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Abstract: Alkalinization of 1.5% lignocaine hydrochloride with adrenaline leads to alternation in its onset of
action and duration of action.60 patients requiring upper limb surgery between the age group of 20-60 years of
either sex, falling under ASA grade | and Il and were randomly allocated into two groups. Group A received
32ml of lignocaine hydrochloride with adrenaline (1:200000) solution (pH=4.37).Group B received 32ml of
alkalinised standard solution of lignocaine hydrochloride with adrenaline (1:200000) prepared by addition of
2ml 7.5% (w/v) sodium bicarbonate (pH=7.24). Supraclavicular brachial plexus block technique was used for
administration of drug. Onset of sensory block, onset of motor block, quality of block and duration of block
and duration of analgesia were assessed using standard parameters. It was observed that raising the pH of
solution from 4.37 to 7.24 produced a reduction in latency of sensory block (13.09+£2.83 to 6.32+1.68
minutes), a reduction of latency of motor block (22.62+5.9 to 10.89+2.05 minutes ) and increase in the
duration of block and duration of analgesia. Alakalinization of lignocaine with adrenaline increased the
frequency of complete block from 63% to 93%.
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I.  Introduction

Brachial plexus block is preferentially used technique for anaesthesia of upper limb due to its easy
accessibility and simplicity with predictable land marks. Prolonged latency following brachial plexus
anaesthesia presents a potential problem in the busy clinical setting. Efforts to improve onset time have
centered on the choice and modification of local anaesthetic solutions.

Alkalinization has been shown to improve neural blockade in animal models[1], and research involving
alkalinization of different local anaesthetic solutions has been undertaken in various clinical settings in
man: brachial plexus [2-7], epidural anaesthesia [8-10], and various others [11,12]. The results produced have
been conflicting, ranging from no effect to improvement in both onset and duration of anaesthesia.
Although the pharmacology is well understood, the topic remains one of controversy. Technique, agent
specificity, the addition of adrenaline, and the degree of change in pH have been suggested as possible
explanations [1, 7].

The choice of local anaesthetic agent is also important in determining the latency of neural
blockade. Traditionally, lignocaine has been used during brachial plexus anaesthesia to produce a relatively
rapid onset time. However, the duration of anaesthesia is often less than with other local anaesthetic agents. This
study has aimed to investigate the effect of alkalinization on latency, quality and duration of anaesthesia.

Il.  Materials And Methods

The present study was conducted in the department of anaesthesiology, Rajiv Gandhi Institute of
Medical Sciences, Ongole, Prakasam District. After approval from the institutional ethical committee and
informed and written consent were taken from patients. 60 patients who required upper limb surgery were
selected for this study. The age of patients ranged from 20 to 60 years of either sex. Prior to selection a
thorough pre-anaesthetic clinical evaluation was carried out and only ASA grade | and Il patients were
included in this study. Exclusion criteria included progressive neurological disorder, severe liver or
kidney disease, patients with bilateral upper limb surgery or any history of previous adverse reaction to local
anaesthetic drug. Patient who weighed less than 50 kg or more than 70kg were also excluded from the study
asa fixed amount of local anaesthetic was used. Patients having contralateral pneumothorax or collapsed or
partially collapsed lungs were also excluded from the study.
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The patients were randomly allocated into two groups A and B according to the drug received. For
Each Group 30 patients were allotted .Group A patients received 32 ml of 1.5% lignocaine hydrochloride with
adrenaline (30 ml lignocaine with adrenaline (1:200000)(pH=4.37) +2ml distilled water) and Group B patients
received 32ml of freshly prepared alkalinised solution of lignocaine hydro chloride with adrenaline (1:200000)
(30 ml of 1.5% lignocaine hydrochloride with adrenaline+2ml of 7.5% sodium bicarbonate(w/v) (pH=7.24)).
Alkalinization of solution was done just prio to use by adding 2 ml of sodium bicarbonate 7.5%(w/v) to 30
ml of lignocaine hydrochloride with adrenaline. Mixture was inverted, without shaking, 30 times over a period
of 45to 60 seconds. pH of the solution was estimated by an electronic pH meter.

