mean score (SD)

POD 1 6.8 (1.9) 6.6 (2.2) 5.8 (2.4) 0.10

POD 2 6.3 (1.8) 5.6 (2.1) 5.2 (2.2) 0.07

POD 3 6.2 (2.7) 5.2 (2.2) 4.6 (2.6) 0.08

Ketamine use: number of patients (%)

POD 1 6 (20.7%) 4 (11.8%) 3 (14.3%) 0.72

POD 2 6 (26.1%) 2 (5.9%) 1 (4.8%) 0.10

POD 3 3 (20.0%) 0 (0.0%) 2 (10.0%) 0.63

Number of patients requiring rescue boluses (%)

POD 1 4 (13.8%) 1 (2.9%) 1 (4.8%) 0.38

POD 2 2 (8.7%) 0 (0.0%) 0 (0.0%) 0.49

POD 3 4 (26.7%) 0 (0.0%) 1 (5.0%) 0.14

 

CI: continuous infusion; less than 10% of the total daily ropivacaine dose delivered as a bolus
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PIB: programmed intermittent bolus; more than 10% of the total daily ropivacaine dose

delivered as a bolus

PIB-L: low dose programmed intermittent bolus; 10-25% of the total daily ropivacaine dose

delivered as a bolus

PIB-H: high; dose programmed intermittent bolus; more than 25% of the total daily ropivacaine

dose delivered as a bolus

OMEDD: oral morphine equivalent daily dose

POD: post-operative day

SD: standard deviation

 

 

Figures
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Figure 1

Flow chart of patient assessment, inclusions, and exclusions Figure 1 Legend: POD: post-operative day n
= number CI: continuous infusion; less than 10% of the total daily ropivacaine dose delivered as a bolus
PIB: programmed intermittent bolus; more than 10% of the total daily ropivacaine dose delivered as a
bolus PIB-L: low dose programmed intermittent bolus; 10-25% of the total daily ropivacaine dose
delivered as a bolus PIB-H: high; dose programmed intermittent bolus; more than 25% of the total daily
ropivacaine dose delivered as a bolus
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Figure 2

A comparison of the mean post-operative OMEDD consumption between the continuous infusion (CI)
group and the programmed intermittent bolus (PIB) group on each post-operative day (POD) Figure 2
Legend: CI: continuous infusion; less than 10% of the total daily ropivacaine dose delivered as a bolus
PIB: programmed intermittent bolus; more than 10% of the total daily ropivacaine dose delivered as a
bolus OMEDD: oral morphine equivalent daily dose mg: milligrams POD: post-operative day Error bars are
mean ± standard error of the mean (SEM). There was a signi�cant difference between groups on POD 3.
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Figure 3

A comparison of mean post-operative numerical rating scale (NRS) pain scores between the continuous
infusion (CI) group and the programmed intermittent bolus (PIB) group on each post-operative day (POD)
Figure 3 Legend: CI: continuous infusion; less than 10% of the total daily ropivacaine dose delivered as a
bolus. PIB: programmed intermittent bolus; more than 10% of the total daily ropivacaine dose delivered as
a bolus NRS: numerical rating scale; patients are asked to provide a verbal rating on the severity of their
pain from zero to ten, where zero is no pain and ten is the worst possible pain Error bars are mean ±
standard error of the mean (SEM). There were no signi�cant differences between groups.


