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Effectiveness of intra-articular
analgesia in reducing postoperative
pain after minimally invasive
sacroiliac joint fusion: a double-
blind randomized controlled trial
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During the first postoperative days following minimally invasive sacroiliac joint fusion (MISJF),
patients often report serious pain, which contributes to high utilization of painkillers and prevention
of early mobilization. This prospective, double-blind randomized controlled trial investigates the
effectiveness of intraoperative SlJ infiltration with bupivacaine 0.50% versus placebo (NaCl 0.9%) in
42 patients in reducing postoperative pain after MISJF. The primary outcome was difference in pain
between bupivacaine and placebo groups, assessed as fixed factor in a linear mixed model. Secondary
outcomes were opioid consumption, patient satisfaction, adverse events, and length of hospital stay.
We found that SlJ infiltration with bupivacaine did not affect postoperative pain scores in comparison
with placebo, neither as group-effect (p=0.68), nor dependent on time (group*time: p=0.87). None
of the secondary outcome parameters were affected in the postoperative period in comparison with
placebo, including opioid consumption (p =0.81). To conclude, intra-articular infiltration of the SIJ with
bupivacaine at the end of MISJF surgery is not effective in reducing postoperative pain. Hence, we do
not recommend routine use of intraoperative SlJ infiltration with analgesia in MISJF.

Chronic low back pain is often caused by a dysfunctional sacroiliac joint (SIJ), but frequently overlooked,
potentially due to difficult diagnosis and inadequate treatment options'2. If pain allocated to SIJ is refractory
to conservative treatment options, minimally invasive sacroiliac joint fusion (MISJF) is being considered®*.
This treatment option is supported by industry-sponsored studies reporting high satisfaction rates in MISJF-
treated patients®. During MISJF, the SIJ is stabilized by percutaneously inserted implants®. The implants are
inserted laterally through the gluteal musculature, and across the SIJ to achieve joint fusion. During the first
postoperative days, patients often report pain in the operated area, and it is reasonable to assume that pain is
induced upon loading this operated joint. This postoperative pain is difficult to manage adequately and prevents
early mobilization’. This pain contributes to patients taking high doses of analgesics’*. However, analgesics,
especially opioids, can cause nausea and drowsiness, resulting in inability to mobilize adequately'®. Combined,
postoperative pain and nausea may extend hospitalization and cause negative experience of hospitalization'!.
To reduce postoperative pain following MISJF, an intra-articular SIJ infiltration with analgesia at the end of
the procedure is advocated. In several orthopedic procedures, for example total knee arthroplasty and spinal
fusion surgery intraoperative infiltration of the wound bed results in decreased consumption of opioids, earlier
mobilization and shorter hospitalization time'?-'%. However, the effects of such an infiltration in MISJF are
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unclear and have never been described. Infiltrating the SIJ only takes little extra operating time and a minimal
amount of fluoroscopy screening time but may have significant impact on postoperative care.

The aim of this study is to determine whether intraoperative intra-articular analgesia with bupivacaine 0.50%
is superior to placebo (intraoperative intra-articular infiltration of NaCl 0.9%) in reducing postoperative pain in
patients after MISJF and to determine whether opioid use is reduced in the intervention group during the first
48 h after surgery.

Methods

Study design

We conducted a prospective, double-blind, multi-center randomized controlled trial (blinding for the patient,
clinician, and statistician) to investigate the effect of intraoperative SIJ infiltration with 1.5-5 cc bupivacaine
0.50% on postoperative pain after MISJF compared with 1.5-5 cc saline. Bupivacaine 0.50% was chosen for the
intervention group because it is often used in diagnostic injections of the SIJ, with or without anti-inflammatory
steroids, and it is effective in reducing pain in patients suffering from SIJ dysfunction'>'’. Randomization
was block-wise and stratified by center. This trial was registered at the Netherlands trial register (NL9151,
29/12/2022). The detailed study protocol has been published previously'®. The study protocol was written in
accordance with the Consolidated Standards of Reporting Trials (CONSORT) 2010 checklist of information to
include when reporting a randomized trial'®. This study has been approved by the Medical Ethical Committee
(METCZ 20210069) at both participating centers (Zuyderland Medisch Centrum, Sittard-Geleen, and Medical
Spectrum Twente, Enschede, both the Netherlands). The study was carried out in accordance with the protocol
and with the principles enunciated in the current version of the Declaration of Helsinki, in accordance with the
Medical Research Involving Human Subjects Act (WMO) and the guidelines of Good Clinical Practice (GCP).
All subjects were informed on the purpose of the study and gave written informed consent before participation.