Brachial plexus block was given by conventional supraclavicular approach. Onset of sensory and motor
block were tested at every one minute interval for a maximum of 30 minutes. Onset of sensory block was
determined by loss of pinprick sensation. Onset of motor block was judged by loss of finger movements.
Latency of sensory blockade is calculated from the time of injection to loss of pinprick sensation. Latency in
motor blockade is determined from the time of injection to loss of finger movements. Duration of blockade is
calculated from loss of pinprick to reappearance of pinprick sensation. Duration of motor block being the time
taken from loss of finger movements till the patients started moving their fingers. Duration of analgesia is
calculated from loss of pinprick sensation to first requirement of analgesia by the patient in the post operative
ward. Quality of block was assessed by the time taken to achieve sensory and motor block. When all the
parameters were achieved within 30 minutes it was a complete block. When any of the parameters could not be
achieved except pinprick within 30 minutes, it was incomplete and failed when none of the parameters were
achieved.

Routine monitoring of patients was done both preoperatively, after injection and postoperatively. All patients
were kept under observation for 24 hours.

3. Observations and Results

Data is analyzed and tabulated and subjected to statistical analysis by using student “t” test (two tailed
distribution and unpaired) to find the significance between two groups and tabulated below (level of
significance t>2 and p< 0.05).

ITable-1: Age and sex distribution of the patients
Age (myvears) = No. of patients

Group A Group B

M F Total M F Total
20-30 g 6 | 14 - 3 7
3140 - i | 5 7 2 9
41-30 3 < < - 8
51-60 5 2 | 7 - 2 6
Total 0 0 30 19 11 30

| Table-2: Distribution of the patients according to the surgical procedures

Surgical procedures Group A Group B
| Radialplating 3 L

Radial head excision 1 1

Ulnag nailing 3 6
| Tension band wiring of elbow 1 i

Dynamic compression plating of - 3

humerus
Radial plating and ulnar nailing i

ement 3 3
putation 3

| Excision of swelling EX 1+
|_Tendon repair 2 1
Post traumatic contracture release and 2 2
spilt skin grafring
K wire fixation 2
Total 30 30
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Table-3: Onset of block (minutes)

Parameters Group A GroupB | t value | p value
Sensory block (Loss of pinprick 13.09=283 | 632=168 | 112 <0.001
sensation)

Motor block {Loss of finger 2262391 | 1089=205 | 1027 < 0.001
movements)

Table-4: Duration of block (minutes)

Parameters Group A Group B tvalue | p value

Sensorv block 954323419 1251622775 | 37 <0.001

Meotor block 10350=3331 | 13496=2983 | 383 <0.001

Analgesia 128 76=3801 | 187.83=3934 | 586 <0001

Table-5: Quality of block

Group | Complete | % Incomplete | % Failure % Total

A 19 63% 10 33% 1 1% 30

B 28 93% 2 7% 0 0% 30

Total 47 12 1 60
I11.  Discussion

The present study is an attempt to compare relative efficacy of lignocaine hydrochloride with different
pH values with regard to Brachial plexus block by supraclavicular approach. A local anaesthetic is a drug which
reversibly blocks the transmission of peripheral nerve impulses. Local anaesthetics are usually injected as acidic
solutions of the hydrochloride salt (pH<5). In this form amine group is ionized and the drug becomes soluble in
water and therefore suitable for injection . After injection tissue buffering raises the pH and a percentage of the
drug dissociates to become free bases, the amount depending upon ‘dissociation constant’ of the individual drug
.Being lipid soluble, the free base is able to penetrate both the nerve coverings and the lipid cell membrane to
reach the interior of the axon where a portion re-ionizes. The re- ionized portion enters the sodium channels and
plug s these channels so that sodium ions cannot enter the cell. As a result action potentials are neither
generated nor propagated and conduction block occurs.

On the other hand alkalinization (carbonation) of lignocaine hydrochloride lead to higher pH>6 and
thus it is less depending on tissue buffering capacity of the tissues (pH=7.4). On injection of this alkalinized
solution the free base liberated, carbondioxide rapidly diffuses into the axon interior and the pH falls ,which
forces dissociation of local anaesthetic to the active cationic form .This effect results in ‘ion-traping” further
favouring the rapid movement of the local anaesthetic into the axon.

Catchlov et al[13] demonstrated in vitro studies that the exposure of axons to equal amounts of
carbonate or hydrochloride lignocaine ,resulted in a tenfold increase in the degree of block for the carbonate salt
compared to the hydrochloride salt .The effect of carbondioxide on local anaesthetic action in vitro depends on
these probable mechanisms.

1) Axonplasmic acidification with ion traping of local anaesthetic
2) A general reduction in the safety margin for nerve impulse conduction induced by carbondioxide
3) Species specific increase in sodium channel binding by local anaesthetic

Usually among all the sensory modalities of temperature, touch, pinprick ,pressure sensation the first
sensory parameter to be lost was temperature which was followed by touch,pinprick and lastly pressure
sensation. In the present study we took only pin prick sensation for estimating the latency of sensory block .
In our study onset of sensory and motor block in group B was earlier compared to group A. Duration of
sensory, motor and analgesia was prolonged in group B compared to group A.

