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InTRODUCTIOn

Spinal block is a common anaesthetic technique 
implemented in a wide variety of surgical procedures.[1] 
Nevertheless, failure of spinal block may occur even in 
expert hands.[2,3] Causes of failure of spinal block may 
be technical difficulty, poor positioning of patient, 
incorrect needle insertion, abnormalities of spine 
(kyphosis, scoliosis, ligament calcification, disc‑fusion), 
obesity, pseudo successful lumbar puncture, solution 
injection errors, wrong dose selection misplaced 
injection, inadequate intra‑thecal spread, ineffective 
drug action, chemical incompatibility caused by 
adjuvant and local anaesthetic ‘resistance’.[4]

The resistance to local anaesthetic injected in 
the Subarachnoid space is difficult to diagnose.
[5] Considering the mechanism of action of local 
anaesthetics via the sodium channels, possible 
mutations of this channel may alter the response to 
local anaesthetics.[6] Inadequacy or failure of effect of 
local anaesthetics like 0.5% bupivacaine administered 
by neuraxial routes in patients with a history of single 
or multiple scorpion bites has recently been reported.[7]

The aim of the present study was to compare the 
efficacy of spinal block produced by bupivacaine in 
patients with a history of one or more scorpion bites 
and in patients with no such history.
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ABSTRACT

Background: During the routine practice in the institution, it was observed that there were 
persistent incidents of inadequate/failed spinal anaesthesia in patients with a history of single or 
multiple scorpion bite/s. To test any possible correlation between scorpion bite and the altered 
response to spinal anaesthesia, a case control study was conducted involving patients with a history 
of scorpion bite/s and without such a history. Methods: Randomly selected 70 (n=70) patients of 
either sex and age range of 18‑80 years, were divided into two equal groups, giving past history 
of one or multiple scorpion bites and giving no such a history. The anaesthetic management was 
identical inclusive of subarachnoid block with 3.5 ml. 0.5% bupivacaine heavy. The onsets of 
sensory, motor and peaks of sensory and motor blocks were observed with the pin‑prick method 
and Bromage scale. After waiting for 20 min, if the block was inadequate, then balanced general 
anaesthesia was administered. The analysis of the data and application of various statistical tests 
was carried out using Chi‑square test, percentages, independent sample t-test and paired t-test. 
Results: Demographically both groups were comparable. In scorpion bite group, the time of 
onsets of both sensory and motor blocks and time for the peak of sensory and motor blocks were 
significantly prolonged, 4 patients had failed/inadequate sensory block and 5 patients had failed/
inadequate motor block while all the patients in non‑bite group had adequate intra‑operative block. 
Conclusion: We conclude that there appears to be a direct correlation between the histories of 
old, single or multiple scorpion bites and development of resistance to effect of local anaesthetics 
administered intra‑thecally.
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METHODS

After excluding the ethical aspects, 70 patients (n=70)  
of either sex, in  the age range of 18 and 80 years and 
American Society of Anesthesiologists (ASA) physical 
status I to III were included in the study. All were 
registered and admitted patients for planned surgery 
under proposed spinal anaesthesia. Informed and 
written consent was obtained for the surgery and 
anaesthesia and for inclusion in the study.

The study period was between January 2012 and June 
2012. Patients with of one or more scorpion bites 
undergoing spinal anaesthesia comprised the case 
group (Group S). These patients were compared to an 
equal number of controls; that is patients undergoing 
surgery under spinal anaesthesia but with no history 
of scorpion bite (Group C). The details of the scorpion 
bite(s) was noted in Group S.

All patients were pre‑operatively assessed and were 
scheduled to undergo various types of elective surgeries 
under spinal anaesthesia (hernioplasty, hysterectomy, 
hydrocoele repair, Freyer’s prostatectomy, Proximal 
Femoral nailing, tibia‑fibula nailing etc.). In the 
operating room, A 20 Gz. Intravenous cannula was 
inserted in a peripheral vein and an infusion of 
Lactated Ringer was started. The standard monitoring 
(Electrocardiography, heart rate, non‑invasive blood 
pressure and pulse oximeter) was implemented.

