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Purpose: Pamidronate is a nitrogen-containing bisphosphonate with immunomodulatory and anti-osteoclastic properties that has
shown benefit in early-onset complex regional pain syndrome (CRPS), yet evidence in persistent CRPS remains limited. Given that
chronicity may attenuate therapeutic response, this study evaluates the effectiveness and tolerability of intravenous pamidronate in
CRPS patients managed in routine clinical practice.

Patients and Methods: We conducted a single-center retrospective observational study, including all adult CRPS patients treated
with pamidronate between 2014 and 2024 at our tertiary referral center. Data were collected from medical records at baseline, during
treatment and at routine follow-up at approximately 1-, 3-, 6-, and 12-months post-treatment. The primary outcome was the pain
trajectory, analyzed using a linear mixed-effects model. Responders were defined by a >2-point NRS reduction or subjective benefit
when NRS data were unavailable.

Results: Of 110 eligible patients, 97 were included with a median age of 45 (IQR 32-54), and a median disease duration of 31 months
(IQR 9-97). Baseline mean NRS was 7.95 (95% CI: 7.66 to 8.25), declining by 1.10 points (95% CI: —1.49 to —0.70; p<0.001) at 1
month and by 0.66 points (95% CI: —1.13 to —0.20; p<0.01) at 3 months. Responder rates were 34% and 22%, respectively. Treatment-
related adverse events occurred in 91% of patients but led to discontinuation in only 6%.

Conclusion: In patients with predominantly persistent CRPS, intravenous pamidronate was well tolerated and associated with
a modest, short-term pain relief up to 3 months. No sustained analgesic benefit was evident at later timepoints.

Keywords: complex regional pain syndrome, pamidronate, interventional pain management, chronic pain, treatment outcome, drug-
related side effects and adverse reactions

Introduction

Complex regional pain syndrome (CRPS) develops in approximately 6.5% of high-risk individuals, such as post-fracture
or post-surgical patients, within 24 months.! Symptoms often decrease during the first 6 months, yet complete recovery is
uncommon.” In many cases, the condition progresses to a persistent, life-changing disorder with significant physical,
psychological, and socioeconomic burdens.” The syndrome is characterized by prominent, continuous pain that is
disproportionate to the inciting event.>* Diagnosis follows the Valencia consensus-based adaptation of the diagnostic
criteria set forth by the International Association for the study of Pain (IASP).> Although the underlying mechanisms are
complex and not yet fully understood, current evidence suggest that an abnormal, immune-mediated inflammatory
response is the initiating trigger.>’ This inflammation may initiate other peripheral and central mechanisms,’” which
may contribute to the persistence and severity of the condition. Early recognition and timely intervention with disease-

modifying therapy are therefore crucial to improve long-term outcomes.®
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Pamidronate is a nitrogen-containing bisphosphonate administered intravenously and widely used in clinical practice for
disorders characterized by bone turnover and inflammatory pain.”'® Several randomized controlled trials (RCT) have
demonstrated that bisphosphonates can provide clinically meaningful pain relief in CRPS, particularly in early disease
stages.!! Their analgesic effects are thought to be multifactorial, with inhibition of farnesyl-pyrophosphate synthase (FPPS),
a key regulator of osteoclast and immune cell function, representing an important pharmacodynamic mechanism.'’
Experimental studies in animal models further suggest that bisphosphonate-induced modulation of inflammatory signaling
and nociceptive processing contributes to their analgesic effects, providing a biologically plausible rationale for their use.'*'

Despite these promising mechanisms, evidence for bisphosphonates remains largely limited to studies in acute CRPS,
leaving their value in persistent CRPS unclear.'® In routine clinical practice at our tertiary referral center, intravenous
pamidronate has been used based on established feasibility, tolerability, and institutional experience. Our clinical
observations further indicate substantial heterogeneity in treatment responses. Given the limited evidence for bispho-
sphonate treatment in persistent CRPS, we aimed to evaluate the effectiveness and tolerability of intravenous pami-
dronate in patients treated in routine clinical practice at our tertiary referral center. Using real-world data, this study seeks
to provide insights into treatment outcomes in more heterogenous, persistent CRPS populations.

