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Abstract: 
Neuromuscular blocking drugs play a crucial role in modern anesthesia, providing a relaxed surgical field and 
minimal cardio-respiratory disturbance when combined with mild anesthetics like nitrous oxide. 
Anticholinesterase drugs like neostigmine, pyridostigmine, physostigmine, edrophonium are commonly used to 
reverse the action of non-depolarizing neuromuscular blocking agents. 
Despite clinically effective reversal of neuromuscular block, there's a considerable incidence of residual muscle 
paralysis, though patients confined to bed post-surgery may not face immediate harm. This study aims to address 
the issue of residual paralysis post-reversal and determine the additional neostigmine dose required, contributing 
to improved patient safety and post-operative outcomes.  
Sixty patients were selected for this work from the routine operation lists of a tertiary care center of Kanpur city. 
The selection of patients was made during the preanesthetic visits in the wards, one day prior to the operation. 
Patients of both sexes between the age of 14 years to 65 years (Mean 34.9 years) were selected. Their weight 
varied from 35 kg. to 70 kg. (Mean 49.5 kg.). Out of the total 60 patients, 44 showed inadequate reversal of 
neuromuscular block (residual paralysis), when tested with the Maddow wing. Of these, 19 patients belonged to 
the "gallamine group" 18 to the "Pancuronium group" and 7 to the "Tubocurarine group". 
Out of the 44 patients who showed inadequate reversal of neuromuscular block when tested with the Maddox 
wing, 30 patients complained of diplopia and 10 patients showed Nystagmus while trying to focus their eyes on 
the scale of the Maddox wing. The incidence of diplopia and nystagmus in the three groups of patients. 
D-tubocurarine results in significantly lower and less severe residual paralysis compared to gallamine and 
pancuronium. The neostigmine dosage necessary for adequate tubocurarine block reversal is notably less than that 
required for gallamine or pancuronium blocks. 
Keywords: Recurarization, pancuronium, Tubocurarine, Maddox wing. 
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Introduction

Neuromuscular blocking drugs play a crucial role in 
modern anesthesia, providing a relaxed surgical 
field and minimal cardio-respiratory disturbance 
when combined with mild anesthetics like nitrous 
oxide.[1] The rapid recovery from anesthesia, 
facilitated by the reversal of neuromuscular blocking 
drugs with anti-cholinesterase drugs like 
neostigmine, allows patients to regain full 
consciousness within minutes post-surgery. Despite 
the extensive use of these drugs in clinical practice, 
much of our understanding comes from animal 
studies and tissue experiments. In clinical settings, 
repeated doses of neuromuscular blocking agents are 
administered over hours before reversal with an 
antagonist like neostigmine.[2] However, ensuring 
complete reversal remains challenging, with no clear 

correlation between neostigmine doses and the total 
amount of neuromuscular blocking agent 
administered. 

Various criteria are used to assess reversal, including 
subjective observation of ventilation and objective 
measurements with respirometers or peripheral 
nerve stimulators.[3] However, even after apparent 
reversal, residual muscle paralysis can occur, as 
demonstrated by more sensitive techniques like 
electromyography. In this study, we aim to measure 
residual muscle paralysis using eye divergence as an 
indicator, utilizing the Maddox wing technique. 
Additionally, we aim to determine the additional 
neostigmine dose required in patients showing 
residual paralysis.[4] 
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Anticholinesterase drugs like neostigmine, 
pyridostigmine, physostigmine, edrophonium, and 
bibenzonium are commonly used to reverse the 
action of non-depolarizing neuromuscular blocking 
agents.[5] While pyridostigmine offers advantages 
like greater effectiveness and longer duration over 
neostigmine, its slower onset of action limits its use. 
Edrophonium, mainly used for diagnostic purposes, 
is less reliable for routine antagonism due to its 
shorter duration of action. Physostigmine, more 
potent than neostigmine, has broader effects on the 
body and is unsuitable for reversing neuromuscular 
blockade due to its widespread actions.[4,5] 

Neostigmine, synthesized in 1931, remains widely 
used despite its poor absorption orally. Its 
pharmacological actions on the central nervous, 
cardiovascular, and respiratory systems, as well as 
on skeletal and smooth muscles, contribute to its 
efficacy in reversing neuromuscular blockade. 
However, the mechanism of action of 
anticholinesterases remains controversial, with 
proposed explanations including cholinesterase 
inhibition, direct stimulation of motor end plates, 
direct action on motor nerve terminals, and 
displacement of relaxants. 

