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Neostigmine is associated with direct postsynaptic cholinomimetic effects that may be 
severe enough to warrant treatment with an anticholinergic agent such as atropine or 
glycopyrrolate. Historically, most of the adverse events that are observed with this 
drug are a result of unopposed cholinomimetic effects. 
 
Clinical Background 
 
Clinically, neostigmine has been used for the treatment or prevention of post-
operative non-obstructive abdominal distention, i.e., adynamic ileus, the symptomatic 
treatment of myasthenia gravis, and the reversal of nondepolarizing neuromuscular 
blockers agents (NMBs). 
 
In general, the goal in reversing an NMB is to expedite and assure the return of 
neuromuscular function to the extent that a patient is capable of maintaining a patent 
airway and an adequate level of ventilation so that mechanical ventilation can be 
discontinued and the trachea extubated. In the clinical practice of anesthesia, a 
number of assessments are typically made to evaluate a patient’s ability to carry out 
both of these functions. These assessments include: 
 

 Mechanical responses of muscles to electrical stimulation of the motor nerves 
supplying them, 

 Grip strength, which requires a level of consciousness that permits the patient 
to follow commands, 

 Sustained head lift, for 5 or more seconds, which requires a level of 
consciousness that either allows the patient to follow commands or is 
associated with a return of the gag reflex, 

 Spontaneous ventilation parameters, such as 
o Negative inspiratory force > -20 cm H2O 
o Tidal volume > 5 mL/kg 
o Vital capacity > 10 mL/kg 
o Respiratory rate < 30 breaths/min 
o Appropriate oxygen saturation and end-tidal CO2 levels 

 
 The clinical benefit of neostigmine lies in its ability to substantially reduce the 

recovery time from NMBs. 
 

3. CMC/Device 

 Review Strategy 
The CMC primary review was performed by Dr. Arthur Shaw, PhD and signed off 
without comment by Dr. Prasad Peri, PhD.  

 General product quality considerations 
Three issues were identified and found to be acceptably resolved by Dr. Shaw. 
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 General nonclinical pharmacology/toxicology 
considerations (including pharmacologic 
properties of the product, both therapeutic and 
otherwise) 

Neostigmine methylsulfate is a cholinesterase inhibitor.  The P/T review noted that 
toxicity of neostigmine in animals, as reported in the literature, is consistent with 
excessive nicotinic and muscarinic receptor activation.  The toxic effects include 
skeletal muscle weakness and fasciculations, pupillary constriction, increased 
lacrimation, salivation and airway secretions, rise in colonic pressure, colonic spasms, 
defecation, flatulence, diarrhea, and, at higher doses, convulsions, dyspnea, 
bradycardia, and death.  Death is usually caused by respiratory failure due to 
constriction of the bronchiolar musculature and excess bronchiolar secretions.  The 
main toxicities are observed shortly after dosing (e.g., 2-4 minutes after a single 
subcutaneous dose of 0.1 mg in rats) and decrease in intensity as neostigmine is 
cleared from the circulation. Toxicities after repeated doses were similar to the acute 
toxicities but tolerance develops after a few doses. 

 Carcinogenicity  
Carcinogenicity studies are not required for the proposed acute use.  There are no 
adequate carcinogenicity data in the published literature.  
 
For assessment of genotoxicity, only an Ames Assay (In Vitro Reverse Mutation 
Assay in Bacterial Cells) was submitted with the NDA. No dose-related cytotoxicity 
was observed with any of the strains tested in the presence or absence of S9.  There 
were no increases in the mean number of revertants/plate observed with any of the 
tester strains in the presence or absence of S9 mix.   
 
No adequate in vitro mammalian genotoxicity assays or in vivo clastogenicity assays 
were identified.  As noted in the preIND/preNDA meetings, the P/T team recommends 
that these studies be required to be completed as post-marketing requirements if 
there were no data to inform the labeling at the time of NDA submission.    

 Reproductive toxicology 
There are no adequate reproductive and developmental toxicology studies reported in 
literature.  As noted in the preIND/preNDA meetings, as there were are no adequate 
data to inform labeling, the P/T team recommended that relevant studies be required 
as post-marketing requirements.    

 Other notable issues (resolved or outstanding) 
 
Phenol Content 
In terms of excipient safety qualification, the total daily dose of the preservative 
phenol via this drug product formulation exceeds that of currently FDA-approved drug 
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products that are administered as a single bolus injection; however, the P/T team 
recognizes that previous clinical experience exists with the marketed unapproved 
drug products that may justify the safety in the phenol exposure via this product.  The 
current product contains 4.5 mg/mL phenol as a preservative, with the same 
concentration employed in both the 0.5 mg/mL and 1.0 mg/mL strengths of 
neostigmine.  Based on the maximal clinical dose of 5 mg neostigmine, the total dose 
of phenol is expected to be 45 mg if the 0.5 mg/mL neostigmine is used or 22.5 mg if 
the 1.0 mg/mL neostigmine drug product is employed.  The Agency’s risk assessment 
must be based on the potential that up to 45 mg of phenol could be administered via 
this product as labeled.  Currently, numerous FDA-approved IV drug products contain 
up to 5 mg/mL phenol, therefore, the concentration of phenol in this drug product is 
less than other FDA-approved intravenous drug products and the total daily dose of 
intravenous phenol is also less than other FDA-approved intravenous drug products.  
From these perspectives, phenol is not novel.  However, in all other identified FDA-
approved drug products, the total dosage of the drugs is administered several times a 
day rather than as a single bolus injection.  Therefore, the use of phenol in this drug 
product is novel in the sense that it likely results in a higher Cmax than any other 
identified FDA-approved drug product to date based on current labeling.   