Materials and Methods

Study Design and Patient Selection

We conducted a single-center retrospective observational study among all CRPS patients who received intravenous
pamidronate as part of routine care at the Erasmus MC University Medical Center between June 2014 and June 2024.
Informed consent was waived by the medical ethical review board (MEC-2019-0319). The study complies with the
Declaration of Helsinki, the principles of Good Clinical Practice, and the applicable STROBE guidelines."*

To identify eligible patients, we systematically searched the medical database using predefined International
Classification of Diseases codes (MG30.04 for ICD-11 and G90.5, G90.6, and G90.7 for ICD-10) in combination with
documented pamidronate treatment. Patients were eligible if they met the Valencia consensus-based adaption of the IASP
diagnostic criteria® and were older than 18 years. We excluded patients who were taking immunomodulating medications
and those with prior bisphosphonate treatment elsewhere. Only data from the first treatment were included for patients
who received repeated treatments.

Outcomes

The primary outcome was the longitudinal change in pain intensity from baseline across multiple timepoints after
pamidronate infusion. Secondary outcomes included responder rates, documented subjective benefit and functional
improvement, reduction in pain medication, and the incidence and severity of treatment-related adverse events.

Pamidronate Treatment Protocol

The protocol for outpatient treatment with bisphosphonate for CRPS at our institution was developed in collaboration
with the Department of Internal Medicine. Laboratory tests, including creatinine and calcium levels, are performed prior
to infusion, and consultation with an expert internist is sought if abnormal findings are detected. If there is any doubt
regarding dental status, a dentist or oral and maxillofacial surgeon is consulted prior to infusion. Pamidronate is
contraindicated only in patients with significant hypersensitivity to bisphosphonates. Patients are monitored with pulse
oximeter and non-invasive blood pressure measurements before and after treatment. They receive 60mg of pamidronate
diluted in 500mL of 0.9% NaCl. The infusion rate is set at 15mg/h, with a total infusion time of 4 hours. We administer
this regimen monthly for a period of 3 months.

Data Collection

Outcomes were retrospectively extracted from medical records at target windows: baseline (pre-infusion), during
treatment and approximately 1, 3, 6, and 12 months after the last infusion, selecting the nearest routine-care assessment
with a prespecified tolerance (4 weeks). If none was available, the timepoint was recorded as missing.
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Baseline characteristics consisted of patient demographics (age, sex, and body-mass index [BMI]), CRPS character-
istics (date of diagnosis, duration of pain, pain intensity, affected limb[s], and signs and symptoms), previous medications
and interventions, current medication use, laboratory results (soluble Interleukin-2 receptor [sIL-2R], creatine, estimated
CKD-EPI glomerular filtration rate [eGFR], and calcium), and thermography results. Persistent CRPS was defined as
a disease that has lasted for more than 12 months.” Pain intensity was measured using the 11-point numeric pain rating
scale (NRS) from 0 to 10, recorded as a point measurement. The CRPS severity score (CSS)'® was calculated post-hoc
based on documented signs and symptoms. Patients were also classified post-hoc in the newly proposed CRPS
subtypes,16 consisting of the inflammatory, neuropathic/nociplastic, vasomotor, and motor subtype, based on the most
prominent signs and symptoms. When available, sIL-2R concentrations (elevated >555 U/mL, indicating the inflamma-
tory subtype) and/or thermography findings (warm asymmetry indicating the inflammatory subtype; cold asymmetry
indicating the vasomotor subtype) were used to support the classifications. A second investigator (MD) reviewed and
validated the subtype classifications.

Pain scores and subjective treatment benefits were collected for each timepoint. Perceived improvement in function-
ality and tapering of pain medication were collected from the 1-month timepoint onward. Treatment-related adverse
events were continuously recorded during each infusion and at the first clinical assessment.

Data collection took place between June 2024 and May 2025 and were stored in a pseudonymized format using
Castor™ EDC v2024.3.6.0.

