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Abstract

Background. Ketamine infusions are frequently employed for refractory complex regional pain syndrome (CRPS), but
there are limited data on factors associated with treatment response. Sympathetic blocks are also commonly
employed in CRPS for diagnostic and therapeutic purposes and generally precede ketamine infusions. Objectives.
We sought to determine whether demographic and clinical factors, and technical and psychophysical characteristics
of sympathetic blocks are associated with response to ketamine infusion. Methods. In this multi-center retrospective
study, 71 patients who underwent sympathetic blocks followed by ketamine infusions at 4 hospitals were evaluated.
Sympathetically maintained pain (SMP) was defined as > 50% immediate pain relief after sympathetic block and a
positive response to ketamine was defined as > 30% pain relief lasting over 3 weeks. Results. Factors associated with
a positive response to ketamine in univariable analysis were the presence of SMP (61.0% success rate vs 26.7% in
those with sympathetically independent pain; P=.009) and post-block temperature increase (5.66 * 4.20 in ketamine
responders vs 3.68 = 3.85 in non-responders; P=.043). No psychiatric factor was associated with ketamine
response. In multivariable analysis, SMP (OR 6.54 [95% CI 1.83, 23.44]) and obesity (OR 8.75 [95% 1.45, 52.73]) were
associated with a positive ketamine infusion outcome. Conclusions. The response to sympathetic blocks may predict
response to ketamine infusion in CRPS patients, with alleviation of the affective component of pain and predilection
to a positive placebo effect being possible explanations.

Key Words: Complex Regional Pain Syndrome; Ketamine; Predictive Test; Reflex Sympathetic Dystrophy; Stellate Ganglion Block;
Sympathetic Block

Introduction treat [1-3]. Similar to other syndromes that are pheno-

Complex regional pain syndrome (CRPS) is a debilitating  typically variable, lack distinct pathophysiological mech-
clinical condition that is challenging to diagnose and  anisms, and are devoid of biomarkers, the most common
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form of CRPS- type 1, which comprises nearly 90% of
cases- is often classified as a nociplastic condition, of
which central sensitization is a hallmark [1, 4].
Clinically, CRPS type 1 and type 2, which bridges the
gray zone between neuropathic and nociplastic pain, are
clinically indistinguishable [4, 5].

Two of the most common treatments for CRPS are
sympathetic blocks and ketamine infusion, neither of
which has been studied in high-quality randomized stud-
ies. A systematic review evaluating sympathetic blocks
for CRPS found scant evidence for meaningful therapeu-
tic benefit based on predominantly low-quality studies
[6]. Nevertheless, most algorithms still advocate sympa-
thetic blocks to distinguish between sympathetically
maintained pain (SMP) and sympathetically independent
pain (SIP), which may have treatment implications [7].
For ketamine, there is weak evidence, also based on low-
quality studies, for benefit lasting at least 4 weeks [8, 9].

Although ketamine infusions may provide pain relief
in select individuals with refractory CRPS, infusions are
labor intensive, are associated with frequent and occa-
sionally significant side effects, and are currently devoid
of current procedural terminology (CPT) codes, which
translates to high out-of-pocket expenses for desperate
patients who might benefit [9]. Moreover, studies have
failed to identify a subpopulation likely to respond to
treatment, though it has been hypothesized that long-
term benefit may derive more from attenuation of the
affective-motivational component of pain than the
sensory-discriminative component; this may be especially
relevant in CRPS, which is associated with a high burden
of psychopathology [1, 4, 10]. For procedures that carry
significant risks and costs, and where a subset of res-
ponders has not been clearly identified, pre-procedure
screening tests may have clinical utility. Previously, sym-
pathetic blocks have been used to screen CRPS patients
for botulinum toxin injections and surgical sympathec-
tomy and have had mixed results in predicting response
to spinal cord stimulation [11-14]. However, their prog-
nostic value has not been studied for ketamine infusions
despite growing utilization. Our objectives are to deter-
mine whether temperature change and response to sym-
pathetic blocks are correlated with response to ketamine,
and to identify a subset of responders.

Methods

Selection Criteria

Permission to conduct this study was granted by the
Institutional Review Boards of the Johns Hopkins School
of Medicine, Seoul National University and Cleveland
Clinic, and the public affairs office at the Uniformed
Services University. Patients diagnosed with CRPS based
on clinical Budapest Criteria [7] between January 2011
and December 2021 were identified by International
Classification Diseases (ICD)-9 (e.g., 337, 354, 355) and

ICD-10 (G90) codes and cross-referenced with those
who received sympathetic blocks (e.g., 64510, 64520)
and ketamine infusions (96365) based on Current
Procedural Technology (CPT) codes.