The 50.25% reduction in latency of sensory block observed in our study with group B is almost nearer
to 45% reduction noted in the study done by Radha Sukhani et al [14]. In their study they compared 1%
lidocaine hydrochloride with 1.1% lidocaine carbonate. The reduction in the onset of time they attributed was
due to greater rapidity of spread, tissue penetration and intraneural diffusion more with the carbonate than with
hydrochloride salt. In our study we used 1.5% lignocaine hydrochloride solution with pH 7.24 which was near
to physiologic pH and reduced the buffering pH period of the tissues. So, this may be the reason for 50%
reduction in latency in sensory block. Schulte-Steinberg et al[15] when in their study compared 1.73%
carbonated lignocaine (pH=6.5) with 2% lignocaine hydro chloride (pH=4) they found latency for complete
analgesia to be averaged 4-5 minutes for carbonated solutions and 4-20 minutes for hydrochloride solutions.
Gormly et al[16] demonstrated in their study using 1.5% lignocaine with adrenaline (pH=4.2) and alkalinised
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1.5% lidocaine with adrenaline (pH=7.2) on axillary plexus block that there was a significant reduction in time
to useful anaesthesia and reduced requirements for the adjuvents in the alkalinised group.

In our study onset of motor block is significantly reduced from 22.62+5.91 to 10.89+2.05. these
findings are similar to the study of Radha Sukhani et al[14] who observed that the onset of paralysis was
significantly faster with the carbonated lidocaine(pH=6.8) than with the hydrochloride (pH=6.5). Quinlan et
al[7]while working with alkalinized Mepivacaine on axillary block concluded that no significant difference in
time to onset of paresis was noted but it significantly shortened the time to onset of both proximal and distal
paralysis. Chow et al[17] showed in their study that alkalinized lidocaine(pH=7.15) did not improve the onset
of motor block after axillary brachial plexus anaesthesia.

Quality of block was graded into three-complete, incomplete and failed. In present study 63% and 93%
cases had complete block respectively in group A and B. incomplete block was seen in present study to be 33%
in group A and 7% in group B. Schulte-Steinberg et al[15] found 44% patients had a complete block when
carbonated solution of lignocaine was used(pH=6.5) but only 36.3% had such blockade when hydro chloride
solution was used (pH=4). Chow et al[17] compared lidocaine with adrenaline solution (pH=6.24) with
alkalinised lidocaine with adrenaline solution (pH=7.15) for axillary plexes. They concluded that difference in
the overall success did not reach statistical significance between the two groups.

In the present study mean duration of sensory blockade in group A cases was 95.43+34.19 minutes and
in group B it was 125.16+27.75 min. Mean duration of motor block in group A was 103.50+33.31 in minutes
and in group B it was 134.96+29.83 minutes. Mean duration of analgesia in group A was 128.76+38.01 and in
group B it was 187.83+39.34. Our study demonstrated that alkalinization of lignocaine hydrochloride
improved the duration of sensory, motor and duration of analgesia significantly (p value< 0.001).

Ririe DG et al[18] performed median nerve blocks on 10 volunteers to compare the efficacy of 1%
plain lidocaine with 1% lidocaine mixed with sodium bicarbonate o.1mmol/lit. their data suggested that
addition of bicarbonate to lidocaine for median nerve block significantly increased the rate of motor block.
Similarly Difazio et al[8] compared pH adjusted lidocaine solution for epidural anaesthesia and demonstrated
that the degree of improvement in time to onset and duration is directly related to extend of difference in the pH
of the solutions.

IV.  Complications
Out of sixty patients in our study arterial puncture was encountered in 5 patients and tachycardia in 3
patients. We did not encounter any case of pneumothorax, phrenic nerve palsy and toxicity of drug.

V.  Conclusion

In conclusion we can say that raising the pH of 1.5% lignocaine hydrochloride with adrenaline
solution from 4.37 to 7.24 produced a definite reduction in the latency of sensory as well as motor block. It was
also observed that alkalinization of 1.5% lignocaine hydrochloride improved the duration of motor and sensory
block. Also greater frequency of complete block was seen on increasing the pH from 4.37 to 7.24. Duration of
analgesia also significantly increased in alkalinized lignocaine hydrochloride group.

Therefore alkalinized lignocaine hydrochloride solution provides a significant advantage over non
alkalinized lignocaine hydrochloride in terms of quicker onset, duration and quality of block.
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