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NURSE ANESTHESIA – 101 lessons.  
CASE REPORT:          

Acute Local Anesthetic Tachyphylaxis 
 
(Case 2007) (written 2021-7-17)                                                                                                                  

…………………………………………………………………………………… 
INTRODUCTION 

When a local anesthetic drug is injected and the expected degree of loss of sensory and motor 
function nerve function does not appear there are a large number of possible explanations for the 
apparent phenomenon of a failed nerve block; 

1. The wrong drug, a non-local-anesthetic drug, could have been injected in error.  
• REMEDY = repeat the injection with the correct drug. 

2. The local anesthetic drug could have been technically incorrectly injected and the drug 
failed to soak onto the targeted nerve(s).  

• REMEDY = repeat the injection into the anatomically correct tissue position  
3. The local anesthetic might be a slow-acting type needing more time for the nerve block 

to develop. 
•  REMEDY = wait an additional period of 5 to 15 minutes for the nerve block to 

develop.     
4. The patient may be resistant to local anesthetics and they are manifesting one of the 

following phenomena. 
• TOLERANCE; This is a pharmacological concept when some partial local 

anesthetic effect manifests itself in a patient suggesting that either the drug was 
very dilute, or the patient is partially resistant to the drug. REMEDY = inject an 
additional dose of the drug in a higher concentration or a larger volume or both.  

• TACHYPHYLAXIS; This is resistance to a drug that develops very fast within only a 
few closely administered doses of the drug to the patient. REMEDY: None is 
clinically known.  

• RESISTANCE; This is a pharmacological concept for when a patient has no 
response at all to a drug, at their first exposure to the drug.  REMEDY: Try a 
different local anesthetic drug. 

When an event of failed nerve block is reported as a one-subject case report, and the 
observation is associated with some patient trait or event, it is not proof of causation at all, when 
standing as a single reported case. There are many such reports in the scientific literature of a patient 
failing to develop satisfactory nerve block after a supposed local anesthetic injection. It is near 
impossible to exclude all other possible explanations barring the one suspected of being the cause of 
failed nerve block. 

This case report is very unique in that the patient was a physician, and did his own nerve 
blocks. That gives rare insight into the performed procedures and their exact patient effects.   
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THE PATIENT 
 
The patient was a 56-year-old male of good health taking no 

medications, using no illicit drugs, was a lifetime never-smoker, was 
a minimal alcohol user, and he had no chronic diseases.  He had a 
small basal-cell skin carcinoma 2 cm above his right eyebrow 
slightly to lateral. It had been excised 2-weeks earlier for histology, 
and now needed wider excision for a guarantee of being cured. The 
surgeon was the head of a university surgery department. The 
patient was an anesthesia provider who worked with the surgeon. 
It was planned as an ambulatory awake local anesthetic procedure.   

The patient was clinically familiar with regional anesthesia 
techniques, including those of the head and neck region. He knew 
well of the supra-orbital nerve block, and was confident. A half-
hour before his surgical appointment time he performed the nerve 
block. With sterility, he palpated the Right supraorbital notch, while 
facing a mirror. He then inserted a 25G hypodermic needle into the 
skin immediately superior to the notch 
aiming slightly higher. The needle was 
advanced a few millimeters until it was 
subcutaneous, but not touching bone. A 
mild minimal paresthesia feeling was felt 
in his scalp within his hair zone. Although 
paresthesia was not being sought for, it 
was recognized as confirmatory that the 
needle tip was in contact with the nerve. 
He injected 3ml of 0.5% bupivacaine 
without additives.  

Thirty minutes later the surgeon 
was operating and made the first 4cm 
incision in excising the previous scar 
wider and deeper. Electrocautery was 
used for hemostasis. The procedure was 
completed within 20 minutes. The patient 
had a pain-free procedure. He did have 
very subtle feelings of tissue tugging and 
the cautery being used which were 
minimal. No systemic drugs, sedatives, or 
analgesics were administered.  