Inclusion criteria included adult patients with CRPS
who received a stellate ganglion or lumbar or thoracic
sympathetic block followed at various time intervals
(median interval 209 days, interquartile range 77-499)
by a ketamine infusion; individuals with pre- and post-
block temperatures and pain scores recorded; and those
with pre- and 4-8-week post-infusion ketamine scores
recorded. Excluded from analysis were patients with
insufficient documentation of pre- or post-block or ket-
amine infusion outcomes (e.g., temperatures and pain
scores); those who failed to meet full Budapest criteria
for CRPS including individuals with a diagnosis of
CRPS-NOS (not otherwise specified); and patients who
received concomitant analgesic therapy (e.g., opioid ther-
apy, a new adjuvant) between their ketamine infusion
and follow-up that might confound analysis; in those
who received concurrent analgesic therapy before their
4-8-week intermediate-term post-block follow-up, these
follow-up data were omitted. In patients who underwent
serial blocks or repeat ketamine infusions (n =41 includ-
ing nine non-responders), only data from the initial pro-
cedure was analyzed.

Procedures

Sympathetic Blocks

All procedures were performed in accordance with previ-
ously published standards using image guidance [5, 11,
14]. Patients were pre-hydrated with intravenous fluids,
monitored by an anesthesiologist, and received light
sedation with fentanyl and midazolam as indicated
(n=18). Stellate ganglion blocks (SGB) were performed
for upper extremity CRPS, and lumbar sympathetic
blocks (LSB) for lower extremity symptoms. For SGB
done with ultrasound, local anesthetic (LA) was injected
between the prevertebral fascia and longus colli muscle
or just anterolateral to it at C6, while fluoroscopically
guided procedures were done by injecting LA just ante-
rior to the medial part of the C6 or C7 transverse process.
Lumbar sympathetic blocks were performed at one or
more than one (n=235) level between L2 and L4 using dig-
ital subtraction or real-time contrast injection to confirm
spread to the antero-lateral aspect of contiguous lumbar
vertebral bodies, as well as to ensure the absence of intra-
vascular, muscular or nerve root spread. When the treat-
ing physician was satisfied with contrast spread, a LA
solution comprised of lidocaine 1%-2% (n=29), bupiva-
caine or levobupivacaine 0.25%-0.5% (n=352), or a
50:50 mixture of the two (n=10), was incrementally
injected at volumes ranging from 5-10 mL for SGB and
10-20 mL for LSB.
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Ketamine Infusions

Most ketamine infusions were performed in an outpa-
tient setting over a 4-hour period, with vital signs moni-
tored by a nursing team and anesthesiologist. One
patient received a multi-day inpatient procedure. The
mean dose of ketamine was 174.54mg (SD 149.45).
Midazolam or clonidine was given preemptively or as
needed to prevent or treat psychomimetic and sympatho-
mimetic effects, and antiemetics were utilized as needed
for nausea and vomiting.

Data Collection

Data were collected on a range of demographic, clinical,
and technical factors chosen based on their effects on
outcomes for CRPS treatment [7, 15, 16]. Baseline demo-
graphic and clinical information collected included age,
sex, type of CRPS, etiology, location, co-existing psycho-
social conditions, baseline pain score, secondary gain,
smoking and obesity status, and opioid consumption.
Technical block parameters recorded included type, loca-
tion, volume and anesthetic mixture, and baseline and
post-block temperatures. Block volumes were defined as
high when volumes exceeded 16 mL for lumbar sympa-
thetic blocks or 8 mL for SGB. Procedural data recorded
for ketamine infusions included type (single or multi-
day), dose, and post-discharge pain score.

Outcomes Measures

Pre- and post-block temperatures were measured by
applying non-contact infrared thermometers or skin tem-
perature sensors at two or three areas on the distal pal-
mar and plantar surfaces of the hands or feet, with the
mean temperature calculated. These techniques have
been shown to be reliable and highly correlated [17].
Sympathetic blocks were considered technically success-
ful when the increase in temperature in the affected
extremity exceeded 2” C [5, 18].

A diagnosis of SMP was rendered for individuals who
experienced > 50% immediate pain reduction based on
6-hour pain diaries or prior to clinic discharge in those
who did not receive or return diaries [5, 13-15]. In 44
patients, a post-block pain score was not recorded, with
only a designation of SMP or SIP reported. A positive
intermediate-term outcome was pre-defined as a>30%
diminution in average pain score at 4-8-week follow-up
visits for sympathetic blocks and after ketamine treat-
ment [9, 19].