Assessment of reversal often relies on subjective 
criteria like ventilation restoration and objective 
measures such as peripheral nerve stimulation.[6] 
However, even with apparent reversal, residual 
paralysis can persist, highlighting the need for more 
sensitive evaluation methods. Recurarization, or the 
re-establishment of neuromuscular block after 
reversal, poses a risk, especially with drugs like 

gallamine, and may be influenced by factors like 
electrolyte disturbances and enhanced myoneural 
junction sensitivity.[6,7] 

Neostigmine-resistant curarization" is a severe 
complication characterized by inadequate reversal 
despite neostigmine administration, potentially 
leading to cardiovascular impairment and death. 
Various hypotheses suggest electrolyte 
disturbances, metabolic acidosis, or abnormal drug 
sensitivity as possible causes.[8] Additionally, the 
nature of the neuromuscular blocking agent can 
affect the neostigmine dose required for 
reversal.[9,10] 

In conclusion, while neuromuscular blocking drugs 
and their reversal agents are integral to anesthesia 
practice, ensuring complete reversal remains a 
challenge. This study aims to address the issue of 
residual paralysis post-reversal and determine the 
additional neostigmine dose required, contributing 
to improved patient safety and post-operative 
outcomes. 

Material and Methods 

Sixty patients were selected for this work from the 
routine operation lists of a tertiary care center of 
Kanpur city. The selection of patients was made 
during the preanesthetic visits in the wards, one day 
prior to the operation. Patients of both sexes between 
the age of 14 years to 65 years (Mean 34.9 years) 
were selected. Their weight varied from 35 kg. to 70 
kg. (Mean 49.5 kg.).

 

 
(Mean 34.9 years) 

Figure I: showing age wise distribution 
 

Preanesthetic check-up: Before anesthesia, patients underwent thorough examinations, including medical 
history review, clinical evaluations, and relevant tests. Patients were free from illnesses except those requiring 
surgery. Systemic and metabolic diseases potentially affecting neuromuscular transmission were excluded, such 
as endocrine, muscle, renal, liver, cardiovascular, and gastrointestinal disorders. Detailed assessments covered 
various symptoms and signs, including respiratory, cardiovascular, neurological, and abdominal examinations. 
Routine tests like urine analysis, hemoglobin levels, and chest X-rays were conducted 
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Table 1: 
Sr. No. Operations No of patients 
1 Plication of TVH 27 
2 Biopsy of lymph node 10 
3 Excision of fibroaedenoma of breast 4 
4 Excision of sebaceous cyst 4 
5 Circumcision 3 
6 Orchiopexy 3 
7 Excision of granuloma of foot 3 
8 Excision of lipoma 2 
9 Skin grafting 2 
10 Scraping of sinus 2 
Total  60 

The selected 60 patients were scheduled to undergo various surgical operations as shown in table no I. 
 

Pre anaesthetic medication: No premedicate drugs 
were given in this study. 

Procedure: Before inducing anesthesia, all the 
patients were given the "Maddox wing test". The 
patient was made to sit comfortably on a bed with 
both shoulders at the same level, and he was told to 
hold the Maddox wing in front of his eyes with the 
face piece resting on the nose. He was given a 
preliminary practice of reading the horizontal scale 
and viewing the white arrow simultaneously. After 
he had familiarized himself with the procedure, he 
was asked to read out the number on the horizontal 
scale which coincided with the white arrow. Only 
those patients who read 0 (zero) against the arrow, 
i.e. patients having no divergence of the eyes, were 
included in the study.  

After this, the patient was put on the operation table. 
Before inducing anesthesia blood pressure and pulse 
rate were recorded and an intravenous infusion of 
5% glucose was set up. The anesthesia vas induced 
with sodium thiopentone 7.0 mg./kg injected into the 
tube of the intravenous infusion followed by one of 
the three non-depolarizing muscle relaxants i.e. 
gallamine 2.5 mg/kg, pancuronium 0.08 ng/kg or d-
tubocurarine 0.4 mg/kg. The patients receiving 
gallamine, pancuronium and d-tubocurarine vere 
designated as "Gallamine group", "Pancuronium 
group" and "Tubocurarine group respectively. 
Twenty patients were allotted to each group. After 
ventilating the patient's lungs for three minutes with 
oxygen and nitrous oxide in 1:2 ratio, the trachea 
was intubated with a cuffed oral tube of appropriate 
size. Anesthesia was maintained with oxygen and 
nitrous oxide in 1:2 ratio. and the patient was kept 
paralyzed by injecting, intravenously, intermittent 
doses of the same neuromuscular blocking drug 
which was used for intubation in dose of 1/5 of the 
initial dose. Intermittent positive pressure 
ventilation was maintained manually. The duration 
Of Anesthesia is shown in table no. IV. 