Eight hours after the surgery, the nerve block wore off and pain was felt. No oral or intravenous 
analgesic drugs had been used. The patient, an anesthesiologist, was at home and re-injected the 
nerve block using 3ml of bupivacaine 0.5%. The re-injected local anesthetic lasted for 7-hours, 
whereafter pain was felt again. A third nerve block was done using the same drug. That benefit lasted 
6-hours.  A series of three more 3ml 0.5% bupivacaine supraorbital nerve injections were made with 
analgesia lasting respectively 4-hours, 3-hours, and 2-hours in that order. That brought the patient to 

Image 2. The series of arrows point out the old healed scar from 
the patient’s Basal Cell Carcinoma re-excision. The photo was 
taken about 10-years after the surgery.  

Image 1. The arrow indicates where 
the Supraorbital nerve is injected 
for a nerve block, just above the 
Supra-orbital notch.  
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a Saturday evening. He then abandoned repeat nerve block injections and took a starter dose of 
acetaminophen and Ibuprofen. No more medications were used and the residual discomfort the next 
morning was chosen to be tolerated and left further untreated. The intervals between the first 
perception of pain being experienced and the repeat nerve block being injected were not noted at 
the time, but later recalled to be about a half to one hour.  

Patient consent was given for this case report. 
 
 

DISCUSSION 
 

This case is a very clear demonstration of local anesthetic (LA) drug tachyphylaxis. Tachyphylaxis 
of local anesthetics was first scientifically noted in 19381. Tachyphylaxis with local anesthetics was 
first investigated by Cohen in 1968 following his obstetric clinical observations suggesting 
tachyphylaxis to LA. Cohen then performed a sophisticated dog experiment assessing the effect of 
falling tissue pH at the intrathecal site of injection and whether it could be the cause of tachyphylaxis 
following repeat LA injections2.  Unfortunately, the study only created an unlikely, artificial, and 
unvalidated animal-based postulate, with no evidence to explains tachyphylaxis at peripheral nerve 
sites. Baker also tested the pH hypothesis that claimed progressive tissue acidosis caused local 
anesthetic tachyphylaxis3. The results showed that tachyphylaxis developed regardless of the local 
anesthetic solution pH.  

Bromage was the first to formally study humans, and characterize and affirm the existence of 
local anesthetic tachyphylaxis in 19694. He studied 140 patients prospectively who received 329 
injections using one of 3 different local anesthetics. He made a large number of significant 
observations: (1) tachyphylaxis occurred more in younger patients than aged patients, (2) on average 
each subsequent injection was up to 30% less effective than the preceding injection for both duration 
and axial epidural spread, (3)  premature injections augmented the nerve block, often to an 
unwanted degree, (4) delaying a top-up injection for more than 10 minutes after the first sign of the 
preceding injection having lost effect and pain being manifest generates tachyphylaxis, (5) delays of 
longer than 10 minutes and up to 60 minutes lead to an  increasing degree of tachyphylaxis, (6) 
tachyphylaxis is maximum and constant for delays exceeding 60 minutes, (7) for a given dose greater 
epidural segmental spread is achieved with increasing decades of age, (8) tachyphylaxis is a normal 
response, and not restricted to specific patients, (9) he referenced a study that stated tachyphylaxis if 
enough LA boluses are administered, the tachyphylaxis will evolve into  total local anesthesia 
resistance,  and (10) he referenced a study showing that after an epidural block’s effects are worn off 
if carbon dioxide enriched saline is injected sooner than 15 minutes from the start of pain, the nerve 
block can be restored by the saline.  

This phenomenon of tachyphylaxis was seen in the era when epidural blocks were sustained by 
intermittent injection. In the modern era when LA infusions became the norm for maintaining any 
nerve block, the phenomenon of local anesthetic tachyphylaxis became fully forgotten by 
anesthesiologists.  

Mogensen and Kehlet, in 1989, did a human tachyphylaxis study tracking the movement of 
epidural lidocaine using an isotope marker5. They too showed that tachyphylaxis is a fully normal 
phenomenon in all subjects studied, following intermittent local anesthetic injections. Their results 
strongly refuted the suggestion that increased elimination of local anesthetic from the site of 
injection mediates tachyphylaxis. In contrast to Bromage’s studies that used skin sensation testing, 
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the Mogensen study using isotope marked lidocaine produced no evidence that there was any 
altered distribution of epidural lidocaine with serial injections of lidocaine.    