Statistical Analysis

All statistical analyses were conducted in R version 3.6
software. Descriptive statistics are presented as counts or
proportions for categorical variables and means/standard
deviations (SDs) for continuous variables. x> tests were
used to assess statistical significance of differences in pro-
portions for categorical variables, while Student t-tests
were used to assess statistical significance of differences

in means for continuous variables. Correlation between
two continuous variables were calculated via Pearson
correlation coefficient. In the multivariable logistic
regression model, where response to ketamine was the
outcome of interest, we adjusted for age, sex, obesity,
SMP, positive intermediate-term outcome after sympa-
thetic block, and increase in temperature based on prede-
termined assumptions and P values < .2 in univariable
analysis. Multivariable regression results are presented as
adjusted odd ratio (aOR) with 95% confidence intervals
(CI). Statistical tests were considered significant if two-
sided P values were < .05.

Results

Baseline Data

Three hundred and fifty-three patients were screened,
with 71 meeting selection criteria. These patients had a
mean duration of symptoms of 49.73 (SD 41.60) months,
moderate-to-severe pain (mean NRS pain score 7.08 *
1.79) and 59.2% were females. Most had CRPS 1
(84.5%), had lower extremity involvement (91.5%), and
had at least one psychiatric co-morbidity (60.6%), with a
slight majority being on opioids (54.9%). Twelve
(16.9%) patients were obese and all but 4 (94.4%)
reported an inciting event.

Results of Sympathetic Blocks

Most blocks were performed using low volume plain
bupivacaine or levobupivcaine (67.6%), with the mean
temperature rising 4.60° C (SD 4.11) from a baseline of
28.10" C (SD 3.84). Nine (12.7%) patients experienced a
temperature rise < 2 C (a technically unsuccessful
block), though all but one of these patients had their pro-
cedure performed in an operating room with a long-
acting local anesthetic, and their post-block temperature
was recorded right before transfer (< 10 minutes). In
these patients, 44.4% experienced >50% decrease in
pain immediately post-block (i.e., were diagnosed with
SMP) and 44.4% had a positive response to ketamine.
When a sensitivity analysis was performed eliminating
these 9 patients from the data set, there were no signifi-
cant changes in any variable (Supplementary Data
Tables 1 and 2).

The average percent reduction in immediate post-block
pain was 54.7% (SD 30.0%) for those with this data
recorded, with 41 (57.7%) being diagnosed with SMP.
The use of sedation had no effect on the diagnosis of SMP,
with 61.1% (n=11) of patients who were sedated experi-
encing > 50% immediate pain reduction vs 56.6% of
those who did not receive sedation (P=.954). Four to
eight weeks post-block, the average reported pain score
was 6.96 (SD 1.89), with only 6 (8.5%) experiencing a
positive intermediate term outcome, defined as > 30%
pain reduction lasting > 1 month.
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Table 1. Demographic and clinical characteristics stratified by response to ketamine infusion
Positive Response to Negative Response to
Demographic and Clinical Ketamine Infusion Ketamine Infusion
Characteristics Total Cohort (N=71) (N=33)* (N=238) P Value
Age (mean, years * SD) 40.33 £ 12.62 39.42 = 12.55 41.13 £12.79 573
Sex (% female) 59.18 63.64 55.26 .636
Duration of pain (average, months + SD) 49.73 + 41.60 45.64 = 40.82 53.29 = 42.49 442
Presence of inciting event (n, %)
None 4(5.63) 2 (6.06) 2(5.26) 1
Surgery 21 (29.58) 8 (24.24) 13 (34.21) S11
Fall 10 (14.08) 6(18.18) 4(10.53) .560
Other 38 (53.52) 18 (54.55) 20 (52.63) 1
CRPS type (n, %) .799
Type 1 60 (84.51) 27(81.82) 33 (86.84)
Type 2 11 (15.49) 6 (18.18) 5(13.16)
Coexisting psychiatric disorder (n, %)"
None 8 (39.44) 13(39.39) 15 (39.47) 1
Depression 2 (45.07) 14 (42.42) 18 (47.37) .858
Anxiety 8(25.35) 9(27.27) 9(23.68) 942
PTSD 2 (30.99) 11(33.33) 11 (28.95) .888
Substance abuse 1(1.41) 1(3.03) 0(0) 943
Other 2(2.82) 2 (6.06) 0(0) 412
Multiple? 5(35.21) 13 (39.39) 12 (31.58) .661
Obesity (n, %) 12 (16.90) 9(27.27) 3(7.89) .064
Baseline pain score (0-10, = SD) 7.08 = 1.79 6.86 = 1.57 7.26 +1.97 .345
Opioid use (n, %) 39 (54.93) 17 (51.52) 22 (57.89) .764

CRPS = complex regional pain syndrome; PTSD = posttraumatic stress disorder.

> 30% decrease in average pain score lasting > 3 weeks.