Spinal needle (27 gauze Quincke) was placed with the 
patient in the sitting position in the L3‑L4 or L4‑L5 
intervertebral space and 3.5 ml (17.5 mg) of 0.5% 
bupivacaine heavy was injected over 10‑15 s and 
barbotage was not carried out. The anaesthesiologist’s 
experience varied between 6 months to 20 years 
Subsequently patients were placed in the supine 
position and the following parameters were recorded: 
T0‑time of the spinal injection, T1‑onset of the sensory 
block, T2‑onset of motor block, T3‑peak of sensory 
block and T4‑peak of motor block.

To assess sensory block, pinprick was applied to all 
patients with a blunted 24 g hypodermic needle and 
the onset of sensory block was defined as the time 
when the patient could not feel the pain. Motor 
block was assessed with the Bromage scale (Grade 3: 
Complete block, unable to move feet or knees, 
Grade 2: Almost complete, able to move feet only 
or plantar flexion of the big toe, Grade 1 partial, just 
able to flex/move knees, Grade 0: None, full flexion 

of knees, feet, and hip). The onset of motor block was 
considered as the time when patient could not flex 
the hip. The time of peak sensory and peak motor 
levels were considered when the maximum/upper 
most level of the block was achieved and there was 
no further progression of either the sensory or motor 
blockade, above that level.

The Anaesthesiologist who assessed the sensory and 
motor spinal blocks for all patients was blinded to the 
group of the patient. The assessment was performed as 
per established checklists.[8] The block was considered 
to be adequate when level of sensory/motor block of 
up to T6‑T8 was achieved. If after a 20 min period 
the block was not adequate, general anaesthesia 
was administered. At the end of surgery, all patients 
were transferred to surgical Intensive Care Unit for 
post‑operative monitoring during the first 24 h.

Statistical Analysis of the data and application of 
various statistical tests were carried out with the 
help of Statistical Package for Social Services (SPSS 
version 18). Data were compiled, analysed and 
presented as frequency, proportions, mean, standard 
deviation, the significance tests, Chi‑square test, 
percentages, independent sample t‑test and paired 
t‑test. A P<0.05 was considered as statistically 
significant. Continuous covariates (age) were compared 
using the independent sample t‑test, with the P being 
reported at the 95% confidence interval. Categorical 
covariates (sex, ASA grade) were explained using the 
Chi‑square test as comparisons amongst the 2 groups. 
Covariates (number of bites) were explained using the 
frequency and percentage. The results were expressed 
as Mean ± SD and P.

RESULTS

Seventy patients of both the sexes, aged between 
18 years and 80 years were included in the study. 
The experience of Anaesthesiologists administering 
spinal anaesthesia was comparable between the 
two groups (Group S: 144 months (240‑6 months), 
Group C: 132 months (240‑6 months)‑values in 
median, maximum, and minimum).

The groups did not differ in age, age group, and 
gender or ASA physical status as shown in Table 1. 
The frequency and the percentage of patients with 
scorpion bites 1, 2, 3 or 4 are shown in Table 2. About 
65.7% of the cases had single scorpion bite.
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block and in two patients both modalities of spinal 
block failed. All these patients received general 
anaesthesia.

The time of onset of sensory and motor blocks and 
time to achieve peak sensory and motor block and the 
relation to scorpion bites are shown in Table 4.

DISCUSSIOn

The study shows that in patients with history 
of previous scorpion bites, spinal anaesthesia is 
associated with an inadequate or failed block. In all 
such patients, spinal anaesthesia administration with 
bupivacaine was associated with delay in onset and 
the peak effect of both sensory and motor blockade 
as compared to the control group of patients with no 
history of scorpion bite. It was also noted that multiple 
and most recent scorpion bites (those less than 
8 months in the past) were associated with complete 
failure of the spinal block and necessitated conversion 
to general anaesthesia. Patients with scorpion bites 
older than a year showed delayed onset and delayed 
peak of the sensory block or the motor block or both. 
On the contrary patients with no scorpion bite history 
exhibited an adequate spinal block.