On completion of the operation, nitrous oxide was 
cut off and the patient was ventilated manually with 

100% oxygen. Reversal of the effect of the muscle 
relaxant was attempted only after a minimum of 20 
minutes had elapsed since its last dose. For this 
purpose, neostigmine 2.5 mg. mixed with atropine 
1.2 mg. was injected intravenously in all patients. 
When spontaneous ventilation appeared to be 
adequate and the patient responded to instructions 
like opening the eyes on command, his trachea was 
extubated, and he was transferred to the anesthetic 
resus- citation unit adjoining to the operating room. 
In the resuscitation unit the patient was again given 
"Maddox wing test". If the readings were not similar 
to the preanesthetic value i.e., it was not zero, 0.5 
mg. of neostigmine mixed with 0.3 mg. of atropine 
was given to the patient intravenously and the test 
given again after 15 minutes. The procedure was 
repeated until either the preanesthetic reading(zero) 
Was obtained or a total dose of 5.0 mg. neostigmine 
had been given, when no further dose of neostigmine 
was injected. The number of doses of neostigmine 
given to each patient were recorded. A close watch 
on the pulse rate and arterial pressure was 
maintained during the procedure. 

Observations and Results 

The results of the Maddox wing test" for assessing 
the presence of residual muscular paralysis after 
apparently successful reversal of neuromuscular 
block as judged by clinical test are shown in Table 
No. V, VI, VII.  

Out of the total 60 patients, 44 showed inadequate 
reversal of neuromuscular block (residual paralysis), 
when tested with the Maddow wing. Of these, 19 
patients belonged to the "gallamine group" (Table 
No. II), 18 to the "Pancuronium group" (Table No.II) 
and 7 to the "Tubocurarine group" (Table No. II).  

Out of the 44 patients who showed inadequate 
reversal of neuromuscular block when tested with 
the Maddox wing, 30 patients complained of 
diplopia and 10 patients showed Nystagmus while 
trying to focus their eyes on the scale of the Maddox 
wing. The incidence of diplopia and nystagmus in 
the three groups of patients is shown Table No. VIII. 
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Table 2: Gallamine, Pancuronium and Tubocurarine Groups 
Sr. no. Preanesthetic 

Maddox wing 
reading(diopters) of 
Gallamine, 
Pancuronium, 
Tubocurarine 

Maddox wing 
readings(diopters) 
after “successful” 
reversal of 
Gallamine 

Maddox wing 
readings(diopters) 
after “successful” 
reversal of 
Pancuronium 

Maddox wing 
readings(diopters) 
after “successful” 
reversal of 
Tubocurarine 

1 0 22 0 1 
2 0 22 2 20 
3 0 22 20 2 
4 0 1 22 10 
5 0 22 14 8 
6 0 22 18 6 
7 0 16 18 2 
8 0 20 20 1 
9 0 22 22 22 
10 0 14 22 8 
11 0 22 22 0 
12 0 22 22 22 
13 0 8 12 0 
14 0 1 20 10 
15 0 22 22 22 
16 0 22 22 22 
17 0 20 22 0 
18 0 1 18 1 
19 0 1 18 0 
20 0 20 18 22 

Divergence of eyeballs after clinically “Successful” reversal of the neuromuscular block 

 
Figure 2: Incidence of diplopia and nystagmus after clinically “successful” reversal of neuromuscular 

block. 

Supplementary neostigmine was given to patients 
showing residual muscular paralysis when tested 
with the Maddox wing. The number of doses of 
neostigmine, each consisting of 0.5 mg., given. 
intravenously to these patients varied from one to 
four doses i.e. the cumulative dose was 0.5 mg. to 
2.0 mg. This is shown in Table No. III, IV and V. 
The patients in the "Gallamine group" and the 
"Pancuronium group" needed a higher 
supplementary dose of neostigmine than the patients 
in the "Tubocurarine group".  

