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IV KetamIne-Induced SKIn 
temperature changeS In a patIent 
wIth unIlateral complex regIonal 
paIn Syndrome (crpS) type II

Background:   Ketamine is increasingly being utilized off-label for numerous difficult-to-treat conditions when conservative 
treatment options fail to provide an adequate clinical response. One such condition is complex regional 
pain syndrome (CRPS). CRPS is characterized by pain, inflammation, vascular abnormalities, and functional 
decline. While ketamine has been used successfully to treat the disease, its mechanism of action remains 
hotly debated and not well-understood. 

Case Report:   Here, we describe a clinical case of CRPS in a female patient who was refractory to conventional treatment 
options. Skin temperatures were measured in the affected and unaffected limb before, during, and after 
intravenous infusion with ketamine. We report that skin temperature increased in the CRPS-affected limb 
despite the known sympathomimetic effects of ketamine expected to produce vasoconstriction. 

Conclusion:   The novel findings presented herein are intended to spur formal well-controlled and powered clinical stud-
ies, which may better elucidate the vascular effects of ketamine in this underserved patient population.
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marked changes in tissue blood flow and skin surface 
temperature, edema, sweating, movement disorders, 
and trophic changes of the skin (4). There is evidence 
that CRPS results from injury to the Aδ- and C- fibers in 
the peripheral tissues (5). However, the pathophysiology 
of CRPS appears to be more complex than peripheral 
nerve damage alone. 

Centralization of pain is a theory that repetitive 
peripheral stimulation causes changes in the central 
nervous system that, in turn, lead to heightened excit-
ability to noxious stimuli and/or generate the perception 
of pain in the absence of peripheral input (6). Centraliza-

BACKGROUND

Complex regional pain syndrome (CRPS) is a disease 
state that causes significant pain and limits function of 
the involved body limb or region. CRPS is commonly 
attributed to soft tissue damage, bone fractures, or 
surgery that result in nerve damage (1). However, some 
cases are not attributed to an identifiable etiology (2). 
There are 2 types of CRPS: type I occurs with no identifi-
able cause and type II arises after an injury or trauma to 
a peripheral nerve (3). The mechanism by which CRPS 
develops remains unclear but the main characteristics of 
the disease are continuous pain, sensory disturbances, 
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tion of pain is often used to describe the spread of pain 
symptoms in patients with CRPS. Many patients with 
CRPS experience a spread of pain away from the locus 
of injury or initial site of symptoms to involve more re-
gions of the body, sometimes even on the contralateral 
side. This unusual spread of symptoms suggests central 
nervous system (CNS) involvement in CRPS. 

There is a growing body of evidence that implicates 
vascular abnormalities in CRPS. In the acute phase, the 
affected limb has been reported to be warmer than the 
contralateral limb due to cutaneous vasodilation, and 
a functional inhibition of sympathetic vasoconstrictor 
activity has been demonstrated (7). This is thought to 
be caused by an exaggerated inflammatory response, 
which increases proinflammatory cytokines, leading to 
vasodilation and an increase in skin temperature (8). 
After this acute phase, a large number of patients have 
shown a permanent decrease in blood flow and skin 
temperature, regarded as the chronic “cold” phase; the 
CRPS-affected limb is cyanosed and clammy as a result 
of vasoconstriction and sweating, which suggests that 
excessive sympathetic nervous system outflow is a driv-
ing factor in the progression of CRPS and subsequent 
pain (8). This line of thought has led many clinicians 
to use sympathetic blocks for treating late-stage CRPS, 
which have proven successful in some patients (9).

Ketamine is a long-known N-methyl-D-aspartate 
(NMDA) receptor antagonist that is conventionally used 
as an anesthetic agent. More recently, it has been used 
off-label for a broad spectrum of indications across 
critical care, emergency medicine, pain medicine, and 
psychiatry. This explosion in off-label use is the result 
of significant unmet needs for pharmacotherapeutic 
options in a myriad of difficult-to-treat indications 
such as neuropathic pain, treatment-resistant depres-
sion, and suicidality to name a few. There is significant 
evidence supporting the use of ketamine for treating 
CRPS, including a double-blind placebo-controlled study 
which found that outpatient intravenous ketamine 
significantly reduced pain parameters in patients with 
the disease (10).  