An extensive literature search revealed isolated case 
reports of local anaesthetic resistance.[6,9] Patients 
with Ehlers Danlos Syndrome, Type III (EDS III), now 
known as EDS hypermobility type and considered 
to be identical to Joint Hypermobility Syndrome, 
are reported to be resistant to the effect of local 
anaesthetics.[10]

Table 1: Characteristics of patients in the two groups
Parameters Group S 

N (%)
Group C 

N (%)
Total P value

Age in years 
(range)

Less than 
24 years

1 (2.9) 3 (8.6) 4 (5.7)

25‑34 years 3 (8.6) 3 (8.6) 14 (20.0)
35‑44 years 3 (8.6) 11 (31.4) 12 (17.1)
45‑54 years 8 (22.9) 4 (11.4) 4 (5.7)
55 years and 
above

20 (57.1) 14 (40.0) 34 (48.6)

Age in years 
(mean±SD)

55.06±15.81 48.46±16.43 51.96±16.30 0.112

Gender
Male 22 (62.9) 17 (48.6) 39 (55.7) 0.229
Female 13 (37.1) 18 (51.4) 31 (44.3)

ASA grade
1 6 (17.1) 11 (31.4) 17 (24.3) 0.378
2 22 (62.9) 18 (51.4) 40 (57.1)
3 7 (20.0) 6 (17.1) 13 (18.6)

ASA – American society of anaesthesiologists

Table 2: Frequency and percentage of scorpion bites in 
the Group S

Number of bites Number of patients Percentage
1 23 65.7
2 4 11.4
3 3 8.6
4 5 14.3
Total 35 100

Table 3: The onset of sensory and motor block, time to peak of sensory and motor block
Points in time Group S Group C Total T value (P)
Onset of sensory block (min) 2.31±1.68 1.63±0.84 1.97±1.36 4.67 (0.034)
Onset of motor block (min) 2.91±1.80 1.80±0.83 2.36±1.50 10.998 (0.001)
Peak of sensory block (min) 6.45±2.83 3.66±0.94 4.97±2.47 30.48 (0.000)
Peak of motor block (min) 7.83±3.95 4.46±1.40 6.02±3.31 22.36 (0.000)
Values are mean±SD

Table 4: Relation of number of scorpion bites to the time (min) to the onset of sensory and motor block, time to peak of 
sensory and motor block

Number of bites Onset of sensory block Onset of motor block Peak of sensory block Peak of motor block
0 (Group C) 1.63±0.84 1.8±0.83 3.66±0.94 4.46±1.4
1 (Group S) 2.48±1.85 3.0±2.02 6.62±3.09 8.2±4.54
2 (Group S) 2.25±2.06 2.5±1.29 5.67±2.08 6.75±1.71
3 (Group S) 2.0±1.0 3.67±2.31 9.5±0.71 9.0±1.24
4 (Group S) 1.8±0.84 2.4±0.55 5.0±1.41 7.0±3.16
F value 1.45 3.19 10.25 5.81
P 0.228 0.019 0.000 0.001
Values are mean±SD

Group S exhibited longer time for the onset of the 
sensory and motor block and longer time to reach the 
peak of both sensory and motor block than the control 
group as shown in Table 3.

In the Group S, four patients exhibited incomplete 
sensory block, five patients had incomplete motor 
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The “resistance” to local anaesthetics may be attributed 
to mutations in the receptors located in sodium (Na+) 
channels.[11] An atypical receptor site might result 
from genetic variation in the amino acid sequence 
involving sites of phenylalanine and tyrosine amino 
acid residues within the sodium channel. Specifically, 
the sodium channel has been shown to consist of 
alpha, beta‑1 and beta‑2 subunits. The alpha subunit 
involves four homologous domains (I‑IV) and each 
of these domains is made up of six trans‑membrane 
segments (S1‑S6). Local anaesthetic action is believed 
to be due to an interaction with the 6th segment of 
domain four of the alpha subunit (IV‑S6).[11] Resistance 
to local anaesthetics may be related to the alpha 
subunit of the sodium channel and more specifically 
to the 6th segment of domain four of this subunit.[12]

Local anaesthetics act by binding with Na+ channels 
in the closed, open, and inactivated states. These reach 
their binding sites via intracellular and extracellular 
pathways. One of the hypotheses proposed for 
resistance of local anaesthetics is coupled movement 
of Na+ and local anaesthetic in the closed channel. 
This explains seemingly contradictory data on how 
the outer pore mutations as well as tetrodotoxin and 
μ‑conotoxin binding, affect the ingress and egress of 
local anaesthetics.[13]