Study population

Adult patients referred to two spinal orthopedic outpatient clinics eligible for primary MISJF surgery were
potentially eligible to participate in this study. Indication for MISJF was considered by suspicion of SIJ pain based
on medical interviewing, excluding other causes, and medical examination included provocative tests which had
to evoke SIJ pain. In case of suspicion of SIJ dysfunction, diagnosis was confirmed by the gold standard image-
guided intra-articular SIJ injection with local anesthetic according to the specific guideline. Patients were only
eligible for MISJF if at least a 50% reduction of SIJ pain 30-60 min following image-guided injection occurred.
Patients with previous ipsilateral surgery of any kind were not included in this study. Previous contralateral
surgery of the SIJ was not an exclusion criterion.

Interventions

All patients were treated with MISJF using a series of triangular titanium, porous titanium plasma spray coated
implants (iFuse Implant System®; SI-BONE, Inc., San Jose, CA, USA). Surgery was performed under general
anaesthesia in prone position. Short-acting opioids like sufentanil or fentanyl were used during surgery. To
prevent the influence of long-acting opioids on the postoperative pain and therefore obscuring the result of SIJ
infiltration, no long-acting opioids were administered during or at the end of surgery. Depending on the local
anatomy, two or preferably three triangular implants were placed across the SIJ with fluoroscopy, according to
manufacturer’s instructions. After wound closure, a spinal needle was used to infiltrate the SIJ intra-articularly
under fluoroscopic guidance. The distal part of the SIJ was visualized using fluoroscopy in anterior-posterior
view applying lateral tilt as needed for optimization. Needle position was checked, and images were stored for
potential review. Study medication, prepared by the pharmacist (bupivacaine 0.50% 1.5-5 cc (intervention) or
NaCl 0.9% 1.5-5 cc (placebo)) was infiltrated. The physician administering the injection was blinded to the
contents of the syringe. Both groups received the same perioperative protocol, including preoperative cefazolin,
postoperative analgesia consisting of acetaminophen 4 times 1000 mg daily, standard physical therapy during
hospitalization and deep venous thrombosis prophylaxis. Postoperatively, patients were transported to the
recovery room, where they were monitored for a least one hour. During their stay at the recovery room and at
the ward, patients received intravenous or intramuscular piritramide until the visual analogue scale (VAS) pain
was < 3. Dosage is determined based on visual analogue scale (VAS) pain score and body weight, 0.2-0.3 mg/kg
with a maximum of 80 mg/day in four dosages.

Outcomes

The primary outcome was difference in pain, assessed using VAS between bupivacaine and placebo group
during the first 48 h after surgery, with repeated post-infiltration measurements at recovery entry, recovery
exit, and after 2, 4, 6, 24 and 48 h. Secondary outcome measures were opioid consumption, in which all opioid
consumption is converted to morphine per os equivalent using a conversion table (Additional file 1), patient
self-reported recovery using the General Surgery Recovery Index (GSRI) and VAS for satisfaction, leg and back
pain, adverse events and length of hospital stay.”® Other study parameters are sex, age, BMI, preoperative opioid
usage, occurrence of diabetes, causes of SIJ dysfunction, previous pelvic or back surgery, pre-operative pain and
patients physical condition (ASA classification). The amount of fluid that the surgeon was able to infiltrate in
the SIJ, duration of surgery, intraoperative blood loss and intraoperative opioid administration were monitored.

Statistical analysis

Difference in pain between SIJ infiltration with 1.5-5 cc bupivacaine 0.50% and placebo at around 2 h after
infiltration is the primary endpoint and was used to calculate the sample size. Based on our own preliminary
data, derived from recovery unit charts, we estimated that the standard deviation of the pain score is 2.2. A
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two-point difference on the eleven-points (0-10) pain score (SD 2.2) is considered clinically relevant?*!. In
order to obtain this clinically meaningful effect with 80% power, 19 patients are required per group. Because
no contrast is implemented during infiltration, there is an estimated chance of 10% that the infiltration will not
be administered intra- but peri-articular. However, the analgesic effect of intra- and peri-articular infiltration is
similar?>?*, When taking into account a 10% loss to follow-up, 42 patients (21 patients per group) were enrolled
in this study.