 
The Sponsor did find historical data to indicate that the drug Anzemet (dolasetron 
mesylate), which contains phenol, was originally labeled for dosing up to 100 mg (20 
mg/mL solutions) for the treatment of prevention of chemotherapy-induced nausea of 
vomiting, as outlined in the table below and reproduced from the submission: 

 
Table 2: Comparison of Phenol Exposures from Neostigmine and Anzemet 
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The Applicant acknowledges that the indication and dosing regimen cited in the 
table above are not longer in the approved product labeling.  This indication was 
removed in 2010 based on concerns that the drug product resulted in QTc 
prolongation.  As discussed with the Applicant at the time of the preNDA meeting, 
the challenge faced by the Agency is that the removal of this indication was based 
on data obtained after administration of the drug product, and the adverse effect of 
QTc prolongation may have been due to the drug substance dolastetron or the 
formulation which contained phenol.  That being said, there are data in the 
published literature that suggests that dolasetron and other 5HT3 antagonist drugs 
can interact with cardiac ion channels (Kuryshev et al., 2000).  However, we 
cannot definitively rule out the possibility that the phenol in this formulation 
contributed to the AEs.   
 
In response to the Division's concern, Éclat provided the following rationale for the 
safety of phenol in this formulation: 
 

o The vasculature exposure to phenol is expected to be less than 0.1% 
(1:4 dilution from the concentration of 4.5 mg/mL) due to the blood flow 
through the cephalic and basilic veins in the upper arms (40-95 mL/min) 
and the 10 mL of maximal dosing volume of neostigmine.  With mixing in 
the blood beyond the injection site, the effective concentration of phenol 
in the blood would be further diluted. 

 
o Studies of the effects of phenol on the nervous system indicate that 

injection of 5% phenol or greater directly onto neuronal tissue is required 
to produce neurolytic effect (Wood, 1978).  Degenerative effects on 
downstream organs are not expected at a concentration of 0.1% phenol 
should blood flow deliver this concentration to a tissue.   

 
o Phenol at a concentration of 0.1% is only marginally hemolytic (<2% of 

blood cells were lysed by 1 hour of incubation) in vitro (Bukowska and 
Kowalska, 2004).  

 
The above information, although generally supportive of the safety for the local 
tissue effects of phenol, do not provide definitive safety justification.  There are no 
adequate intravenous toxicology studies for either phenol or this specific 
neostigmine drug product formulation that can define a NOAEL for phenol; 
therefore, there are technically inadequate nonclinical data to justify the safety of 
the proposed bolus dose of phenol.   
 
However, the Division recognizes that this formulation has been marketed by other 
companies in the U.S. and overseas for over 20 years, and considerable human 
experience appears to exist which may be deemed adequate upon review to justify 
the safety of the phenol in this drug product formulation.  Assuming adequate 
clinical experience exists to justify the safety of the phenol in this product, The P/T 
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2. If you conducted an in vivo assay to address Item 1 above, conduct a second 
in vivo assay for chromosomal damage for neostigmine methylsulfate; 
otherwise conduct an in vivo assay for chromosomal damage for neostigmine 
methylsulfate.  NOTE: To address PMRs 1-2, you may refer to the options 
outlined in ICH S2(R1) titled “Genotoxicity Testing and Data Interpretation for 
Pharmaceuticals Intended for Human Use” and propose an adequate battery of 
genetic toxicology studies. 

 
3. Conduct a fertility and early embryonic development toxicology study in the rat 

model for neostigmine methylsulfate. 
 
4. Conduct an embryo-fetal developmental toxicology study using the rat model 

for neostigmine methylsulfate. 
 
5. Conduct an embryo-fetal developmental toxicology study using the rabbit 

model for neostigmine methylsulfate. 
 
6. Conduct a peri- and post-natal developmental toxicology study in the rat model 

for neostigmine methylsulfate. 
 

8. Clinical Pharmacology/Biopharmaceutics  

 Review Strategy 
Dr. Suresh Babu Naraharisetti, PhD conducted the primary Clinical Pharmacology 
(CP) review and the Team Leader, Dr. Yun Xu, PhD signed off without comment. The 
CP review was substantially based on The Sponsor’s review of 8 papers summarized 
in Table 3 below. Dr. Naraharisetti determined that the literature which formed the 
basis of the CP review did not have adequate analytical information (e.g., QCs, 
recovery, stability, validations, etc.); however, the information was consistent through 
out the publication regardless which analytical methods used. 
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Table 3 Published Studies used in the Clinical Pharmacology Review 

 
 
 
 

 ADME 
ADME parameters were obtained from the studies in Table 4 below.  
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Table 4 ADME Parameters from the Published Literature 

 
 
Neostigmine’s half life ranged from 24 to 113 minutes after a single intravenous 
administration. 
 
Nonclinical information suggested that neostigmine is eliminated in the urine and 
feces unchanged and undergoes hepatic metabolism in the liver microsomes.  

 Drug-Drug Interactions 
Dr. Naraharisetti noted that the pharmacokinetic interactions between neostigmine 
and other drugs have not been studied. Neostigmine is metabolized by microsomal 
enzymes in the liver. 3-Hydroxyphenytrimethyl ammonium (PTMA) is the primary 
metabolite, which then becomes a glucuronide conjugated PTMA. 