The voltage‑gated sodium channels are involved in 
the generation and propagation of action potentials 
and transmitting them in excitable cells.[14‑16] These 
channels are targeted by neurotoxins presenting as a 
large variety of chemically distinct compounds that 
bind to several receptor sites on the pore‑forming 
a‑subunit.[16‑18] Scorpion toxins show a preference 
for specific sodium channel subtypes of mammals or 
insects[15,17‑20] The antigenic nature of scorpion venom 
may evoke a very potent antigen‑antibody response, 
especially, if the same individual has been bitten 
multiple times. Our hypothesis is these antibodies 
circulating even at the time of administration of 
local anaesthetics, may have produced competitive 
antagonism with them at the “receptor site” i.e., that 
particular component of sodium channels (6th segment 
of domain four of the alpha subunit (IV‑S6)), where the 
local anaesthetics are supposed to act.[11]

Limitations of the study are that we did not define 
the primary and secondary outcomes when we 
designed the study protocol. Another limitation is the 
wide range of experience of the Anaesthesiologists 
who performed the spinal anaesthesia, 6 months to 

20 years. Furthermore, we did not exclude patients 
with other comorbidities from the nervous system like 
diabetic neuropathy.

In India, scorpion bites are a relatively common 
phenomenon in the countryside. Unfortunately 
the history of scorpion bite is not taken into 
consideration when patients are admitted to 
hospital for unrelated medical or surgical problems. 
Geographically, the area around the place where 
our hospital is situated is infested with scorpions. 
We have come across with apparent “resistance” in 
quite a few patients with history of single or multiple 
scorpion bites, where the local anaesthetics had been 
administered via different routes such as spinal, 
epidural, supraclavicular brachial plexus block and 
peribulbar block.[7,21] The failure of local infiltration 
with local anaesthetics, highlights the possibility of 
development of ‘resistance’ to local anaesthetics in 
patients with scorpion bite history and is consistent 
with the failures of spinal block presented in the 
present study.

COnCLUSIOn

Patients with a history of scorpion bite exhibited 
apparent resistance to bupivacaine spinal block. This 
resistance manifested as inadequate block or block 
failure requiring conversion to general anaesthesia. 
More than one scorpion bites and more recent bites 
are associated with failure of the spinal block rather 
than inadequate spinal block.

REfEREnCES

1. Wulf HF. The centennial of spinal anesthesia. Anesthesiology 
1998;89:500‑6.

2. Kopacz DJ, Neal JM, Pollock JE. The regional anesthesia 
“learning curve”. What is the minimum number of epidural and 
spinal blocks to reach consistency? Reg Anesth 1996;21:182‑90.

3. Konrad C, Schüpfer G, Wietlisbach M, Gerber H. Learning 
manual skills in anesthesiology: Is there a recommended 
number of cases for anesthetic procedures? Anesth Analg 
1998;86:635‑9.

4. Fettes PD, Jansson JR, Wildsmith JA. Failed spinal anaesthesia: 
Mechanisms, management, and prevention. Br J Anaesth 
2009;102:739‑48.

5. Munhall RJ, Sukhani R, Winnie AP. Incidence and etiology of 
failed spinal anesthetics in a university hospital: A prospective 
study. Anesth Analg 1988;67:843‑8.

6. Kavlock R, Ting PH. Local anesthetic resistance in a pregnant 
patient with lumbosacral plexopathy. BMC Anesthesiol 
2004;4:1. Available from: http://www.biomedcentral.
com/1471‑2253/4/1. [Last accessed 2011 Aug 20].

7. Panditrao MM, Panditrao MM, Khan MI, Yadav N. Does 
scorpion bite lead to development of resistance to the effect of 
local anaesthetics? Indian J Anaesth 2012;56:575‑8.

8. Fassoulaki A, Chondrogiannis K, Paraskeva A. An assessment of 



Panditrao, et al.: Scorpion bite and development of resistance to intrathecal Bupivacaine

Indian Journal of Anaesthesia | Vol. 57| Issue 3 | May-Jun 2013240

subarachnoid block: A survey of 175 articles and recommendations 
for improvement. Anesth Analg 2011;113:196‑8.

9. Trescot AM. Local anesthetic "resistance". Pain Physician 
2003;6:291‑3.

10. Hakim AJ, Grahame R, Norris P, Hopper C. Local anaesthetic 
failure in joint hypermobility syndrome. J R Soc Med 
2005;98:84‑5.