Lipfert in 1989 studied rabbit peripheral nerves in vivo measuring local nerve segmental 
blockade via electrophysiological testing along the blocked segment6. He showed absolutely no signs 
of tachyphylaxis as assessed on local nerve function. This refutes any theory that tachyphylaxis is a 
consequence of any alteration on axonal conduction. The local anesthetic was effective at all times in 
direct proportion to the drug concentration bathing the nerve. This points then to the central nervous 
system localization of the mechanisms of local anesthetic tachyphylaxis.  

Sprung tested the effect of dopamine infusions as a way of enhancing blood lidocaine hepatic 
elimination to reduce systemic toxicity risks during lidocaine epidural infusions7. Surprisingly the 
prospective controlled trial showed that dopamine increased the need for extra lidocaine to sustain 
the epidurals’ full anesthesia effects. The infusion rates were increased and lidocaine boluses were 
injected. This leads to many possible explanations, one being that dopamine enhances local 
anesthetic drug tachyphylaxis, by an as yet unknown mechanism. Of note, there is in general no 
evidence suggesting sustained local anesthetic infusions cause tachyphylaxis, only intermitted local 
anesthetic injections can do that.  

Wang in rat experiments found a strong association between spinal Nitric Oxide effects and 
peripheral nerve tachyphylaxis to local anesthetic drugs8.  When Nitric oxide was inhibited at the 
spinal level peripheral nerve LA tachyphylaxis was inhibited, and when spinal Nitric Oxide levels were 
increased peripheral nerve LA tachyphylaxis was enhanced. This parallels Nitric oxide effects on 
general hyperalgesia too. This suggests local anesthetic tachyphylaxis is a form of hyperalgesia, and 
could thus share benefits of anti-hyperalgesia therapies, such as NMDA inhibition, or the use of 
Gabapentin.  

There is slight evidence of genetic factors potentially determining tolerance to a specific class of 
local anesthetic (LA) but not another. Trescot did a pilot study on 250 chronic pain patients who all 
had some suggestion of having LA tolerance in their medical history9. Their findings were that 10% of 
their pain clinic’s daily patients got no pain relief from therapeutic local anesthetic injections. They 
then tested 250 patients of the “no relief” group at a subsequent visit. The test was to inject a skin 
wheal of local anesthetic of three different local anesthetic drugs and do scratch tests at each site to 
assess if the skin wheal was anesthetic. Of that group 36 % had tolerance for lidocaine and 
bupivacaine, 17.8% had tolerance for mepivacaine and bupivacaine, 46.2% were tolerant to all three 
LA study drugs. No formal study has validated this observation to date. This study has not yet had any 
similar type of study validates its results, nor a follow up study by its authors.   

There are several failed spinal blocks for cesarean section case reports, all proposing LA 
resistance as the likeliest explanation for the failure. Kavlock presented a plausible case, if all stated 
facts are true, in a patient with vague lumbar-sacral plexopathy, but failed to follow up in the patient 
to verify formally LA tolerance10.   Bevacqua described very convincingly a single patient who twice 
had a failed spinal block with heavy lidocaine, but had successful rescue spinal blocks using 
bupivacaine, and had never had a failed dental block (drugs not described)11. Bevacqua was unable to 
propose an explanation, but referenced 5 other published case reports also experiencing similar 
inexplicable spinal block failures. The only common factor was the use of hyperbaric lidocaine.  
Bevacqua then proposed a concept of “relative local anesthetic resistance”.  That is not credible at all 
and has never been observed outside of intrathecal anesthesia using hyperbaric lidocaine. Those 
failed spinal blocks must have been due to small technical differences unique to the involved 
practitioners and not unique patient physiology. Spinal anesthesia is very sensitive to seemingly trivial 
technique factors, more so than any other nerve block.  
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Similar single case reports also exist for suspected local anesthetic resistance being observed 