 Demographic Based Interactions 
Pediatrics 
Dr. Naraharisetti noted from the paper by Fisher et al. (See Table 4) that the 
distribution half-lives and distribution volumes were similar for infants, children, and 
adults. He therefore recommends, in addition to relating specific PK details in Section 
12 of the labeling (Clinical Pharmacology), that pediatric patients respond similar to 
adults be noted  in Section 8 (Use in Special Populations).  
 
Hepatic 

Reference ID: 3307198



Neostigmine methylsulfate injection        May 10, 2013 
Eclat N204078 

Cross Discipline Team Leader Review  Page 13 of 47 

Dr. Naraharisetti notes that neostigmine methylsulfate is metabolized by microsomal 
enzymes in the liver but has not been studied in patients with liver failure. He plans to 
place a cautionary statement in the labeling. 
 
Renal 
Dr. Naraharisetti notes that the clearance in patients with impaired renal function is 
lower compared to patients with normal renal function. He plans to place a cautionary 
statement in the labeling to use with caution in patients with impaired renal function. 
 
Elderly 
Elderly patients may have decreased renal function which could lead to decreased 
neostigmine clearance. Dr. Naraharisetti plans to place a cautionary statement in the 
labeling neostigmine that NM should be used with caution in elderly patients. The 
issue of dosing neostigmine methylsulfate in the Elderly is discussed in Dr. Simone’s 
Clinical Review. 

 Biopharmaceutics 
 
Dr Elsbeth Chikhale, PhD, the primary ONDQA Biopharmaceutics reviewer, noted 
that the acceptability of the human PK data from the literature was to be determined 
by the Clinical Pharmacology Reviewer from OCP and so the ONDQA 
Biopharmaceutics review team evaluation of this NDA was not needed. 

 Thorough QT Assessment 
No information was submitted to characterize neostigmine’s effect on QT.  There did 
not seem to be a signal from the postmarketing surveillance investigation or from the 
literature reviewed by Dr. Simone or Martin Pollock (see Section VIII). Inasmuch as 
the Clinical Pharmacology group did not believe this to be a deficiency requiring 
further study before or after approval, I concur with this position considering the long 
clinical use without a known, related safety signal. 

 Other notable Issues 
Dr. Naraharisetti noted that the information submitted in the NDA is acceptable for 
approval, pending agreement on the labeling language. 

9. Clinical Microbiology  
There is no need for data pertaining to clinical microbiology for this application. 

10. Clinical/Statistical- Efficacy 

 Review Strategy 
Dr. Arthur Simone, MD PhD reviewed the efficacy and safety of this submission. I 
signed off on the primary review without comment and provided additional 

Reference ID: 3307198



Neostigmine methylsulfate injection        May 10, 2013 
Eclat N204078 

Cross Discipline Team Leader Review  Page 14 of 47 

commentary through this part of the CDTL memo. This review was substantially 
abstracted from Dr. Simone’s review except where noted. 
 
According to Dr. Simone, the approach taken by the Applicant was consistent with the 
advice provided by the Division during presubmission meetings. Randomized, 
prospective studies that met the following criteria were identified as the adequate and 
well-controlled studies to support the NDA: 

1. Employed a control group (spontaneous recovery or placebo),  
2. Statistically analyzed the effects of neostigmine versus the control group  
3. Used an endpoint of time to a TOF ratio of 0.7 to 0.9 as determined by 

objective monitoring (i.e., acceleromyography, electromyography, or 
mechanomyography) 

 
The Applicant identified five prospective, randomized, appropriately controlled trials in 
the literature that support a finding of efficacy for the ability of neostigmine to reverse 
the paralysis induced by nondepolarizing neuromuscular blockers (NMBs) in adult 
patients undergoing surgical procedures.  These trials had a common primary 
endpoint, a return of the train-of-four twitch ratio to 90% (TOF0.9). They evaluated a 
range of neostigmine doses (10 mcg/kg - 70 mcg/kg), its ability to reverse several 
different NMBs (rocuronium, vecuronium, atracurium, cisatracurium, and mivacurium), 
and its efficacy when administered at varying points of spontaneous recovery. A 
number of supportive studies were also identified; these generally had primary 
efficacy endpoints of TOF<0.9. 

 Demographics 
The Applicant provided summaries of demographic information in their review of 
individual trials but did not integrate these data as the efficacy and demographic 
information for individual subjects or groups of subjects were not available with the 
exception of age.  Based on neostigmine’s mechanism of action and its widespread 
use on patients of both genders and various racial backgrounds, Dr. Simone asserted 
that there is no evidence to suggest that its efficacy would be affected by either of 
these demographics. 

 Disposition 
The Applicant did not perform an analysis of efficacy based on subject disposition. Dr. 
Dr. Simone felt that since the studies reported in the literature generally involved 
single-dose administration of neostigmine to the enrolled subjects; therefore, nearly all 
subjects completed the study and it is not likely that subject disposition had a clinically 
relevant impact on the evaluation of efficacy or safety. 

 Primary Efficacy Analysis 
Based on the findings in the principle published trials (See Table 13 in Appendices  
as copied from Dr. Simone’s review, and his summary in Table 5 ), the Applicant drew 
several conclusions regarding dosing: 
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Table 5 Dr Simone’s Summary of the Principle Studies Supporting Efficacy of 
Neostigmine Methylsulfate in Adults 

 
 
 The Applicant favors a lower dose recommendation of  and an upper 

limit of 70 μg/kg, which they note is consistent with those reported in standard 
anesthesia texts.   