11. Ragsdale DS, McPhee JC, Scheuer T, Catterall WA. Molecular 
determinants of state‑dependent block of Na+channels by 
local anesthetics. Science 1994;265:1724‑8.

12. Batas D, Nejad MR, Prabhu PK. Resistance to local anaesthetics: 
A case report. Published; 26th January 2007. Available from: 
http://www.bja.oxfordjournals.org/cgi/qa‑display/short/
brjana_el; 1576. [Last accessed 2011 Aug 20].

13. Bruhova I, Tikhonov DB, Zhorov BS. Access and binding of 
local anesthetics in the closed sodium channel. Mol Pharmacol 
2008;74:1033‑45.

14. Waldmann R, Lazdunski M. H(+)‑gated cation channels: 
Neuronal acid sensors in the NaC/DEG family of ion channels. 
Curr Opin Neurobiol 1998;8:418‑24.

15. Cestèle S, Catterall WA. Molecular mechanisms of neurotoxin 
action on voltage‑gated sodium channels. Biochimie 
2000;82:883‑92.

16. Yu FH, Catterall WA. Overview of the voltage‑gated sodium 
channel family. Genome Biol 2003;4:207.

17. Cestèle S, Gordon D. Depolarization differentially affects 

allosteric modulation by neurotoxins of scorpion alpha‑toxin 
binding on voltage‑gated sodium channels. J Neurochem 
1998;70:1217‑26.

18. Gordon D. A new approach to insect‑pest control – Combination 
of neurotoxins interacting with voltage sensitive sodium 
channels to increase selectivity and specificity. Invert Neurosci 
1997;3:103‑16.

19. Mouhat S, Jouirou B, Mosbah A, De Waard M, 
Sabatier JM. Diversity of folds in animal toxins acting on ion 
channels. Biochem J 2004;378:717‑26.

20. Bosmans F, Martin‑Eauclaire MF, Tytgat J. Differential effects of 
five 'classical' scorpion beta‑toxins on rNav1.2a and DmNav1 
provide clues on species‑selectivity. Toxicol Appl Pharmacol 
2007;218:45‑51.

21. Panditrao MM, Panditrao MM, Sunilkumar V, Panditrao AM. 
Can repeated scorpion bite lead to development of resistance 
to effect of local anesthetics? Maybe it does! Case Reports 
in Clinical Medicine2013; 2:  179‑182 (2013) doi:10.4236/
crcm.2013.22049.  Available from: http://www. scirp.org/
journal/crcm. [Accessed on 2013 Apr 21].

Source of Support: Nil, Conflict of Interest: We also confirm, by 
a disclosure, that there are no financial interests or any other dual 
commitments that represent any potential conflicts of interest for 

any of the authors

INDIAN SOCIETY OF ANAESTHESIOLOGISTS

KERALA STATE CHAPTER

Invites Applications / Nominations from Anaesthesiologists working in India for the 

KPR YOUNG ANAESTHESIOLOGIST AWARD 
Instituted in memory of late Dr. K. P. Ramachandran, the doyen of Anaesthesiology.

A. Eligibility
 1.  Should be within 10 years after the post graduate qualification
  (Certificate from the HOD and or Copy of the MD/DA certificate)
 2. Member of ISA

B.  Selection criteria
 1.  Research achievements in the field of Anaesthesia
 2. Academic and professional achievements
 3. Contributions to cause of Anaesthesia
 4. Contributions to ISA
 5. Contribution to social and public causes

C.  The award carries
 1.  Cash award of Rs. 15,000/- (Rupees Fifteen thousand)
 2. Citation and medal (will be presented during the Annual Kerala State Conference).
 3. Presentation of his / her major research work at the 37th Kerala State Annual Conference on 26th-27th October 2007  

 at Perinthalmanna, Malappuram, Kerala.
 4. TA (II tier AC train fare by the shortest route) and local hospitality for the presentation.

 The application with reprints/copies of publications and other supporting documents should reach the Coordinator on 
or before 1st August, 2013 (both email and surface mail)

Dr. Thomas Koshy 
Co-ordinator, KPR Endowment, President-Elect ISA Kerala State Chapter,

E-mail: koshy61@rediffmail.com

Announcement