Individuals with > 2 psychiatric conditions counted in “multiple” and the individual categories.

Ketamine Infusion Outcomes and Factors
Associated with Success

Thirty-three (46.5%) patients had a positive ketamine infu-
sion outcome, with the mean NRS pain decreasing from
7.24 (SD 2.00) pre-infusion to 3.64 (SD 2.28) at > 4-week
follow-up. In univariable analysis, temperature increase
(5.66 C *+ 4.20 in those with a positive outcome vs 3.68
C +/- 3.85 in those with a negative outcome; P=.043)
and SMP (61.0% success rate vs. 26.7% in those with sym-
pathetically independent pain; P=.009) were associated
with success. Seventy-five percent of the 12 obese patients
experienced a positive ketamine outcome vs 25% of non-
obese subjects (P=.064). There were no associations
between depression (P =.858) or any psychiatric condition
(P=1) and response to ketamine. Neither immediate post-
block pain relief nor intermediate-term outcome (83.3%
success rate in the 6 individuals who experienced >30%
pain relief 4-8 weeks post-block vs 43.1% in those with a
negative intermediate-term outcome; P =.143) were signif-
icantly associated with ketamine outcome (Tables 1 and 2,
Figure 1).

In multivariable analysis, the presence of SMP (OR
6.54 [95% CI 1.83, 23.44]) and obesity (OR 8.75 [95%
CI 1.45, 52.73]) were associated with response to ket-
amine, while temperature rise (OR 1.03 [95% CI 0.87,
1.20]) was not secondary to collinearity with SMP
(Table 3).

Discussion

Main Findings

Our main findings were that immediate pain relief after
sympathetic block and obesity predicted response to ket-
amine infusion. We also found no significant difference
in ketamine response between individuals with psychiat-
ric co-morbidities and those without. There have been
few studies evaluating prognostic factors for ketamine
infusion, with most being performed in depressed
patients [20]. In one cohort study evaluating inpatient
ketamine infusions performed in 85 children with sickle
cell crises, the authors found male sex, younger age, lon-
ger infusions and generalized pain to be associated with
greater reductions in pain scores 1-day after infusion dis-
continuation [21].

Rationale for Predictive Tests and Comparison to
Other Literature

Studies have shown that only a small percentage of peo-
ple derive long-term benefit from sympathetic blocks [3,
6, 14], and while sympathetic blocks have been advo-
cated to improve one’s ability to participate in physical
therapy, the evidence for this is anecdotal [22]. Studies
evaluating predictive tests, which may be more beneficial
and cost-effective in identifying patients for therapeutic
interventions that are expensive and risky, typically
involve a short-term test or treatment (e.g., an infusion)
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Table 2. Parameters and results of sympathetic blocks stratified by response to ketamine infusion

Parameters and Results of Sympathetic

Positive Response to
Ketamine Infusion

Negative Response to
Ketamine Infusion

Block Total Cohort (N=71) (N=33)* (N=238) P Value
Local anesthetic choice (n, %) 0.343
Bupivacaine 8(11.27) 4(12.12) 4(10.53)
Lidocaine 9 (12.68) 6(18.18) 3(7.89)
Bupivacaine- Lidocaine 10 (14.08) 6 (18.18) 4(10.53)
Levobupivacaine 44 (61.97) 17 (51.52) 27 (71.05)
% Immediate pain relief from block? 54.73 £ 30.03 56.04 +29.93 52.82 £ 31.52 0.793
Sympathetically maintained pain* 0.009
Yes 41 (57.75) 25 (75.76) 16 (42.11)
No 30 (42.295) 8(24.24) 22 (57.89)
Positive intermediate-term outcome after 0.143
sympathetic block$
Yes 6(8.45) 5 (15.15) 1(2.63)
No 65 (91.55) 28 (84.85) 37(97.37)
Baseline temp (average, degrees C = SD) 28.10 = 3.84 27.61 = 4.53 28.52 = 3.12 0.336
Increase in temperature (mean, * SD, 4.60 + 4.11 5.66 = 4.20 3.68 = 3.85 0.043
degrees C)
High volume blocks (>8 for SGB, >16 for 9 (12.68) 5 (15.15) 4(10.53) 0.821
LSB) (n, %)
Location (n, %) 0.200
LSB 65 (91.55) 29 (87.88) 36 (94.74)
SGB 5(7.04) 4(12.12) 1(2.63)
TSB 1(1.41) 0 (0) 1(2.63)

LSB = lumbar sympathetic block; SGB = stellate ganglion block; TSB = thoracic sympathetic block.

*>30% decrease in average pain score lasting > 3 weeks.
TBased on 27 patients.

*> 50% relief immediately following sympathetic block persisting for > 3 hours.