 They believe that reversal time may be longer when neostigmine is administered 
at the time of deep residual block, and suggest that additional neostigmine dosing 
can be considered; however, there are insufficient quantitative data to recommend 
any adjustment to standard, initial dosing with neostigmine based on depth of 
block.  

 The Applicant’s evaluation of data in pediatric, non-elderly adults, and elderly adult 
populations suggested that spontaneous and neostigmine-assisted recovery is 
more rapid in children than adults, and slightly slower in elderly adults, but the data 
do not support any change to standard dosing recommendations for either of 
these subpopulations. 

 
Dr Simone felt that the findings were consistent across studies and robust.  However, 
using the data generated by these studies to develop precise dosing guidelines (i.e., a 
single dose vs. a dose range) is limited by a number of confounding factors: 
 

1. The timing of neostigmine administration, based on factors such as the time 
after last dose of the NMB or the level of spontaneous recovery, varied 
substantially across studies. 

2. The dose of neostigmine needed to reverse the blockade depended on the 
extent of recovery that had occurred at the time neostigmine was to be 
administered. 
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3. The extent of neuromuscular blockade was influenced by other medications 
commonly used in the perioperative period, most notably, volatile anesthetic 
agents and certain antibiotics. 

4. The twitch monitoring devices used to assess neuromuscular function in the 
research setting are much more sensitive and reliable than the devices used in 
clinical practice.  This can impact timing of neostigmine administration, and 
therefore, the dose required, as well as the ability to determine the extent to 
which neuromuscular blockade has been reversed. 

5. None of the studies correlated twitch monitoring findings to clinically 
meaningful outcomes related to reversing NMB activity, e.g., ability to 
discontinue artificial ventilation and extubate the patient, or ability of the patient 
to maintain a patent airway and ventilate adequately. 

6. The studies selected by the Applicant serve the purpose of supporting the 
claimed effect but with some limitations, most notably that there is no one dose 
that has been identified as optimal for administration at any specific time point 
during spontaneous recovery.  The data suggest that a range of doses will 
work for any particular level of spontaneous recovery, but lower doses will not 
hasten recovery as much as higher doses. 

 
Furthermore, the ability to hasten recovery from neuromuscular blockade has not 
been demonstrated to have a clinical benefit. 
 
Based on the data and recommendations presented by the applicant, Dr Simone 
made the following recommendations for the use of neostigmine to reverse paralysis 
induced by nondepolarizing NMBs to be incorporated in the labeling: 
 

1. A peripheral nerve stimulator should be used throughout the surgical procedure 
to monitor the patient’s twitch response following NMB administration in order 
to: 

a. assess the need for additional doses of the NMB 
b. determine if sufficient spontaneous recovery from the NMB has occurred 

to assure the block is reversible 
c. estimate the dose of neostigmine required to reverse the block 
d. monitor the reversal of the block after neostigmine administration 
e. evaluate the need for additional doses of neostigmine 

 
2. Using train-of-four (TOF) stimuli, preferably applied to the ulnar nerve at the 

level of the wrist, neostigmine should only be administered if there is a 
detectable twitch response to the first impulse of the TOF, i.e., if the first twitch, 
T1, is present. 

 
3. The dose of neostigmine should be determined based on the responses to the 

TOF stimuli with lower doses administered if more twitches are present and 
higher doses administered if only T1 is detected. 

 
4. The recommended dose range is 30 mcg/kg to 70 mcg/kg.   
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a. Although there is evidence that weight-based dosing < 30 mcg/kg is 
efficacious, the amount of data is limited to support such a 
recommendation.   

b. The recommendation of 70 mcg/kg as the upper limit of dosing is based 
on the lack of data to support higher weight-based dosing and some 
evidence in the literature that excessive doses of neostigmine, based on 
the level of neuromuscular blockade at the time of its administration and 
possibly the NMB being reversed, may result in prolonged blockade or 
paradoxical weakness.   

 
5. Recovery times vary depending on the degree of neuromuscular blockade at 

the time neostigmine is administered, the dose of neostigmine administered, 
and other factors, e.g., the types of anesthetic agents in use at the time of 
reversal, the patient’s body temperature.  Generally, recovery to the point 
where the ratio of the contractile strength of the fourth twitch to the first twitch, 
T4/T1, is 90% (TOF0.9) occurs over a period of about 10 minutes. 

 
6. Adequacy of the reversal of the neuromuscular block needs to be based on a 

clinical assessment of the patient and not TOF responses alone. 
 

7. Patients should be monitored for clinical signs of residual blockade (e.g., 
difficulty maintaining a patent airway, generalized weakness, inadequate 
ventilatory effort) following cessation of the anesthetic and extubation.  The 
duration of monitoring should take into account the duration of action of the 
NMB used and of neostigmine, which is estimated to be 20–30 minutes. 

 Secondary Efficacy Analyses 
 
The Applicant provided no analysis of secondary endpoints. The Applicant did identify 
a number of other trials reported in the literature that were supportive of the efficacy of 
neostigmine in that they demonstrated an accelerated recovery from neuromuscular 
blockade when neostigmine was administered compared to spontaneous recovery, a 
placebo control, or a dose control.  
 