with peripheral nerve blocks. Kim described a patient who had ultrasound-guided, nerve stimulator 
guided four peripheral nerve blocks, with two repeated, and all failed completely, except for the 
repeated blocks which had a partial reduction in sensitivity to temperature testing only12. The 
unusual additional feature of the patient was that they suffered from genetic muscle dystrophy, and 
Kim proposed that is a possible etiological factor. Schutte described a patient, with a history of failed 
dental anesthetic injections and one failed epidural block, who had a continuous spinal anesthetic 
that needed 56mg of bupivacaine over a 4-hour obstetric surgery, with a large amount of sedative, 
opiates, and ketamine to avoid general anesthesia13. No technical reason could be identified to 
explain this unusual failing nerve block. The patient factors of note were her Crohn’s disease and pre-
pregnancy treatment with ustekinumab and monoclonal antibody. The author labeled the regional 
anesthesia problem as resistant to local anesthetics. Wlock also reported a seeming resistance to 
local anesthesia with continuous spinal block for cesarean section in a lady with Ehlers-Danlos 
syndrome and a prior experience of seeming local anesthesia resistance14. Sleiwah reported a person 
who needed general anesthesia to excise a subcutaneous lipoma after receiving large volumes of 1% 
lidocaine and 0.5% bupivacaine which failed to provide any anesthesia15.  

Lee did a profound rat study that verified the phenomenon of local anesthetic tachyphylaxis of 
multiple local anesthetic (LA) drugs, defined part of its mechanism, and proposed a credible practical 
therapy to prevent it16. Key observations were: 

• In the absence of pain or laboratory-induced thermal hyperalgesia, no LA 
tachyphylaxis occurs in the rats.  

• If the injection interval after resolution of nerve block and the following block is too 
short, specifically under 10 minutes, no tachyphylaxis develops. That suggests that 
constant infusions should not have any problem with LA tachyphylaxis.  

• The duration of local anesthetic tachyphylaxis is short and nerve responses to LA are 
normalized after one night of omission of LA injections in rats, and presumably in 
humans too.   

• The use of an NMDA antagonist totally prevented the development of LA 
tachyphylaxis.   

Wilder working in the same laboratory as Lee extended the rat research and showed that 
Nitric Oxide (NO) formation when inhibited within the body could fully inhibit the development of LA 
tachyphylaxis17.  Bradykinin which activates C-fibers also causes NO generation. NMDA receptor 
activation also mediates NO release which mediates NMDA-induced hypersensitivity and 
hyperalgesia. The fact that LA tachyphylaxis affects both sensory and motor nerve functioning 
strongly identifies the central spinal cord as the sight at which hyperalgesia is mediated as well as LA 
tachyphylaxis. Of note, Bromage in humans also observed that LA tachyphylaxis only occurred in 
humans who experienced pain between successive nerve blocks18. Wang also studied rats for LA 
tachyphylaxis and Nitric Oxide effects (NO) effects thereupon19. He affirmed that LA tachyphylaxis, 
similar to hyperalgesia, also shares a spinal site of action and not a site at the point of injection on a 
peripheral nerve, and also that NO release plays a central role in the processes of hyperalgesia and LA 
tachyphylaxis.  In a later study, Wang showed that for a peripheral nerve to manifest LA tachyphylaxis 
as assessed by electrophysiological testing along the length of the peripheral nerve, continuity with 
the spinal cord, of the nerve, was an absolute requirement20. This was true for all axon types. If the 
nerve was severed close to the spinal cord column, the peripheral nerve using electrophysiological 
measurements of compound electrical potentials each repeat injection of the nerve, produced an 
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identical duration of nerve block. That is, a disconnected nerve manifested no evidence of 
tachyphylaxis, whilst intact (non-severed) nerves demonstrated tachyphylaxis. 

Sprung studied humans receiving lidocaine epidurals for long-duration surgery and the effects 
of dopamine infusions upon the lidocaine effects21. The epidurals were maintained by infusions and 
small bolus injections as needed. The study group who received a dopamine infusion needed 29% 
more lidocaine for the surgery, compared to the control group without dopamine. Blood levels of 
lignocaine were equal in each group. It is believed that dopamine enhanced liver blood flow thus 
raising hepatic elimination of lidocaine offsetting the extra lidocaine that was needed, thus resulting 
in equal lidocaine blood levels between the two groups being studied. It is also possible the dopamine 
infusion also caused lidocaine tachyphylaxis, but the mechanism is unknown, nor is that effect 
validated yet in other studies.  