$> 30% decrease in average pain score lasting > 4 weeks.

to assess response to a longer-term treatment (e.g., oral
medications, or selective nerve root blocks, discography,
or electrodiagnostic testing to identify surgical candi-
dates). For example, Cohen et al. found that a low-dose
IV ketamine infusion predicts response to dextromethor-
phan, an oral N-Methyl-D-Aspartate antagonist not typi-
cally covered by payers, and several authors have used IV
opioid infusion tests to identify candidates for chronic
opioid therapy, which carries significant long-term risks
[23].

Two retrospective studies evaluated the use of sym-
pathetic blocks to predict spinal cord stimulation out-
comes in CRPS patients, with the smaller finding
prognostic value but the larger study finding minimal
predictive ability [13, 14]. In a small prospective study
by Davis et al. [24], six patients with CRPS underwent
sympathetic blocks and phentolamine infusions (n=235),
with 4 being diagnosed with SMP. These four patients
all experienced improvement in hyperalgesia after
application of transdermal clonidine, although in three
the relief of symptoms was limited to the area under
the patch, suggesting a local effect. As noted, sympa-
thetic blocks in CRPS patients have also been used to
successfully identify patients for blocks performed with
botulinum toxin and neurolytic agents, and for surgical
sympathectomy, though these studies tended to be
small, uncontrolled and yielded mixed results, and the

treatments themselves can result in serious complica-
tions [12, 25, 26].

Explanation of Findings

The correlations between temperature rise following
sympathetic block and response to ketamine infusion,
and immediate (SMP) pain relief after sympathetic block
and relief with ketamine, may seem counterintuitive as
the former blocks the sympathetic nervous system, while
the latter indirectly stimulates it. The significant associa-
tion between SMP and response to ketamine (P =.009)
but lack of statistically significant correlation between
pain reduction after sympathetic blocks and ketamine
(P=.46) may be explained by the difference in numbers
(i.e., while all patients had the binary variable SMP or
SIP recorded, not all had post-block pain scores). For the
non-statistically significant intermediate-term effects, nei-
ther the sympathetic stimulatory effects of ketamine nor
the sympatholytic effects of sympathetic blocks are
enduring, which negates the contrasting physiological
effects [9, 11] One possible area of overlap is the placebo
effect, which tends to be strongest for conditions associ-
ated with subjective outcomes such as chronic pain and
the psychiatric co-morbidities that often accompany it
[27]. This may be particularly relevant for CRPS, which
contains nociplastic qualities [4]. The placebo effect is
especially powerful for ritualistic procedures associated
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Figure 1. Graphs showing the correlation between pain relief > 4 weeks post-ketamine infusion and (A) temperature increase after
sympathetic block; (B) pain relief immediately after sympathetic block; and (C) pain relief 4-8 weeks post-sympathetic block.

Table 3. Multivariable analysis evaluating factors associated
with ketamine infusion outcome.

Variable Odds Ratio [95% CI] P Value
Age at sympathetic block 0.99 [0.94, 1.03] .549
Female sex 1.34[0.43, 4.20] 610
Obesity 8.75[1.45, 52.73] .018
SMP 6.54 [1.83, 23.44] .004
Positive intermediate- 6.13 [0.50, 75.06] 156
term outcome after
sympathetic block
Increase in post-block 1.03[0.87, 1.20] 757

temperature

SMP = sympathetically maintained pain.

with obvious physical effects such as sympathetic blocks
and ketamine infusions and is reproducible and enduring
based on patient expectations [28]. Because the placebo
effect depends on genetics, physician-patient relationship
and expectations, individuals who experience a placebo
response to one therapeutic intervention are more likely

to respond to another. In one meta-analysis evaluating
the placebo effect in 20 trials for CRPS, a modest placebo
effect was observed for up to 1 week (18.4 points imme-
diately post-treatment, 6.8 points at 1-week on a 0-100
pain scale), with no appreciable placebo response at
intermediate or long-term follow-up [29]. However, only
three trials containing 47 placebo patients received either
ketamine or sympathetic blocks. In the current study, the
44.4% of patients who were diagnosed with SMP despite
having a less than 2° C increase in temperature suggests
there was a significant placebo response. In addition to
the placebo effect, there may also be unmeasured psycho-
logical variables such as positive affect that influence
treatment response [30]. Collectively, these may explain
the phenomenon whereby an individual who responds to
one or multiple pain treatments is more likely to respond
to subsequent treatments.