An analysis of secondary endpoints was not indicated in this application as these 
endpoints were either not included in the trial designs or were not as clinically relevant 
as the primary endpoint, e.g. TOF0.7 or TOF0.8 as secondary endpoints when the 
primary endpoint was TOF0.9. 

 Subpopulations 
Pediatric Patients 
 
The Applicant identified five trials reported in the literature that they considered being 
adequate and well controlled.  
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Table 63 Principle Studies Supporting Efficacy of Neostigmine Methylsulfate in 
Pediatric Patients 

 
 
In each study, neostigmine significantly hastened the recovery from the NMB 
compared to spontaneous recovery. From the data in these studies, the Applicant 
concluded that: 
1. A neostigmine dose of 70 μg/kg effectively reduces recovery time to TOF0.9 from 
rocuronium- or vecuronium-induced NMB when administered at all levels of residual 
blockade; and 
2. Neostigmine doses as low as 5 μg/kg may be effective in reducing recovery time to 
TOF0.7 or higher from deep and moderate residual blockade. Recovery of 
neuromuscular activity occurs more rapidly with smaller doses of anticholinesterases 
in infants and children than in adults. Residual weakness in the recovery room is 
found less frequently in children than in adults. However, infants and small children 
may be at greater risk of complications from incomplete reversal of neuromuscular 
blockade due to decreased respiratory reserve there is so much variability in the trial 
designs that is not possible to recommend a single weight-based neostigmine dose 
that will be effective in all or most clinical settings.  
 
Dr. Simone felt that adequate evidence supporting the efficacy and informing the 
dosing requirements for pediatric patients >1 year old had been presented. He noted 
that although relatively few neonates and infants have been evaluated for efficacy, the 
available data strongly suggest: 

                                                 
3 Numbers in parentheses, e.g., (#), represent references from the review being described. 
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1. Their recovery from NMBs is faster than their older pediatric counterparts and 
adults; 
2. Their neostigmine dosing requirements are probably less than the other patient 
groups; 
3. They tolerate a 70 mcg/kg dose of neostigmine as well as the other patient groups. 
 
Therefore, there does not appear to be a need for further study of any segment of the 
pediatric patient population 
 
Geriatric Patients 
 
Dr Simone noted that several studies in the submission have shown that the duration 
of action of neostigmine is prolonged in the elderly. However, elderly subjects also 
experience slower spontaneous recovery from neuromuscular blocking agents. No 
adjustments to the dosing in the elderly appear to be warranted; however, elderly 
patients should be monitored closely.  

 

11. Safety 

 Adequacy of the database, major findings/signals, 
special studies  

 
The literature provided by the Applicant that assessed the safety of neostigmine 
included: 
 5 prospective, controlled trials offering quantitative presentation of adverse events 

(200 patients treated with neostigmine), 
 10 additional studies offering qualitative safety information (624 patients treated 

with neostigmine; 5 studies (348 patients) also discussed in efficacy section), 
 Safety information on neostigmine from controlled trials presented during FDA 

Advisory Committee meeting for sugammadex (167 patients treated with 
neostigmine; it is unclear if this population overlaps with published studies on 
sugammadex), 

 2 meta-analyses and a systematic review on gastrointestinal adverse events (a 
total of 2,570 patients treated with neostigmine or allowed to spontaneously 
recover), 

 1 randomized, controlled trial on the effects of neostigmine on heart rate (41 
patients treated with neostigmine), 

 27 case reports (35 patients treated with neostigmine), 
 3 studies offering additional pediatric safety information (61 patients treated with 

neostigmine). 
 
The Applicant submitted a 120-day safety update on November 30, 2012.  In the 
update, they identified five articles, out of approximately 60 published since January 
2011, that they considered relevant for the reporting of adverse events associated 
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with the use of neostigmine.  These publications included three prospective clinical 
studies and two case reports. 
 
In total, the studies identified by the Applicant for the evaluation of safety (see Tables 
9 and 10 of Dr. Simone’s review) reflect exposure to neostigmine in up to 3,637 adult 
and 61 pediatric patients.  They were not able to determine whether any patients were 
included in more than one study, particularly, in the reports of meta-analyses and 
reports of the safety findings relative to sugammadex at the FDA advisory committee 
meeting.  
 
The Applicant noted the following regarding the safety data reported in the literature: 

1. The patients were not highly selected.  
2. Most patients were undergoing elective surgery.  
3. The majority of the patients in clinical trials were adults (age range 18-74); 

however, children aged 2-14 years old were also studied. 
4. The age range for safety data derived from case reports was 13 months to 82 

years. 
5. Both genders were equally represented. 
6. The majority of the patients were ASA 1-3.  
7. Many papers did not identify the racial or ethnic groups of the patients; those 

that did list racial groups indicated that the subjects were predominantly 
Caucasian. 

 
Dr Simone noted that although the safety database does not contain the amount of 
demographic information generally captured with clinical trials for which the full study 
reports are provided to the Agency, there is adequate information available to 
characterize the overall risks of neostigmine associated with the proposed indication 
and the populations in whom the product will be used. 
 