Frequency tables were provided for all categorical demographic information. Continuous variables
were presented as mean + standard deviation (SD) or median +interquartile range (IQR) depending on the
distribution of the data. Analysis was performed by principal investigators using IBM SPSS statistical software
package version 27 (SPSS Inc., Chicago, IL). Data was tested for normal distribution. When data was normally
distributed a paired t-test was used to determine statistical difference between groups (e.g. pain score, cumulative
opioid use). In case of absence for normal distribution, Wilcoxon Signed-Rank test was used. In addition, the
group differences over time were determined using a linear mixed-effects model with group, time and the group-
time interaction as fixed factors. Study center was included as random variable. Categorical data was assessed
using Pearson’s Chi-Square test and Fisher’s exact test. A p value <0.05 was considered statistically significant.

Results

Baseline characteristics

Patients’ characteristics are described in Table 1. A total of 42 patients were included in this RCT. One patient was
excluded from analysis because intraoperative infiltration of study medication was unsuccessful. The remaining
patients received the per protocol allocated treatment and received the full 5 cc of fluid infiltration. Twenty-two
patients were analyzed to the bupivacaine group and nineteen patients to the placebo group.

Primary outcome measure

Intra-articular administration of bupivacaine did not affect postoperative pain scores in comparison with
placebo, neither as group-effect (p=0.68), nor dependent on time (group*time: p=0.87). In Fig. 1 the pre- and
postoperative pain scores are outlined for both study groups.

Secondary outcome measures

Bupivacaine did not affect opioid consumption at recovery or during the remaining 48 h postoperative period
in comparison with placebo (p=0.81) (Fig. 2). Patient reported recovery (GSRI), satisfaction and back and leg
pain (VAS) at 24 h postoperatively did not differ between study groups (Table 2). There were also no differences
in length of hospital stay or complications rates between bupivacaine and placebo group. The sole complication
that occurred was one postoperative wound infection in the placebo group, which was resolved with antibiotic
treatment.

Discussion

The most important finding of this study is that intraoperative SIJ infiltration with bupivacaine did not affect
postoperative pain during the whole post operative period in comparison with placebo. The lacking effect of
bupivacaine on pain is somewhat surprising, as it can affectively generate a diagnostic block. We hypothesize

Variable Bupivacaine (N=22) | Placebo (N=19)
Age in years, mean (SD) 47 (15) 47 (12)
Sex, (% (N) female) 77.3 (17) 94.7 (18)
Body-mass-index, mean (SD) kg m~2 | 27.9 (6.7) 28.6 (6.9)
Diabetes (% (N) yes) 4.5(1) 5.3(1)
Smoking (% (N) yes) 28.6 (6) 26.3 (5)
Preoperative opioids (% (N) yes) 36.4 (8) 36.8 (7)
Oral anticoagulation (% (N) yes) 22.7 (5) 10.5(2)
ASA classification (% (N))

1 9.1(2) 105 (2)
I 63.6 (14) 73.7 (14)
1T 27.3 (6) 15.8 (3)
Causes of SIJ dysfunction (% (N))

Postpartum 36.4 (8) 47.4 (9)
Ehlers Danlos syndrome 27.3 (6) 26.3 (5)
Prior lumbar fusion surgery 9.1(2) 10.5 (2)
Posttraumatic 4.5(1) 10.5(2)
Other 22.7 (5) 5.3(1)
Side (% (N), right) 68.2 (15) 47.4(9)

Table 1. Characteristics of included patients between intervention and control group. ASA classification
American Society of Anaesthesiologists classification.
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Fig. 1. Pain scores pre- and postoperative. Abbreviation: OP = operative, Recovery in =entry into the recovery
room, Recovery exit = exit from the recovery room.
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Fig. 2. Postoperative opioid consumption. Data is presented as individual data, and median and interquartile
range.
Variable Bupivacaine (N=22) | Placebo (N=19) | p value
Duration of surgery, min | 43.18 (9.10) 41.79 (8.32) 0.61
Recovery, GSRI 49 (27) 57 (25) 0.36
Satisfaction, VAS 73 (21) 79 (22) 0.36
Pain-back, VAS 37 (30) 27 (28) 0.30
Pain-legs, VAS 36 (32) 32 (25) 0.70
Length of stay 1.4 (0.7) 1.5(0.8) 0.49
Complications <30 days | 0 1 0.29