The distribution of patients in the three groups 
requiring various supplementary doses of 
neostigmine is shown in Table No. VI 
 The total doses of neostigmine, calculated per kg 
body weight reversal of residual paralysis for each 
group of patients is shown in Table No. VII. The 
dose of neostigmine required for the complete 
reversal of the gallamine block was significantly 
higher than that required for reversing the d-
tubocurarine block (t = 3.43, P<0.001). Similarly, 



 
  

International Journal of Current Pharmaceutical Review and Research           e-ISSN: 0976-822X, p-ISSN: 2961-6042 
 

Pandey et al.                           International Journal of Current Pharmaceutical Review and Research  

67   

the dose of neostigmine required for the complete 
reversal of the pancuronium block was significantly.

Table 3: Gallamine: Cumulative supplementary doses and total dose of neostigmine required for 
complete reversal of neuromuscular block as assessed with Maddox wing. 

Sr. 
No. 

Post anaesthetic Maddox wing readings (Diopters) 
after cumulative doses neostigmine(mg.)  

Dose of neostigmine (mg.) 

 0 0.5 1.0 1.5 2.0 2.5 Supplementary dose. Total dose 
1 22 14 4 0 - - 1.5 4.0 
2 20 18 10 1 0 - 2.0 4.5 
3 18 8 1 0 - - 1.5 4.0 
4 1 0 - - - - 0.5 3.0 
5 20 18 14 0 - - 1.5 4.0 
6 20 16 0 - - - 1.0 3.5 
7 22 10 0 - - - 1.0 3.5 
8 18 12 2 0 - - 1.5 4.0 
9 22 20 2 0 - - 1.5 4.0 
10 12 0 - - - - 0.5 3.0 
11 22 18 12 0 - - 1.5 4.0 
12 22 0 - - - - 0.5 3.0 
13 8 4 0 - - - 1.0 3.5 
14 1 0 - - - - 0.5 3.0 
15 22 0 - - - - 0.5 3.0 
16 20 10 4 0 - - 1.5 4.0 
17 10 0 - - - - 0.5 3.0 
18 0 - - - - - 0.0 2.5 
19 1 0 - - - - 0.5 3.0 
20 16 2 0 - - - 1.0 3.5 

 

Table 4: Pancuronium: Cumulative supplementary doses and total dose of neostigmine required for 
complete reversal of neuromuscular block as assessed with Maddox wing. 

Sr. 
No. 

Post anaesthetic Maddox wing readings (Diopters) after 
cumulative doses neostigmine(mg.)  

Dose of neostigmine (mg.) 

 0 0.5 1.0 1.5 2.0 2.5 Supplementary dose. Total dose 
1 0 - - - - - 0.0 2.5 
2 2 1 0 - - - 1.0 3.5 
3 18 4 1 0 - - 1.5 4.0 
4 22 14 0 - - - 1.0 3.5 
5 14 2 0 - - - 1.0 3.5 
6 18 2 1 0 - - 1.5 4.0 
7 16 2 0 - - - 1.0 3.5 
8 12 0 - - - - 0.5 3.0 
9 16 14 0 - - - 1.0 3.5 
10 22 14 0 - - - 1.0 3.5 
11 20 1 0 - - - 1.0 3.5 
12 0 - - - - - 0.0 2.5 
13 2 1 0 - - - 1.0 3.5 
14 1 0 - - - - 0.5 3.0 
15 1 0 - - - - 0.5 3.0 
16 20 12 0 - - - 1.0 3.5 
17 1 16 0 - - - 1.0 3.5 
18 12 0 - - - - 0.5 3.0 
19 2 0 - - - - 0.5 3.0 
20 12 0 - - - - 0.5 3.0 
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Table 5: Tubocurarine, Cumulative supplementary doses and total dose of neostigmine required for 
complete reversal of neuromuscular block as assessed with Maddox wing. 

Sr. 
No. 

Post anesthetic Maddox wing readings (Diopters) 
after cumulative doses neostigmine(mg.)  

Dose of neostigmine (mg.) 

 0 0.5 1.0 1.5 2.0 2.5 Supplementary dose. Total dose 
1 0 - - - - - 0.0 3.5 
2 12 0 - - - - 0.5 3.0 
3 1 0 - - - - 0.5 3.0 
4 2 0 - - - - 0.5 3.0 
5 0 - - - - - 0.0 2.5 
6 0 - - - - - 0.0 2.5 
7 0 - - - - - 0.0 2.5 
8 0 - - - - - 0.0 2.5 
9 12 2 0 - - - 1.0 3.5 
10 0 - - - - - 0.0 2.5 
11 0 - - - - - 0.0 2.5 
12 18 0 - - - - 0.5 3.0 
13 0 - - - - - 0.0 2.5 
14 0 - - - - - 0.0 2.5 
15 18 0 - - - - 0.0 2.5 
16 0 - - - - - 0.0 2.5 
17 0 - - - - - 0.0 2.5 
18 1 0 - - - - 0.5 3.0 
19 0 - - - - - 0.0 2.5 
20 0 - - - - - 0.0 2.5 

 

Table 6: Distribution of patients requiring various supplementary doses of neostigmine. 
Sr. 
No. 