 General discussion of deaths, SAEs, 
discontinuations due to AEs, general AEs, and 
results of laboratory tests.  

i. Deaths  
 
The Applicant found no reports of deaths attributable to neostigmine in the studies in 
which neostigmine was given intravenously to reverse neuromuscular blockade.  They 
did find a report by Briggs et al. (Reference 78 from Dr. Simone's review) on the death 
of a girl who was diagnosed with megacolon at 6 months of age and treated with 3.75 
mg to 7.5 mg of neostigmine daily.  The dose was increased to 15 mg daily at 7 years 
age.  At age 9 years old, she presented with constipation and required disimpaction.  
One hour later, she was unable to move her legs and experienced shortness of breath 
that progressed to apnea and death.  Neostigmine overdose was suspected and was 
confirmed via determination of serum cholinesterase levels. 
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A review of the literature, conducted by Dr. Simone, revealed three reports of acute 
cardiac arrest leading to death in anesthetized patients following intravenous 
administration of neostigmine.  The etiologies of these deaths were attributed to the 
rapid administration of neostigmine or inappropriate timing of administration of 
atropine leading to bradycardia and cardiac arrest. These events emphasize the need 
for careful monitoring and the timely use of an anticholinergic agent – both of which 
have been incorporated into the proposed product labeling. 
 

ii. SAES 
 
The Applicant did not report on nonfatal serious adverse events.  In the review of the 
literature, potentially life-threatening adverse events were reported; however, the 
articles generally did not specify whether these events met the regulatory criteria for 
being serious adverse events.  These events included anaphylaxis and cardiac 
arrhythmias.  The arrhythmias were consistent with the known effects of neostigmine 
at the muscarinic receptors.   
 

iii. Discontinuations due to AEs 
 
The Applicant did not report on or conduct an analysis of the dropouts and 
discontinuations in the reported studies.  This is expected given the acute use of 
neostigmine in the surgical setting and the short duration of follow-up, which was 
generally limited to the time in the operating room and post-anesthesia care unit 
following surgery. 

iv. General (Common) AEs 
 
Dr Simone described three sources of information for the labeling of common AEs 
that were provided by the Applicant. These were 1) publically available information 
regarding clinical trials for the Sugammadex clinical program that included 
neostigmine as a comparator, 2) published literature included in the NDA submission, 
and 3) an update to the published literature submitted in the 120 day Safety Update. 
All together, these sources contributed to the Applicants final proposal for labeling of 
common AEs. 
 
The most common adverse events associated with neostigmine were cardiovascular 
effects, which appeared to be effectively prevented with the co-administration of 
atropine and glycopyrrolate. While not reported in the literature, it would be 
reasonable to anticipate that the cardiac effects of neostigmine are dose dependent 
unless the dose of the anticholinergic agent used in conjunction with it is similarly 
increased.  The cardiac effects appeared within the time required for neostigmine to 
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circulate to the heart; nausea and vomiting tended to occur following extubation while 
the patients were in the post-anesthesia care units.  
 
Post-operative nausea and vomiting were also commonly reported; however, as the 
Applicant notes, controlled clinical studies and meta-analyses have produced mixed 
conclusions about whether neostigmine is associated with an increased risk of these 
gastrointestinal side effects.  Other adverse events that have been reported, for the 
controlled studies above, in ≥ 5% of patients included: procedural pain, incision site 
complication, procedural hypertension, dizziness, headache, constipation, dry mouth, 
pain, insomnia, pharyngolaryngeal pain, postoperative shivering, and procedural 
complication. 
 
In addition, it appears from the literature that doses of neostigmine substantially 
higher than required based on the extent of spontaneous recovery, may lead to 
muscle weakness. 
 
The three sources for the Applicant’s proposed labeling of Common Adverse Events 
and Dr. Simone’s review is presented in the following passages. 
 
Adverse Events Associated with Neostigmine from the Sugammadex 
Development Program 
The Applicant relied upon information contained in studies involving the use of 
neostigmine with sugammadex, a reversal agent for nondepolarizing neuromuscular 
blocking agents.  These studies were discussed publicly at an FDA Advisory 
Committee (AC) meeting in 2008, and the Applicant drew their information from the 
briefing package for that meeting.  In that document, two Phase 3, active-comparator 
trials in neuromuscular blockade reversal were described including the adverse event 
information for neostigmine (dosed at 50-70 mcg/kg) administered to 167 treated 
patients (Table 7). Altogether, 149 subjects (89%) of those patients experienced 
adverse events associated with use of neostigmine. 
 
Table 7 Common Adverse Events (frequency ≥ 2%) Associated with 
Neostigmine from the  Sugammadex Development Program 

SOC Preferred Term 
No. Adverse
Events (%) 

Total 113 (67.7) 
Procedural pain 85 (50.9) 
Incision site pain 14 (8.4) 
Procedural nausea 13 (7.8) 
Procedural hypertension 9 (5.4) 
Procedural complication 14 (8.4) 
Procedural hypotension 11 (6.6) 
Procedural vomiting 5 (3.0) 
Airway complication of 
anesthesia 

4 (2.4) 

Injury, poisoning and 
procedural complications 

Post procedural complication 4 (2.4) 
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SOC Preferred Term 
No. Adverse
Events (%) 

Neuromuscular block prolonged 4 (2.4) 
Total 89 (53.3) 
Nausea 61 (36.5) 
Vomiting 22 (13.2) 
Flatulence 4 (2.4) 
Constipation 11 (6.6) 
Retching 8 (4.8) 
Abdominal pain 6 (3.6) 
Dry mouth 14 (8.4) 
Oral pain 6 (3.6) 