A second more intriguing possibility is that sympa-
thetic blocks and ketamine exert long-standing analgesic
effects via modulation of the affective-motivational
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Figure 2. Mechanistic overlap between the intermediate-term analgesic effects of sympathetic blocks and ketamine: Reducing the
affective-motivational component of pain (drawings by Seffrah Cohen). (A) Glutamate released into the synaptic cleft activates a-
Amino-3-Hydroxy-5-Methyl-4-Isoxazolepropionic Acid (AMPA) receptors, which allows entry of sodium ions into the postsynaptic
neuron. Depolarization of the postsynaptic membrane results in removal of the voltage-dependent magnesium block on the N-
Methyl-D-Aspartate (NMDA) receptor, facilitating activation. This activation, which is enhanced and dysregulated in depression, is
blocked by ketamine. Ketamine may also alleviate depression by increasing levels of brain-derived neurotrophic factor (BDNF) in
brain regions involved in emotions such as the amygdala and nucleus accumbens and activating L-type voltage-dependent calcium
channels (VDCC). (B) Sympathetic blocks may alleviate the affective-motivational component of pain by reducing peripheral and
central cytokine levels, which are elevated in depressed people, as well as modulating sympathetic overactivity. AMPAR = o-
Amino-3-Hydroxy-5-Methyl-4-Isoxazolepropionic Acid (AMPA) receptor; BDNF = brain-derived neurotrophic factor; Ca2™ =
Calcium ions; GABAA R = y-Aminobutyric acid type A receptor; Mg2™ = Magnesium ions; NMDAR = N-Methyl-D-Aspartate
(NMDA) receptor; TrkB = Tropomyosin receptor kinase B; VDCC = voltage-dependent calcium channel.

component of pain; this is supported by the enduring
effect on mood, at least for SGB [31] (Figure 2). If true,
more complete blocks (greater temperature increases),
which are associated with greater reduction in sympa-
thetic tone and pain and possibly more powerful placebo
effects, may be more predictive of ketamine response, in

which placebo effects (since the unique psychomimetic
effects preclude effective blinding) and improved mood
play a prominent role [9, 10]. This could also explain
why obese patients responded better, with studies finding
little difference between obese and non-obese patients for
pain sensitivity, but higher affective pain scores in
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overweight individuals [32]. Although we failed to find a
difference in ketamine response stratified by depression
and other psychiatric co-morbidities, nearly all of these
patients had stable symptoms, and we did not actually
measure mood, anxiety or any other psychiatric illness.
Ketamine has been shown to provide pain relief in some
people for months [9], but studies have repeatedly failed
to demonstrate any benefit past 48 hours on quantitative
sensory testing (the sensory-discriminative component of
pain) [33, 34], leading some experts to postulate that any
long-term benefit derives from alleviation of anxiety and
depression [10]. In one randomized controlled trial, the
ability of ketamine to reduce the affective-motivational
component of pain was greater than for the sensory-
discriminative aspect [34]. There is growing evidence
supporting the use of stellate ganglion blocks to treat
posttraumatic stress disorder and other psychiatric condi-
tions and while the evidence is less robust for lumbar and
thoracic sympathetic blocks, small randomized studies
performed for postamputation pain and CRPS, respec-
tively, reported reductions in depression and anxiety [31,
35, 36]. The mechanism by which sympathetic blocks
may modulate the affective-motivational aspect of pain is
through the reduction of inflammatory cytokines and
reduced sympathetic outflow, which are elevated in both
CRPS and depression [1, 37-39].

Limitations

There are several limitations to this multi-center study.
Follow-up periods, including for temperature measure-
ments and immediate post-block pain relief (which were
used to identify SMP), were not standardized so that tem-
peratures recorded too early for levobupivacaine and
bupivacaine blocks may have underestimated tempera-
ture rise, and variations in post-procedure follow-up
could have led to variations in outcome data. Second,
there was variability in the volumes used for sympathetic
blocks; since we did not perform quantitative sensory
testing, some of the immediate post-block pain relief may
have resulted from spread to somatic nerves. Third, data
on psychiatric morbidity were categorical rather than
continuous, which would provide a more sensitive indi-
cator of the interaction between psychological factors
and pain relief after the interventions. We also did not
evaluate post-block or post-infusion psychiatric out-
comes, or a means to separate the effect of the interven-
tions on the sensory-discriminative vs the affective-
motivational components of pain [10]. Last, a substantial
proportion of our patients did not have immediate post-
block pain scores recorded (rather, they had coarse desig-
nations of SMP vs SIP). This lack of power likely contrib-
uted to the lack of a significant correlation between post-
block pain reduction and pain reduction after ketamine.