Group of patients Number of supplementary doses of neostigmine (mg) required in each group of 
patients 
0.5 1.0 1.5 2.0 2.5 

1 Gallamine group 7 4 7 1 - 
2 Pancuronium group 6 10 2 - - 
3 Tubocurarine group 6 1 - - - 

 

Table 7: Total doses of neostigmine (mg/kg) required for complete reversal of neuromuscular block. 
Sr. 
No. 

Neostigmine (mg/kg) 
Gallamine group Pancuronium group Tubocurarine group 

1 0.08 0.05 0.04 
2 0.13 0.07 0.07 
3 0.10 0.08 0.05 
4 0.07 0.08 0.05 
5 0.05 0.06 0.07 
6 0.06 0.09 0.05 
7 0.05 0.06 0.04 
8 0.08 0.05 0.05 
9 0.08 0.07 0.05 
10 0.06 0.06 0.05 
11 0.09 0.07 0.05 
12 0.05 0.06 0.06 
13 0.06 0.08 0.05 
14 0.07 0.06 0.06 
15 0.04 0.07 0.08 
16 0.10 0.05 0.05 
17 0.07 0.05 0.05 
18 0.05 0.06 0.05 
19 0.05 0.06 0.04 
20 0.06 0.05 0.05 
Mean 0.067 0.064 0.049 
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Discussion 

The use of neuromuscular blocking drugs in the 
anesthetic practice has become universal.  While 
muscle relaxants control the reflex movements of 
patients and provide a relaxed field for the operation 
it becomes unnecessary to take the patients into deep 
stages of anesthesia. It is sufficient to produce 
adequate analgesia by using mild anesthetics like 
nitrous oxide or lower concentration of other more 
potent anesthetics. This way the homeostatic 
changes during anaesthesia can be kept to the 
minimum and excessive cardiorespiratory 
depression can be avoided. The patients recover 
quickly from anaesthesia and are alert within short 
time after the termination of anesthetic 
administration and after reversing the effect of 
muscle relaxants with an antagonist. If muscle. 
relaxants are used inexpertly; it can be very 
hazardous and may easily lead to a fatal outcome. 
Failure to reverse their effect adequately before 
withdrawing the respiratory support to the patient is 
a common cause of this hazard. This can arise if an 
inaccurate dose of the antagonist to the muscle 
relaxant is used or when muscle relaxants are 
administered to patients with electrolyte and acid-
base imbalance. [11] An excessive dose of 
anticholinesterase is as much hazardous as an 
inadequate dose when given for reversing the effect 
of neuro-muscular blocking agents. An inadequate 
dose of anticholinesterase does not fully reverse the 
effect of muscle relaxant and overdose of anti- 
cholinesterase itself can produce depression of 
neuro-muscular trans- mission by persistent 
depolarization. Hence it is imperative that precisely 
correct dose of the antagonist be used. [12] 

The most common anticholinesterase used for this 
purpose is neostigmine methyl sulfate. While using 
it, clinical signs of returning of adequate motor 
activity are usually relied upon to decide adequate 
reversal of action of muscle relaxants. But 
occasional cases of recanalization, resulting 
probably from inadequate dose of the antagonist, are 
reported in the literature. A large amount of work 
has been done to decide its correct dose for the 
adequate reversal of the effect of the neuromuscular 
blocking agents. Yet one sees that there is no 
unanimity on this. Doses varying from 2.25 to 5.0 
mg. are advocated for adult patients (Katz, 1967; 
Bridenbaugh et al 1968; Miller et al 1972). [3, 9] 