Statistical Analysis

Statistical analyses were performed in R (version 4.4.1). As this was a retrospective observational study, the sample size
was determined by the available cohort of eligible treated patients. No formal a priori sample size calculation was used to
inform study design or inclusion. Data distribution was assessed visually (histograms and residual plots) and with the
Shapiro—Wilk test. Variables that met normality assumptions were presented as mean + standard deviation (SD) and non-
normally distributed data as median with interquartile ranges (IQR). Categorical data were reported as counts with
percentages. The primary analysis modeled longitudinal NRS pain scores with a linear mixed-effects model (LMM),
treating timepoint (eg, baseline, during, 1, 3, 6, and 12 months) as a categorical fixed effect and including a patient-
specific random intercept. This approach allows inclusion of all available observations and accommodates unequal
numbers of repeated measurements per patient resulting from variable follow-up. Observations were right-censored at the
last recorded assessment or at the start of any subsequent CRPS-related intervention (eg, rehabilitation, intravenous
ketamine, sympathetic blockade, neurostimulation, or repeat intravenous bisphosphonates) to reduce misattribution of
later effects to the index therapy. Concomitant medication was recorded but did not lead to censoring. The model was fit
by restricted maximum likelihood using all observed outcomes without imputation. Under a Missing-at-Random (MAR)
assumption conditional on the model’s fixed effects and random intercepts, the resulting estimates are unbiased.
Responders were defined as individuals who experienced a >2-point reduction in NRS score'’ or, when no paired
NRS data were available, subjective benefit was used. Continuous variables were examined using the unpaired #-test or
Mann—Whitney U-test, and categorical variables using the chi-square test or Fisher’s exact test, as appropriate. P-values
<0.05 (two-tailed) were considered statistically significant.

Results

Baseline Characteristics

We identified 110 patients, of whom 97 were included in the study (Figure 1). Our cohort consisted predominantly of
females (88%) with a median age of 45 (IQR 32-54). CRPS was localized mainly in the lower extremity (77%). The median
disease duration was 31 months (IQR 9-97), with 68 (70%) having persistent CRPS. Only 13 patients (13%) had
experienced pain for less than 1 year. The median CSS was 12 (IQR 10-13), with the inflammatory subtype being classified
in 37 patients (38%) (Table 1). Before receiving pamidronate treatment, almost all patients had undergone conventional
therapies or received medication, and 62% had even undergone interventional therapy (Supplementary Table 1).
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Table | Baseline Characteristics

Characteristics n=97
Median age (IQR) in years 45 (32-54)
Sex, female, n (%) 85 (88)
Median BMI (IQR) 26.1 (23.6-31.0)
Cause of CRPS, n (%)
Trauma 50 (52)
Operation 40 (41)
Spontaneous/unknown 7(7)
CRPS type |, n (%) 89 (92)
CRPS localization?, n (%)
Upper extremity 35 (36)
Lower extremity 75 (77)
Multiple extremities, n (%) 17 (18)
Median disease duration (IQR) in months 31 (9-97)
Median duration of pain (IQR) in months 43 (20-102)
Persistent CRPS®, n (%) 68 (70)
CRPS subtype?, n (%)
Inflammatory 37 (38)
Nociplastic/neuropathic 93 (96)
Vasomotor 32 (33)
Motor 14 (14)
Median CRPS severity score (IQR) 12 (10-13)
Median sIL-2R° (IQR) 501 (376-704)
Median creatinine (IQR) 69 (63-78)
Mean eGFR (SD) 94 (18)
Mean calcium (SD) 2.34 (0.12)
Concurrent pain medication use®, n (%)
Analgesics 81 (84)
Opioids 62 (64)
Co-analgesics 49 (51)
Free radical scavengers 26 (27)
Muscle relaxants and antispasmodics 13 (13)
Vasodilators 8 (8)
Corticosteroids 0 (0)

Notes: *Total may exceed 100% because patients may have multiple affected
extremities, more than one applicable subtype, or may be using multiple
concurrent pain medications. ®Persistent CRPS was defined as patients having
a disease duration of more than 12 months. “sIL-2R measurement was available

in 54 participants.

Abbreviations: BMI, Body Mass Index; CRPS, Complex Regional Pain
Syndrome; sIL-2R, soluble Interleukin-2 Receptor; eGFR, estimated glomerular

filtration rate.