Unlike other general anesthetics, ketamine stimu-
lates the cardiovascular system, increasing cardiac 
output, pulse rate, and arterial and central venous 
blood pressures (11). These effects have caused many 
to regard it as a sympathomimetic agent that produces 
vasoconstriction. The effects of ketamine anesthesia on 
cardiovascular parameters and catecholamine plasma 
concentrations were studied in 12 patients with nor-
mal cardiovascular function (12). These investigators 

reported statistically significant rises in heart rate and 
blood pressure that coincided with rises in plasma 
adrenaline and noradrenaline concentrations, further 
supporting the characterization of ketamine as a 
sympathomimetic agent. In another study, Han et al 
(13) showed that ketamine inhibits the Ca2+-activated 
K+ (KCa) channel activity in rabbit cerebral arterial 
smooth muscle cells causing vasoconstriction. Moreover, 
ketamine racemate was shown to inhibit levcromakalim-
induced vasorelaxation in excised rat aorta tissue in a 
concentration-dependent manner (14). However, other 
in vitro studies using rat and rabbit-derived tissues sug-
gest that ketamine produces vasodilation under the 
conditions tested (15,16).  Therefore, the direct vascular 
effects of ketamine remain debatable.  

In the context of the chronic “cold” phase of CRPS that 
is thought to result from excessive sympathetic nervous 
system outflow (8), increasing sympathetic tone with 
ketamine could be counterproductive despite our clini-
cal experience using ketamine in patients with chronic 
CRPS and the abundance of clinical data showing that 
ketamine reduces pain levels in patients with chronic 
CRPS (10,17,18). In the case report described herein, 
we describe the skin temperature changes of a patient 
with chronic CRPS, type II of the left lower leg and foot 
who underwent intravenous ketamine infusion therapy.  

CASE REPORT

A 16-year-old female patient with chronic CRPS, 
type II presented to the Florida Spine Institute (Clear-
water, FL) for treatment with intravenous ketamine. 
This patient had a long history of CRPS related to an 
ankle injury while playing basketball approximately 
5 years ago. Within a month of her injury, her pain 
escalated to the point where she could no longer 
walk without assistance from crutches or by using 
a wheelchair. She was previously diagnosed with 
CRPS and failed multiple conventional treatment 
modalities at Boston Children’s Hospital. The CRPS 
affected her left lower leg and foot. She was then 
transferred to a different clinic and presented with 
the option of intravenous ketamine for treating her 
CRPS. She responded well to ketamine and her pain 
levels had been adequately managed with periodic 
intravenous ketamine infusions. The patient reported 
that her pain relief typically lasted for more than 2 
months following treatment with ketamine. When 
her pain returned, maintenance infusions provided 
significant relief and allowed her to continue with 
daily activities.  
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A signed consent form was obtained from the pa-
tient’s parent. Upon arrival at our clinic, the patient 
was using a wheelchair due to CRPS-related pain in her 
left lower leg and foot. She also reported that she was 
experiencing numbness, tingling, and cold sensations 
in her affected foot. Prior to starting the ketamine 
infusion, the patient removed her shoes and socks and 
acclimated to room temperature (controlled at 75°F 
throughout the infusion). A FLIR C2 (Lepton 1101 9Hz) 
(FLIR Systems, Inc., Wilsonville, OR) thermal imaging 
camera was then used to measure the skin temperature 
of her left (affected) and right (unaffected) feet prior 
to starting the infusion. This thermal imaging system 
claims an accuracy of ± 2% and an operating tempera-
ture range of 14°F to 122°F in the product manual. The 
patient was infused for 4 hours with one mg/kg/h of 
ketamine. In the middle of the infusion session (t = 2 h), 
her skin temperatures were measured again. Following 
the infusion (t = 4.5 h), the skin temperatures of her left 
and right feet were measured using the thermal imaging 
camera a final time.  

The thermal images are shown in Fig. 1. Minimum, 
maximum, and mean temperatures were calculated 
using FLIR Tools Version 5.13.18031.2002 (FLIR Systems, 

Inc., Wilsonville, OR) and are shown in Table 1. For the 
patient’s left (affected) foot, the mean temperatures 
pre-, mid-, and postinfusion were 81.4°F, 83.8°F, and 
97.3°F, respectively. In her right (unaffected) foot, the 
mean temperatures pre-, mid-, and post infusion were 
82.8°F, 80.6°F, and 91.2°F, respectively.  