Table 2. Secondary outcome measures. Data is presented as mean and standard deviation, or as frequency
(complications). GSRI general surgery recovery index, VAS visual analogue scale. GSRI and VAS were taken
24 h postoperatively.
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that the lack of pain response is due to postoperative pain following MISJF being mostly caused by iatrogenic
injury to surrounding tissues and not the SIJ itself. This is supported by the theorem that the joint is fixed by
three implants during surgery, directly limiting motion and perhaps pain. Thus, infiltrating the SIJ might be
less effective than infiltrating the wound (soft tissue). Moreover, the latter has been deemed effective in other
orthopedic procedures'?>-'. In this perspective, a study comparing analgesia with placebo for wound infiltration
after MISJF might be interesting to conduct. Alternatively, part of the ineffectiveness of bupivacaine to influence
postoperative pain might be due to the patient group itself. To elaborate, first, it is known that SIJ dysfunction
is accompanied with diagnostic delay, hence patients often suffer from complaints for a long period of time
before correct treatment is started. During the diagnostic trajectory often large amounts of pain killers are
consumed, including opioids. The percentage of patients with SIJ dysfunction that consume opioids is around
40%°. Several studies have provided evidence for altered pain perception, known as opioid-induced hyperalgesia
in people consuming opioids for an extended period?%. Second, in recent literature it has become clear that pain
catastrophizing is a predictor of pain severity among individuals with persistent musculoskeletal complaints.
Pain catastrophizing is considered as a maladaptive coping strategy involving an exaggerated response to
anticipated or actual pain®®. Following spinal surgery around 20% of patients have persistent or recurrent pain
in the back or limbs?®. Moreover, patients that tend to catastrophize are more likely to have higher pain scores
in the early postoperative period®”?%. Patients with SIJ dysfunction that have an extended diagnostic trajectory,
consume large amount of pain killers and report a low quality of life seem sensitive for psychological factors like
pain catastrophizing®. Both altered pain perception and unfavorable psychological factors might have adversely
influenced the effect of bupivacaine to reduce pain in the current study group.

In line with the primary outcome, perioperative administration of bupivacaine did also not affect secondary
outcomes, such as postoperative opioid consumption. As expected, postoperative pain and opioid consumption
are closely associated. Opioids are a standard component of pain management following spinal surgery, and
their utilization should reflect the severity of postoperative pain. As can be seen in Fig. 2, opioid consumption
in the first 48 h postoperatively is highly variable across patients. Patient-specific factors, such as individual
pain thresholds and psychological factors, may influence opioid consumption. One can also expect there is a
correlation between pre- and postoperative opioid consumption in patients undergoing MISJE When a patient
has been taking high doses of opioid consumption for a longer period, it is expected that this person will continue
the need for opioids following MISJF*.

Lastly, while clinical outcomes such as other patient reported outcome measures (VAS recovery, satisfaction
and back and leg pain), length of stay and complications showed descent results after MISJE, a surprising
observation was the persistent pain after 48 h, comparable to preoperatively (Fig. 1). This is contrary to the
typical expectation of pain decreasing over time postoperatively. We faced a challenge in verifying this
observation since there was no available literature for comparison. Nevertheless, it is worth noting that most
patients were discharged within the first day, suggesting pain was manageable, even though the pain scores
remained consistently high during this period. Alternatively, patients may have sooner than expected reduced
the use of pain medication, which would be a positive observation. Unfortunately, timing of pain medication was
not observed detailed enough for substantiating this hypothesis.

Strengths and limitations

The strengths of this study were the prospective, RCT-design in a multicenter setting, involving two high-volume
MISJF centers in the Netherlands. This increases the generalizability of the results. A limitation in the presented
study is that we did not apply intra-articular contrast. Therefore, it is uncertain whether the intraoperative
infiltration was indeed intra-articular and not peri-articular. Though several studies have demonstrated that peri-
articular infiltration of analgesia is as effective in reducing pain complaints arising from the SIJ as intra-articular
infiltration, and therefore, we do not expect this uncertainty to relate to any bias in study outcomes*>332, It is
conceivable that the act of SIJ puncture and saline irrigation itself contributes to pain reduction, independent of
the analgesic effects of bupivacaine. This hypothesis merits attention in our conclusion, as it underscores the need
for a nuanced understanding of pain management strategies in MISJF surgery. Lastly, the current study exclusively
tracked postoperative morphine consumption, potentially leaving variations in the use of other analgesics, such as
NSAID’s, unaccounted for among patients. This is also the case for and anti-emetics. Nevertheless, it is reasonable
to presume that any disparities in this regard are mitigated due to the randomized design of the study.

Conclusion

Intra-articular infiltration of the SIJ with bupivacaine following MISJF surgery is not effective in reducing
postoperative pain complaints, nor in reducing opioid consumption compared to placebo. While it is safe, we do
not recommend routine use of intraoperative SIJ infiltration with analgesia in MISJE
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The datasets used and/or analysed during the current study are available from the corresponding author on
reasonable request.
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