 
Gastrointestinal disorders 
 
Gastrointestinal disorders 

Dyspepsia 5 (3.0) 
Total 35 (21.0) 
Pain 14 (8.4) 
Chills 7 (4.2) 

General disorders and 
administration site conditions 

Pyrexia 8 (4.8) 
Total 34 (20.4) 
Headache 13 (7.8) Nervous system disorders 
Dizziness 11 (6.6) 
Total 18 (10.8) 

Investigations Blood creatine phosphokinase 
increased 

3 (1.8) 

Total 27 (16.2) 
Insomnia 9 (5.4) 
Anxiety 8 (4.8) 

Psychiatric disorders 

Sleep disorder 4 (2.4) 
Total 23 (13.8) Respiratory, thoracic and 

mediastinal disorders Pharyngolaryngeal pain 17 (10.2) 
Total 20 (12.0) 
Back pain 7 (4.2) 
Muscular weakness 5 (3.0) 

Musculoskeletal and 
connective tissue disorders 

Myalgia 6 (3.6) 
Total 13 (7.8) 
Pruritus 6 (3.6) 

Skin and subcutaneous tissue 
disorders 

Erythema 4 (2.4) 
Renal and urinary disorders Total 9 (5.4) 
Blood and lymphatic system 
disorders 

Total 
9 (5.4) 

Metabolism and nutrition 
disorders 

Total 
7 (4.2) 

Infections and infestations Total 7 (4.2) 
Cardiac disorders Total 5 (3.0) 

 
Adverse Events Associated with Neostigmine from the Published Literature 
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A number of publications describing pharmacologic responses to neostigmine for 
reversal of non-polarizing neuromuscular blockade included discussions of safety 
findings.  Five of these included quantitative presentations of the adverse events 
associated with neostigmine that were incorporated into a table in the original 
submission of the NDA, which is copied below (Table 8).  Some of these literature 
publications involve studies comparing neostigmine to sugammadex; it is not clear if 
patients included in Tables 7 are duplicated in Table 8.   
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Table 8 Adverse Events Associated with Neostigmine from the Published Literature 

Schaller et al. 
2010 (28) 

Jones et al. 
2008A (35) 

Lemmens et al. 
2010A (32) 

Khuenl-Brady et al. 
2010B (33) 

Flockton et al. 
2008C (34) 

TOTAL 

Neostigmine 
n=42 

Placebo 
n=9 

Neostigmine 
n=38 

Neostigmine 
n=36 

Neostigmine 
n=45 

Neostigmine 
n=39 

Neostigmine 
n=200 

Adverse Event 

n (%) n (%) n (%) n (%) n (%) n (%) n (%) 
Procedural pain   29 (76.3) 24 (66.7)  16 (41.0) 53 (26.5) 
Nausea   19 (50) 12 (33.3) 2 (4.4) 10 (25.6) 43 (21.5) 
Incision site 
complication 

  8 (21.1) 8 (22.2)   16 (8.0) 

Vomiting   7 (18.4) 4 (11.1)  4 (10.3) 15 (7.5) 
Dizziness   5 (13.2) 4 (11.1)  4 (10.3) 13 (6.5) 
Bradycardia 12 (27) 0 (0)     12 (6.0) 
Headache   4 (10.5) 2 (5.6)  6 (15.4) 12 (6.0) 
Pharyngolaryngeal 
pain 

  4 (10.5) 7 (19.4)   11 (5.5) 

Postoperative 
shivering 

11 (25) 0 (0)     11 (5.5) 

Procedural 
complication 

  6 (15.8)  4 (8.9)  10 (5.0) 

Insomnia   4 (10.5)   5 (12.8) 9 (4.5) 
Postprocedural 
nausea 

  5 (13.2) 2 (5.6)   7 (3.5) 

Pruritus   4 (10.5) 2 (5.6)   6 (3.0) 
Dry mouth     4 (8.9)  4 (2.0) 
Desaturation <90% 3 (7) 0 (0)     3 (1.5) 
Hypotension 3 (7) 4 (44)     3 (1.5) 
Tachycardia/Heart 
rate increase 

2 (5) 0 (0)   1 (2.2)  3 (1.5) 

Neuromuscular 
block prolonged 

    2 (4.4)  2 (1.0) 

Acute lung failure 1 (2) 0 (0)     1 (0.5) 
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Schaller et al. 
2010 (28) 

Jones et al. 
2008A (35) 

Lemmens et al. 
2010A (32) 

Khuenl-Brady et al. 
2010B (33) 

Flockton et al. 
2008C (34) 

TOTAL 

Neostigmine 
n=42 

Placebo 
n=9 

Neostigmine 
n=38 

Neostigmine 
n=36 

Neostigmine 
n=45 

Neostigmine 
n=39 

Neostigmine 
n=200 

Adverse Event 

n (%) n (%) n (%) n (%) n (%) n (%) n (%) 
Anesthetic 
complications 
(cough/movement) 

1 (2) 0 (0)     1 (0.5) 

Beta-N-acetyl-D-
glucosaminidase 
increase 

     1 (2.6) 1 (0.5) 

Erythema     1 (2.2)  1 (0.5) 
Gamma-glutamyl-
transferase increase 

    1 2.2)  1 (0.5) 

Hypertension 1 (2) 0 (0)     1 (0.5) 
Hypokalemia 1 (2) 1 (11)     1 (0.5) 
Hypocalcemia 1 (2) 1 (11)     1 (0.5) 
Procedural 
hypertension 