Opioid addiction and abuse shorten the duration of local anesthetic effects observed in 
humans with spinal blocks, but the mechanism of this LA tolerance remains undefined22.  Liu studied 
this in rats using their sciatic nerves23. One acute dose of morphine had no discernable effect on 
lidocaine potency, whilst seven daily morphine injections reduced the lidocaine potency three times. 
The magnitude of the loss of LA potency was dependent also on both morphine dose and the number 
of injections. They then used opiate antagonists and determined that these morphine effects on local 
anesthetic effects were based upon morphine effects on the central nervous system and not on any 
peripheral nervous system effects. Lastly, the local anesthetic effect lasted up to 35 days beyond the 
last opiate dose, that being the termination of the study. It is unknown how long normalization took if 
it ever occurred.  The accompanying editorial was incredulous, perhaps disbelieving, and had no 
explanation24. This author believes the Liu study. There are low quality reports of heroin addicts 
being local anesthetic tolerant. 25 

Scorpion envenomation has been associated with severe or total local anesthetic tolerance, 
even years after the scorpion sting occurred26, 27,  Unfortunately, most are isolated single case reports 
exist, which does not confirm a scorpion sting being the cause of the observed nerve block failure. 
Only an association is identified, which could be meaningless or meaningful. Panditrao however, 
working in a world area with a high incidence of scorpion stings, did a 70-case prospective controlled 
study of scorpion bite-induced local anesthetic tolerance28. Comparing patients with known prior 
scorpion stings to patients who had never been stung, he showed several things; (1) a history of prior 
scorpion bites correlated strongly with evidence of clinically relevant local anesthetic tolerance, (2) 
the severity of local anesthetic tolerance was worst in individuals with most scorpion bites and most 
recent scorpion bites, (3) the control group of 35 patients with no history of scorpion bites had 
perfect nerve blocks. Panditrao’s scorpion bite group took 41% longer to achieve sensory spinal block 
and 61% longer to achieve motor block following spinal blocks using 35mg bupivacaine, than the 
control group.  Panditrao very credibly hypothesized that the scorpion toxins stimulated the 
formation of antibodies that interfered with amide local anesthetic drugs access to nerve sodium 
channels. This area needs much more studying.  

Genetic factors must be considered for rare medical phenomena. Clendenen identified one 
patient who had a strong history of complete resistance to local anesthetic drugs29. Two other close 
family members also reported resistance to local anesthetics. The patient and her family were 
subjected to very complex and comprehensive laboratory testing. It was determined that one sodium 
channel type, Nv1.5, which is one that local anesthetics act upon, was present in a variant form within 
this family being studied. That variant had a general population incidence of 0.5% and had an 
association with the long-QT syndrome. That sodium channel variant is found in cardiac myocytes and 
peripheral nerves. The responsible gene was SCN5A and had an A572D mutation. Clendenen’s study 
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did not however prove the genetic mutation was the cause of LA resistance, but he postulated it 
could be depending on further validating research.  

Chio attributed local anesthetic tachyphylaxis to changes in drug pharmacokinetics (how the 
body handles the drug) in his rat experiments30. Chio measured the lidocaine content in the sciatic 
nerve at a set period after injections, and into the skin at a set period after infiltration blocks using 
lidocaine. He observed that as the duration of nerve block diminished with each sequential nerve 
injection so did the amount of lidocaine in the nerve at the same time after nerve injection. An 
identical phenomenon was seen with cutaneous infiltration blocks. Tachyphylaxis was observed in 
every study subject, with both sciatic nerve and cutaneous injections, and was profound with the 
remaining lidocaine when measured after the 3rd injection being as much as 70% of that as measured 
after the first injection. There was also suggestive evidence that the nerve blocks deteriorated serially 
due to tachyphylaxis very much earlier than the disappearance of the lidocaine molecule occurred. 
Therefore, the disappearance of lidocaine from the sciatic nerve or the skin is not the primary event 
causing tachyphylaxis.     