Implications for Clinical Practice and Conclusions
The increased response to ketamine in patients who expe-
rienced greater immediate and possibly sustained pain
relief after sympathetic blocks, and those who are obese,
may be particularly helpful in identifying candidates for
this therapy, which carries significant risks and often
comes at great out-of-pocket costs. In conjunction with
other variables, the strategic use of sympathetic blocks in
this population may be utilized as part of a personalized
medical approach to individualize care and improve out-
comes for more definitive therapies. Prospective studies
including more variables such as contemporaneous meas-
urements of depression and anxiety and measuring the
affective-motivational component of pain (e.g., unpleas-
antness) are needed to determine the precise mecha-
nism(s) for ketamine to exert longer-term analgesic
effects and the role for sympathetic blocks in identifying
appropriate candidates.

Supplementary Data

Supplementary data are available at Pain Medicine
online.

References

1. Bruehl S. Complex regional pain syndrome. BMJ 2015;351
:h2730.

2. Cohen SP, Vase L, Hooten WM. Chronic pain: An update on
burden, best practices, and new advances. Lancet 2021;397
(10289):2082-97.

3. Shim H, Rose J, Halle S, Shekane P. Complex regional pain syn-
drome: A narrative review for the practising clinician. Br J
Anaesth 2019;123(2):e424-e433.

4. Fitzcharles MA, Cohen SP, Clauw DJ, Littlejohn G, Usui C,
Hauser W. Nociplastic pain: Towards an understanding of prev-
alent pain conditions. Lancet 2021;397(10289):2098-110.

5. Samen-Akinsiku CDK, Sutton OM, Rice AE, et al. Correlation
between temperature rise after sympathetic block and pain relief
in patients with complex regional pain syndrome. Pain Med
2022;23(10):1679-89.

6. O’Connell NE, Wand BM, Gibson W, Carr DB, Birklein F,
Stanton TR. Local anaesthetic sympathetic blockade for com-
plex regional pain syndrome. Cochrane Database Syst Rev 2016;
7(7):CD004598.

7. Harden RN, Oaklander AL, Burton AW, et al.; Reflex
Sympathetic Dystrophy Syndrome Association. Complex
regional pain syndrome: Practical diagnostic and treatment
guidelines, 4th edition. Pain Med 2013;14(2):180-229.

8. Connolly SB, Prager JP, Harden RN. A systematic review of ket-
amine for complex regional pain syndrome. Pain Med 2015;16
(5):943-69.

9. Cohen SP, Bhatia A, Buvanendran A, et al. Consensus guidelines
on the use of intravenous ketamine infusions for chronic pain
from the American Society of Regional Anesthesia and Pain
Medicine, the American Academy of Pain Medicine, and the
American Society of Anesthesiologists. Reg Anesth Pain Med
2018;43(5):521-46.

10. Yang YM, Maher DP, Cohen SP. Emerging concepts on the use
of ketamine for chronic pain. Exp Rev Clin Pharmacol 2020;13
(2):135-46.

€202 UJBIN /Z U0 1sanb Aq 228.9/9/91E/€/+Z/910IMe/auIpawUIed/woo dno-olwapede//:sdny wolj papeojumoq


https://academic.oup.com/painmedicine/article-lookup/doi/10.1093/pm/pnac153#supplementary-data

324

Cohen et al.

11.

12.

13.

14

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Yoo Y, Lee CS, Kim ], Jo D, Moon JY. Botulinum toxin type A
for lumbar sympathetic ganglion block in complex regional pain
syndrome: A randomized trial. Anesthesiology 2022;136
(2):314-25.

Straube S, Derry S, Moore RA, Cole P. Cervico-thoracic or lum-
bar sympathectomy for neuropathic pain and complex regional
pain syndrome. Cochrane Database Syst Rev 2013;2013
:CD002918.

Hord ED, Cohen SP, Cosgrove GR, et al. The predictive value of
sympathetic block for the success of spinal cord stimulation.
Neurosurgery 2003;53(3):626-33.

. Cheng J, Salmasi V, You J, et al. Outcomes of sympathetic blocks

in the management of complex regional pain syndrome: A retro-
spective cohort study. Anesthesiology 2019;131(4):883-93.
Hartrick CT, Kovan JP, Naismith P. Outcome prediction follow-
ing sympathetic block for complex regional pain syndrome. Pain
Pract 2004;4(3):222-8.

Bean DJ, Johnson MH, Heiss-Dunlop W, Lee AC, Kydd RR. Do
psychological factors influence recovery from complex regional pain
syndrome type 1? A prospective study. Pain 2015;156(11):2310-8.
Burnham RS, McKinley RS, Vincent DD. Three types of skin-
surface thermometers: A comparison of reliability, validity, and
responsiveness. Am J Phys Med Rehabil 2006;85(7):553-8.

Park SY, Nahm FS, Kim YC, Lee SC, Sim SE, Lee SJ. The cut-off
rate of skin temperature change to confirm successful lumbar
sympathetic block. J Int Med Res 2010;38(1):266-75.