The patient returned to the clinic for 3 consecutive 
days for the same infusion treatment. Thermal images 
were not taken on these subsequent days. Following her 
final infusion, the patient reported that her pain levels 
were dramatically lower and that the cold sensation 
that she had in her left foot had decreased. 

DISCUSSION 

In this case report, we described the skin temperature 
changes in a patient with CRPS before, during, and after 
a ketamine infusion for the first time. Given the known 
sympathomimetic effects of ketamine, one might expect 
that the skin temperature would drop during the infu-
sion due to vasoconstriction. In this patient, the skin 
temperature of the right foot (unaffected) did exhibit a 
minimal drop during the infusion by 2.2°F. Interestingly, 
the left foot (affected) increased in temperature during 
the infusion by 2.4°F. This difference was small, but it is 

 

Fig. 1. Thermal images of the CRPS-affected and unaffected foot before, during, and after intravenous infusion with 
ketamine for 4 hours. The images taken during and post infusion occurred at approximately 2 and 4.5 hours, respec-
tively, from the start of the infusion.
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possible that ketamine may interact differently in CRPS-
affected limbs compared to normal limbs.  

Our working hypothesis is that the sympathomimetic 
effects of ketamine in the CRPS-affected foot were 
countered by other effects, which resulted in the skin 
temperature increase observed in the affected foot. 
While ketamine is most known as a potent NMDA recep-
tor antagonist, there are numerous other effects that are 
known. Clinical data have demonstrated that ketamine 
reduces IL-6 and TNFα in patients undergoing elective 
abdominal surgery compared to placebo controls (19). 
These immunomodulatory effects could be a down-
stream consequence of NMDA-inhibition, but other 
preclinical data suggests the potential involvement of 
Toll-like receptor 4 in the anti-inflammatory actions of 
ketamine (20). A postmortem histopathological study 
of a patient with chronic CRPS demonstrated increased 
glial activation and neuronal loss in the posterior horn 
of the spinal cord compared to control individuals (21).  
A separate study showed that ketamine inhibited hyper-
activation of cultured microglia through the blockade 
of large conductance Ca2+- and voltage-activated K+ 
(BK) channels (22). Since CRPS is characterized by inflam-
mation, these anti-inflammatory activities of ketamine 
are expected to be beneficial and may be involved in 
the temperature changes that are described in this case 
report.  

In this patient, there was very little difference in 
the preinfusion skin temperature of the affected and 
unaffected foot (81.4°F and 82.8°F, respectively). This is 

in agreement with previous data from Baron et al (23), 
which showed that skin temperatures of affected and 
unaffected regions in 6 patients with late-stage CRPS 
were not different following acclimatization in a warm 
environment (similar to our test conditions in Florida). 
The total change in skin temperature from baseline 
(postinfusion minus preinfusion) for the affected and 
unaffected foot were 15.9°F and 8.4°F, respectively. This 
suggests that ketamine may produce an unexpected 
and exaggerated vasodilatory response in CRPS-affected 
limbs. However, this assumes that the skin temperature 
increases observed in the affected limb were due to 
vasodilation, as this was not directly measured in this 
patient.

Although the data presented in this case report are 
interesting, more thorough research under better-
controlled conditions should be conducted to properly 
validate these findings. This case report has a number 
of limitations that should be considered when inter-
preting the data. First, this was an observational case 
study including only a single patient. The patient also 
changed position during the infusion (Fig. 1). However, 
a previous study that measured foot temperatures in 
39 healthy adults showed that foot temperatures were 
not correlated with foot activity (24), so this is unlikely 
to have any impact on the data presented in this case 
report. Still, these limitations should be considered to 
avoid overinterpretation of the data presented. This case 
report is intended to advise potential future studies into 
the vascular effects of ketamine in patients with CRPS.  

Table 1. Minimum, maximum, and mean temperatures pre-, mid-, and postinfusion of each foot. 

Preinfusion During Infusion (T = 2 h) Post Infusion (T = 4.5 h)

Left Foot (affected)
Max Temp (F) 82.6 84.1 93.0
Min Temp (F) 77.9 82.9 90.7
Mean Temp (F) 81.4 83.8 97.3

Right Foot 
(unaffected)

Max Temp (F) 84.0 81.0 92.2
Min Temp (F) 80.4 79.6 87.5
Mean Temp (F) 82.8 80.6 91.2
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