Retention and Missing Data
Figure 1 summarizes retention, censoring, and completeness of NRS scores per timepoint. At the during treatment, 1-, 3-,
6-, and 12-month timepoints, the analysis set for the LMM contained 97, 96, 87, 68, and 35 patients. Of the 62 patients
censored before 12 months, 46 received alternative therapies and 16 had no further assessments available. NRS scores
were available for 96 of 97 at baseline (99%), 41 of 97 during treatment (42%), 63 of 96 at 1 month (66%), 40 of 87 at 3
months (46%), 29 of 68 at 6 months (43%), and 17 of 35 at 12 months (49%).
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Assessed for
eligibility (n=110)

Excluded (n= 13)
No CRPS diagnosis (n= 3)
Concurrent interventional therapy (n= 1)
Therapy after amputation (n= 4)
Therapy outside inclusion period (n= 5)

A 4

[ Included (n=97) ]

12-month

6-month

During 1-month 3-month
treatment timepoint timepoint timepoint timepoint
(n=97) (n=96) (n=87) (n=68) (n=35)

Alternative
therapy (n=26)
Lost to follow-
up (n=7)

Alternative
therapy (n=14)
Lost to follow-
up (n=5)

Alternative
therapy (n=5)
Lost to follow-
up (n=4)

Alternative
therapy (n=1)

Available NRS: Available NRS: Available NRS: Available NRS: Available NRS:
n= 41 (42%) n=63 (66%) n= 40 (46%) n= 29 (43%) n=17 (49%)

m censoring m

Figure | Flowchart of patient inclusion, censoring and missing NRS scores.

Effectiveness
Pain trajectories are shown in Figure 2 and Table 2. The estimated mean NRS at baseline was 7.95 (95% CI: 7.66 to 8.25) and

declined significantly during the infusion period, with a mean difference of —1.46 (95% CI: —1.92 to —1.00; p<0.001). The
mean difference remained significant at 1 month (—=1.10; 95% CI: —1.49 to —0.70; p<0.001) and at 3 months (—0.66; 95% CI:
—1.13 to —0.20; p<0.01), whereas changes at 6 and 12 months were not. Responder rates were 40% during treatment, 34% at
1 month, and 22% at 3 months (Table 3). Subjective benefit alone was reported by 36% and functional improvement by 29%
at 1 month (Table 3). Across follow-up, 11 patients (11%) tapered their pain medications.

Adverse Events

A full cycle of 3 infusions (3 months) was completed by 88 patients (91%), with 6 patients (6%) discontinuing
prematurely due to side effects and 3 due to logistical issues. Adverse events occurred in 88 patients (91%) during or
shortly after treatment (Table 4). No serious treatment-related adverse events, such as osteonecrosis of the jaw or atypical
fractures, occurred, although 25 patients (26%) developed phlebitis. The most common adverse events were the acute
phase reaction (63%), followed by pain or a reaction at the infusion site (33%), and myalgia (26%).

Discussion
In this single-center retrospective observational study of predominantly persistent CRPS patients, pamidronate was

associated with a modest short-term reduction in pain lasting up to 3 months. Adverse events were common but generally
mild. Overall, these findings suggest limited clinical benefit of intravenous pamidronate in persistent CRPS, with

cautious interpretation of longer-term outcomes.
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Figure 2 Estimated mean NRS by timepoint from the linear-mixed model with a patient-specific random intercept. Observations are right censored at the last assessment
or the start of a subsequent CRPS intervention. Data are shown as mean * 95% confidence interval (error bars), with the asterisk (¥) denoting a statistically significant
reduction versus baseline (p<0.05).

Effectiveness of Bisphosphonates
The quality of evidence for bisphosphonate treatment was recently rated as low to moderate by the Cochrane review and

the interventional CRPS guideline, and it was recommended for short-term pain relief with low to moderate certainty.'*'®

Table 2 Linear Mixed Model-Based Pain Score Estimates

Timepoint Estimated Pain Score (95% CI) | Mean Difference from Baseline (95% CI) | p-value
Baseline 7.95 (7.66 to 8.25) - -
During treatment 6.49 (6.06 to 6.93) —1.46 (—1.92 to —1.00) <0.001
I-month follow-up 6.86 (6.50 to 7.22) —1.10 (-1.49 to —0.70) <0.001
3-months follow-up 7.29 (6.86 to 7.73) —0.66 (—1.13 to —0.20) <0.01
6-months follow-up 7.49 (6.98 to 7.99) —0.47 (—1.00 to 0.07) 0.09
12-months follow-up 7.37 (6.73 to 8.00) —0.59 (—1.24 to 0.06) 0.08

Note: Pain scores were estimated from a linear mixed model treating timepoint (eg, baseline, during, |, 3, 6, and 12 months) as a categorical
fixed effect and including a patient-specific random intercept.