Various clinicians use various criteria for assessing 
reversal of neuromuscular blocking effect of muscle 
relaxants. The most common criterion used is the 
return of adequate spontaneous ventilation decided 
subjectively by watching the movement of the 
reservoir bag or of the chest or measured objectively 
with the use of a respirometer. Besides this method 
there are other clinical signs which help in deciding 
the adequate reversal of these drugs. Absence of 
ptosis, absence of tracheal tug, absence of 

nystagmus and "head lifting test" are some of these. 
But the clinical methods may be deceptive because 
patients may be able to breathe with a normal tidal 
volume yet may have a complete paresis of hand 
muscles (Churchill Davidson and Wise, 1964). In 
view of this more sensitive tests for assessing 
reversal of the neuromuscular blocking effect of 
muscle relaxants are advocated. Use of peripheral 
nerve stimulator is now universally accepted as a 
good method for this purpose.[13] There are other 
methods which have been claimed to be quite 
sensitive for the purpose. The use of Maddox wing 
which measures the degree of divergence of eyeballs 
has been advocated by Hannigton Kiff (1970) for 
accurate assessment of the reversal of 
neuromuscular block produced by commonly used 
muscle relaxants.[14] 

In the present work we have used the Maddox wing 
to study (a) the incidence of residual muscle 
paralysis following clinically successful reversal of 
the effect of muscle relaxant with neostigmine (b) to 
study whether incidence of such residual muscle 
paralysis varied with different muscle relaxants in 
common use (c) to study the dose of neostigmine 
required for adequate reversal of neuromuscular 
blocking effect of various muscle relaxants, as 
assessed by the use of Maddox wing.  

Our study has shown that there is a very high 
incidence of residual muscle paralysis in patients 
who have clinically been assessed to have had a 
"successful" reversal of the neuromuscular block. 
As many as 44 (73.3%) patients out of a total of 60 
showed such residual muscle paralysis when the 
"Maddox wing test" was applied to them after an 
apparently successful reversal of neuromuscular 
block as assessed clinically. All these 44 patients 
were having adequate breathing and were able to 
follow instructions. These patients being confined to 
bed, perhaps may have come to no harm. All the 
same, these results do suggest the potential hazard of 
relying on the assessment of the reversal of 
neuromuscular block based purely on the clinical 
observations. There is a probability of the residual 
block being of sufficiently high degree to become 
dangerous in the post-operative period. A number of 
such cases have been reported where residual 
paralysis, wrongly termed as recurarization, had led 
to respiratory insufficiency in the post-operative. 
[15]  

When calculated on the weight bases the mean doses 
of neostigmine required by the patients who had 
received gallamine, pancuronium and tubocurarine 
were 0.067 mg/kg, 0.064 mg/kg and 0.049 mg/kg 
respectively. The statistical studies of our result 
revealed that the dose of neostigmine per kg. of body 
weight required for reversal of the neuromuscular 
block by gallamine was significantly g higher than 
the dose required in the case of tubocurarine (t = 3.43 
P 0.001). Similarly, the dose of neostigmine required 
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for reversing the block of pancuronium was 
significantly higher than that required for reversing 
block of tubocurarine (t=2.77 P < 0.01). The 
difference in the doses of neostigmine required for 
reversing the block by pancuronium and that by 
gallamine Was statistically not significant (t=1.72 P 
0.1).[16] These findings certainly showed that the 
neuromuscular block produced by tubocurarine is 
more easily reversible with neostigmine than the 
block produced by gallamine or pancuronium. 
Although cause of this difference in the ease of 
reversibility has not been explained so far, similar 
observations have been made by other workers . 
Whatever might be the underlying mechanism of the 
above difference, with our present knowledge, it can 
be said that tubocurarine, in this respect, has an edge 
over other muscle relaxants being used at present in 
clinical practice.[17] 

Summary: 

Sixty patients underwent anesthesia using a 2:1 
nitrous oxide-oxygen mixture. Each received one of 
three common neuromuscular blocking drugs: 
gallamine, pancuronium, or d-tubocurarine. 
Following surgery, neostigmine was used to reverse 
the effects of the muscle relaxants. Once a clinically 
successful reversal was achieved, the Maddox wing 
test was conducted. This aimed to assess three 
aspects: the presence of residual muscle paralysis, 
the potential variation in residual paralysis among 
different muscle relaxants, and the necessary dose of 
neostigmine to adequately reverse the 
neuromuscular blocking effects of the different 
relaxants 

The results indicate: 

1. Despite clinically effective reversal of 
neuromuscular block, there's a considerable 
incidence of residual muscle paralysis, though 
patients confined to bed post-surgery may not 
face immediate harm. 

2. D-tubocurarine results in significantly lower 
and less severe residual paralysis compared to 
gallamine and pancuronium. 

3. The neostigmine dosage necessary for adequate 
tubocurarine block reversal is notably less than 
that required for gallamine or pancuronium 
blocks. 
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