 
 

CONCLUSION 
 
When a local anesthetic injection fails to produce an expected anesthetic or analgesic result 

the general commonest causes are drug errors and technical errors. Much less common are the 
phenomena of poor clinical response to local anesthetic drugs. There are overlapping concepts that 
are unique entities, needing good definitions: 

• TOLERANCE of local anesthetic drugs. This is still poorly researched clinical event where a 
LA drug upon first correct injection only works partially. It is uncommon and there are 
multiple theoretical etiological possibilities. Additional low detail case reports are of little 
value. An individual suspected of having tolerance to local anesthetic drugs needs a 
thorough investigation in best scientific academic hands to VERIFY they are truly tolerant. 
After verification they need family interviews and genetic examination to initiate further 
studies as needed.  

• RESISTANCE to local anesthetic drugs. This is a very rare event. This is a pharmacological 
concept where a patient has no response at all to the first injection of a local anesthetic 
drug.  Additional low-detail case reports are of little value. An individual suspected of 
having true and total resistance to local anesthetic drugs needs a thorough investigation 
in best scientific academic hands to VERIFY they are truly tolerant. After verification they 
need family interviews and genetic examination to initiate studies as needed. Scorpion 
envenomated patients who demonstrate resistance to local anesthetic drugs form a 
highly valuable scientific opportunity to research the precise mechanisms or receptor 
sites involved explaining how this real entity occurs. The outcome could hopefully be a 
dramatic new class of effective analgesics.   

• TACHYPHYLAXIS to local anesthetic drugs. It seems all patients can develop local 
anesthetic tachyphylaxis in the right clinical circumstances. This also represents an area 
for extensive research to elucidate the pathophysiology of how this occurs. The outcome 
could be discovery of a new class of analgesic drugs.   
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HOW TO MANAGE LOCAL ANESTHETIC TACHYPHYLAXIS. 

• PREVENTION: Have an analgesia plan that is comprehensive, multimodal, and 
most importantly minimally dependent on repeat injections.  

o Limit planned repeat injections to one time.  
o Inject the repeat local anesthetic, if feasible, before pain is felt, for 

example, inject the repeat nerve block once early touch sensation is 
returning and motor function is well recovered, but no pain is yet 
experienced by the patient.  Any duration of new pain exceeding 10 
minutes will initiate tachyphylaxis reducing the duration of benefit by 30% 
compared to the duration of the first injection.  

o Use a constant infusion of local anesthetic, as the best option to prevent 
tachyphylaxis.  

o Gabapentin has a theoretical modest ability to minimize tachyphylaxis but 
is unstudied to very this.  

o Ketamine 50mg IV (small dose) for average adult injected during surgery 
while the patient is under general anesthesia or sedation with regional 
anesthesia. Always administer a small dose of midazolam, like 1mg, if the 
patient is fully awake during the surgery. Never administer a bolus dose of 
ketamine alone to a fully awake patient, for the risk of having a very 
disturbing hallucinatory experience.   

• TREAT ESTABLISHED LOCAL ANESTHETIC TACHYPHYLAXIS: 
o Rescue the pain with a comprehensive multimodal combination of 

analgesics, minimizing amounts of opiates used.  
o Ketamine in a small dose is suspected to be highly efficacious. 

 It will have an acute analgesia benefit of 10 to 20 minutes. 
 It will have an anti-hyperalgesia effect lasting up to 30 hours. 
 It will, as did animal research NMDA receptor blockers, fully prevent 

local anesthetic tachyphylaxis, and highly potentially reverse it.     
 This author would administer 50mg ketamine with 1mg midazolam IV 

once for an average uncomplicated adult with the patient needing 30 
minutes continuous nursing observation only, with an oximeter.   

 
SPECIAL NOTE: This is a poorly researched area of medicine and much validation and scientific 

exploration is needed. It is hoped much more scientific research will done concerning local anesthetic 
tachyphylaxis, and scorpion induced local anesthetic resistance.  
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