Table 3 Proportion of Responders, Patients with Subjective Benefit and Improved Functionality

Timepoint Responders, n (%) | Subjective Benefit, n (%) | Improved Functionality, n (%)
During treatment 39 (40) 45 (46) -

I-month follow-up 33 (34) 35 (36) 28 (29)

3-months follow-up 19 (22) 20 (23) 18 (21)

6-months follow-up 11 (16) I (16) 11 (16)

12-months follow-up 8 (23) 3(9 4 (1)

Note: Responders were defined as individuals who experienced a 22-point reduction in NRS score or, when no paired NRS data were
available, subjective benefit was used.
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Table 4 Adverse Events

Adverse Events, n (%) n=97
Acute phase reaction 61 (63)
Pain or reaction at infusion site | 32 (33)
Myalgia 25 (26)
Phlebitis 25 (26)
Headache 19 (20)
Nausea or vomiting 16 (16)
Hypocalcemia 15 (15)
Bone pain I(rn
Hypertension 10 (10)
Vomiting 5(5)
Abdominal pain 303)
Arthralgia 2(2)
Conjunctivitis 1 (1)
Diarrhea 1 (1)
Insomnia 1(1)
Rash 1 (I
Osteonecrosis of the Jaw 0 (0)

Note: Treatment-related adverse events were cap-
tured continuously during each infusion and at all
follow-up timepoints. Multiple events may occur per
patient.

In placebo-controlled trials, bisphosphonates (irrespective of compound, dosing, or route) reduced pain on the NRS with
a standardized mean difference (SMD) of —2.6 (95% CI: —1.8 to —3.4)."* A pooled analysis by Fassio et al which also
included post-stroke CRPS and active-controlled studies found a similar benefit, reporting a weighted mean difference
(WMD) of —23.8 (95% CI: —28.0 to —19.6) on the VAS/NRS."! Long-term durability has only been evaluated in the
open-label extension of the neridronate RCT, in which almost all participants maintained their improvement at one-year
follow-up.'® Several retrospective studies have reported significant long-term effects, with response rates ranging from
56% to 91% at 12 months or beyond. In addition, more than 75% of patients no longer met the CRPS diagnostic criteria
or had fewer symptoms.'® 2! Specifically for pamidronate, a small RCT demonstrated a significant pain reduction at 3
months after a single 60mg infusion, although no benefit was seen at 1 month.>> A recent retrospective study of 255
patients (mean symptom duration 24 months, variable dosing) found only 14.5% responders at 1 month, rising to 67.1%
at 4 months.> In contrast, our cohort showed a modest reduction in pain during treatment up to 3 months. The estimated
MD remained small (MD —1.10 [95% CI: —1.49 to —0.70] at 1 month and —0.66 [95% CI: —1.13 to —0.20] at 3 months)
and may therefore have limited clinical value, despite responder rates of 34% and 20%, respectively. Taken together,
previous studies and our data confirm a robust early analgesic benefit but differ in terms of the magnitude and durability
of the response.

Plausible explanations for the smaller effect size and limited durability in our study include the clearly different case-
mix and methodological approach. Nevertheless, the symptom improvement observed in a subset of patients may reflect
residual anti-inflammatory and neuromodulatory effects of pamidronate, even in the context of longstanding disease. In
the RCTs and other long-term reports, males accounted for 23—55% of participants and the mean age was frequently
above 55 years.'®2"**72¢ In contrast, our study predominantly consisted of females (88%) with a median age of 45 years.
Disease chronicity also differed significantly from previous studies. Bisphosphonate therapy was usually started within 6

months of the disease onset,!”2%2*2¢

reflecting mainly acute CRPS. This distinguishes our study, as we investigated
a mixed population with a median CRPS duration and pain duration exceeding 1 year in most participants (70% and
87%, respectively), representing a cohort with predominantly persistent disease. This distinction is crucial, as several
proposed mechanisms of bisphosphonates are time dependent. For example, inhibition of FFPS and the resulting decrease