Dworkin RH, Turk DC, Wyrwich KW, et al. Interpreting the clini-
cal importance of treatment outcomes in chronic pain clinical tri-
als: IMMPACT recommendations. ] Pain 2008;9(2):105-21.
Pennybaker S, Roach BJ, Fryer SL, et al. Age affects temporal
response, but not durability, to serial ketamine infusions for
treatment refractory depression. Psychopharmacology (Berl)
2021;238(11):3229-37.

Nobrega R, Sheehy KA, Lippold C, Rice AL, Finkel JC, Quezado
ZMN. Patient characteristics affect the response to ketamine
and opioids during the treatment of vaso-occlusive episode-
related pain in sickle cell disease. Pediatr Res 2018;83
(2):445-54.

Rho RH, Brewer RP, Lamer TJ, Wilson PR. Complex regional
pain syndrome. Mayo Clin Proc 2002;77(2):174-80.

Cohen SP, Kapoor SG, Rathmell JP. Intravenous infusion tests
have limited utility for selecting long-term drug therapy in
patients with chronic pain: A systematic review. Anesthesiology
2009;111(2):416-31.

Davis KD, Treede RD, Raja SN, Meyer RA, Campbell JN.
Topical application of clonidine relieves hyperalgesia in patients
with sympathetically maintained pain. Pain 1991;47(3):309-17.
Dev S, Yoo Y, Lee H-J, Kim D-H, Kim Y-C, Moon JY. Does tem-
perature increase by sympathetic neurolysis improve pain in

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

complex regional pain syndrome? A retrospective cohort study.
World Neurosurg 2018;109:e783-91-e791.

Carroll 1, Clark JD, Mackey S. Sympathetic block with botuli-
num toxin to treat complex regional pain syndrome. Ann Neurol
2009;65(3):348=51.

Bernstein MH, Brown WA. The placebo effect in psychiatric
practice. Curr Psychiatr 2017;16(11):29-34.

Vase L, Wartolowska K. Pain, placebo, and test of treatment effi-
cacy: A narrative review. Br ] Anaesth 2019;123(2):e254-
62-€262.

Mbizvo GK, Nolan SJ, Nurmikko TJ, Goebel A. Placebo
responses in long-standing complex regional pain syndrome: A
systematic review and meta-analysis. ] Pain 2015;16(2):99-115.
Finan PH, Garland EL. The role of positive affect in pain and its
treatment. Clin J Pain 2015;31(2):177-87.

Li Y, Loshak H. Stellate Ganglion Block for the Treatment of
Post-Traumatic Stress Disorder, Depression, and Anxiety.
Ottawa, ON: Canadian Agency for Drugs and Technologies in
Health; 2021.

Hozumi ], Sumitani M, Matsubayashi Y, et al. Relationship
between neuropathic pain and obesity. Pain Res Manag 2016;
2016:2487924.

Kvarnstrom A, Karlsten R, Quiding H, Emanuelsson BM, Gordh
T. The effectiveness of intravenous ketamine and lidocaine on
peripheral neuropathic pain. Acta Anaesthesiol Scand 2003;47
(7):868-77.

Schwartzman RJ, Alexander GM, Grothusen JR, et al.
Outpatient intravenous ketamine for the treatment of complex
regional pain syndrome: A double-blind placebo controlled
study. Pain 2009;147(1-3):107-15.

McCormick ZL, Hendrix A, Dayanim D, Clay B, Kirsling A,
Harden N. Lumbar sympathetic plexus block as a treatment for
postamputation pain: Methodology for a randomized controlled
trial. Pain Med 2018;19(12):2496-503.

Rocha Rde O, Teixeira MJ, Yeng LT, et al. Thoracic sympathetic
block for the treatment of complex regional pain syndrome type
I: A double-blind randomized controlled study. Pain 2014;155
(11):2274-81.

Liu JJ, Wei YB, Strawbridge R, Bao Y, et al. Peripheral cytokine
levels and response to antidepressant treatment in depression: A
systematic review and meta-analysis. Mol Psychiatry 2020;25
(2):339-50.

Liu MH, Tian J, Su YP, Wang T, Xiang Q, Wen L. Cervical sym-
pathetic block regulates early systemic inflammatory response in
severe trauma patients. Med Sci Monit 2013;19:194-201.

Veith RC, Lewis N, Linares OA, Barnes RF, et al. Sympathetic
nervous system activity in major depression. Basal and
desipramine-induced alterations in plasma norepinephrine
kinetics. Arch Gen Psychiatry 1994;51(5):411-22.

€202 UJBIN /Z U0 1sanb Aq 228.9/9/91E/€/+Z/910IMe/auIpawUIed/woo dno-olwapede//:sdny wolj papeojumoq