in pro-inflammatory cytokine release are only effective when inflammation is still active. Once residual damage and
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nociplastic changes have developed, the relevance of this anti-inflammatory mechanism likely diminishes.*’ Similarly,
bisphosphonate-induced reductions in microglial activation may help to prevent or limit peripheral and central sensitiza-
tion, processes that otherwise become increasingly pronounced over time. Acute CRPS can also be difficult to distinguish
from prolonged healing, disuse, or overuse. Consequently, early interventions may appear highly effective, although their
apparent benefit can be confounded by natural recovery. Symptoms often improve within the first 6 months,” while
persistent CRPS is defined by symptoms lasting longer than 12 months.” Moreover, some studies included concurrent
physiotherapy,?%¢ further confounding true treatment effects. In addition, our conservative handling of missing data and
response rates may have led to lower estimates and responder rates than previously reported. In summary, the specific
demographic profile, pathophysiological features of persistent CRPS, and conservative methodological approach are
likely to explain the more modest and less durable treatment effects in our cohort. Although prior studies have suggested
predictors of response, our data did not allow reliable identification of patient characteristics associated with

a meaningful treatment response.

Tolerability of Bisphosphonates

Bisphosphonates are well tolerated in CRPS patients, with no serious adverse events, such as osteonecrosis of the jaw
and atypical fractures, reported thus far.'' However, adverse events were more common in patients receiving bispho-
sphonates than in those receiving placebo (relative risk [RR]: 2.1; 95% CI: 1.3 to 3.5), affecting up to 63% of
patients.'""'? We observed an even higher rate of treatment-related adverse events, reported by 88% of patients, with
acute phase reactions being the most common (63%). Despite the high incidence of side effects, only 6 patients (6%)
discontinued prematurely. Consistent with previous studies, our findings support the overall conclusion that bispho-

sphonates are well tolerated and safe in the treatment of CRPS.'""?

Strengths and Limitations

Drawing firm conclusions about the effectiveness of bisphosphonate therapy remains challenging given the limitations of
the existing evidence. Most previous RCTs did not specify the diagnostic criteria used, enrolled patients with short
disease duration, and were geographically concentrated in Italy, limiting generalizability and underrepresenting persistent
CRPS. The few RCTs that included persistent CRPS patients were terminated early for futility,'® raising concerns about
publication bias. While our findings contribute new data on persistent CRPS, they should be interpreted in light of the
limitations posed by the single-arm retrospective observational design.

First, without a comparison group, observed changes cannot be fully separated from natural recovery, regression to
the mean, or placebo effects. Although several features of this cohort mitigate these risks, they do not eliminate them.
Most patients had persistent CRPS, a stage where spontaneous remission is uncommon.” Many also had previously failed
interventional treatments, a context in which explicit expectations of benefit are often dampened, potentially reducing
expectancy-driven placebo responses.”® Even so, non-expectancy placebo mechanisms and unmeasured confounding (eg,
psychosocial factors or subtle subtype differences that influence both treatment selection and outcomes) cannot be
excluded. Second, the retrospective design resulted in missing or inconsistently reported data. We modeled pain
trajectories with an LMM, which uses all available repeated measures. For the 1- and 3-month timepoints, data
availability was higher, allowing more reliable estimation of short-term effects. In contrast, at the 6- and 12-month
timepoints, more than 75% of patients were censored due to initiation of alternative therapies. As a result, conclusions
regarding longer-term effectiveness are uncertain, and these should be interpreted with caution. Nevertheless, the overall
pattern of pain trajectories, characterized by improvement during treatment followed by a subsequent decline, supports
the conclusion that any analgesic benefit of pamidronate may be short-lasting. Last, our cohort included a higher
proportion of persistent CRPS than prior trials, limiting comparability with studies of early disease. At the same time,
our heterogeneous, practice-based sample better reflects routine care. Nonetheless, given the possible effect modification

by duration, our findings likely generalize best to persistent CRPS rather than uniformly across all durations.

8 htps: Journal of Pain Research 2026:19



van der Spek et al

Conclusion

In routine clinical practice, intravenous pamidronate was generally well tolerated and associated with modest, short-term
pain relief in patients with predominantly persistent CRPS. Given that this effect was modest and not sustained beyond
the initial treatment period, the overall clinical benefit in persistent CRPS appears limited. These findings underscore the
need for cautious interpretation and highlight the importance of further prospective studies to better define the role of
bisphosphonates across different stages of CRPS.
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