    1 (2.2)  1 (0.5) 

Sleep disorder     1 (2.2)  1 (0.5) 
Supraventricular 
extrasystoles 

    1 (2.2)  1 (0.5) 

Tremor      1 (2.6) 1 (0.5) 
Ventricular 
extrasystoles 

    1 (2.2)  1 (0.5) 

Hypoglycemia 0 (0) 1 (11)     0 (0) 
Paresthesia nervus 
ulnaris 

0 (0) 1 (11)     0 (0) 

Postoperative 
nausea & vomiting 

0 (0) 2 (22)     0 (0) 
A Adverse events occurring in at least 10% of the patients in either the sugammadex or neostigmine treatment group 
B Adverse events considered by the investigator as possibly, probably or definitely related to study drug 
C Adverse events occurring in at least 10% of patients in either the sugammadex or neostigmine treatment group and/or considered 

drug-related 
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Based on the adverse event information contained in Table 7 and Table 8 above, 
Table 9 below should be used in the label to reflect the quantitative data available 
from published trials.  The Applicant has also included information from the work of 
Geldner et al. (See Reference 92 from Dr. Simone's review) that was included in the 
120-day safety update, that  “C-reactive protein increased.”  The adverse events are 
listed in order of decreasing frequency.  These reactions are largely expected based 
on the pharmacological action of neostigmine and those which may be due in part to 
other products administered during an anesthetic or to the surgical procedure itself, 
e.g., nausea, vomiting shivering, pharyngeal pain, and postoperative pain. 
 
Table 9 Adverse reactions associated with neostigmine methylsulfate occurring 
with a frequency of ≥ 1% as reported for controlled clinical trials 
System Organ Class Adverse Reaction 

bradycardia 
hypotension Cardiovascular 
tachycardia/heart rate increase 
nausea 
vomiting 
postprocedural nausea 

Gastrointestinal 

dry mouth 
procedural pain 
incision site complication 
pharyngolaryngeal pain 
procedural complication 

General and Administration Site 
Reactions 

C-reactive protein increased 
dizziness 
headache 
postoperative shivering 

Nervous System 

prolonged neuromuscular blockade 
Psychiatric insomnia 

dyspnea Respiratory, Thoracic and 
Mediastinal oxygen desaturation <90% 
Skin and Subcutaneous Tissue pruritus 

 
One adverse event that deserves special attention is weakness or “prolonged 
neuromuscular blockade” following neostigmine administration.  It is not possible to 
tell from the reports of the studies whether these events reflected an inadequate dose 
of neostigmine, which appears more likely based on the timing of administration, or 
muscle weakness due solely to the neostigmine, which has been reported when 
larger doses of neostigmine were administered following substantial spontaneous 
recovery. 
 
The Applicant made no assessment of the potential for drug-demographic 
interactions.  The literature did not provide sufficient information for such an 
assessment or analysis to be performed. 
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Dr Simone noted that the Applicant did not conduct an exploration for dose responses 
of adverse events.  Although such an exploration may be possible, he felt that the 
data to do so are limited and confounded by a number of factors, most notably, the 
use of varying doses of anticholinergic agents to mitigate or prevent excessive 
acetylcholine related adverse events and the concurrent use of anesthetic agents 
each with its own adverse event profile.  
 
Dr. Simone and I concur with the Sponsor’s labeling of common adverse events. The 
Applicant was consistent in their classification of the adverse events by SOC and 
preferred terms.  They were also appropriate in their classifications, i.e., there was no 
evidence that the Applicant attempted to understate an adverse event in the selection 
of the preferred terms.   

v. Significant AEs 
As with serious adverse events, the Applicant did not analyze adverse events on the 
basis of their severity.  Based on the review of the literature, specific adverse events 
were rarely graded on severity.  When they were graded, most often the adverse 
events were considered as a whole and described as “mild or moderate.” 
 

vi. Laboratory Tests  
Clinical laboratory testing to evaluate the effects, if any, of neostigmine on serum 
electrolytes and glucose, renal and hepatic function, hematology and coagulation 
parameters, acid-base parameters and urine composition were not reported in the 
literature, despite widespread use of neostigmine for the proposed indication for over 
half a century.  The Applicant noted that three studies involving sugammadex 
reported safety information from analysis of blood or urine samples. There were no 
clinically significant findings in these. 
 
Dr Simone noted that the limited amount of data available regarding the impact of 
neostigmine on parameters assessed by clinical laboratory methods is acceptable 
due to the acute use of the product and its long history of use for the proposed 
indication.  Any effect neostigmine may have on these parameters, he felt is likely to 
be clinically irrelevant as those effects likely to have a substantial impact on patients’ 
health would likely have been discerned and well characterized in the literature, 
similar to the way the hemodynamic effects of neostigmine have already been 
reported. 
 

vii. Other Routine Clinical Tests  
 
The Applicant neither summarized nor analyzed the limited ECG information provided 
in the literature.  However, it is possible to generate a list of ECG-related adverse 
events based on safety findings reported in some of the published clinical studies.  
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The following list was constructed by Dr. Simone and includes the number of the 
references from his review for each adverse event: 
 

1. Bradycardia [Ostheimer (62); Mirakhur (63); Goldhill (67); Nagiub (69); 
Suresh (71); Wetterslev (70); Caldwell (23); Lessard (36); Fuchs-Buder (38)] 

2. A-V dissociation [Nagiub (69)] 
3. Premature ventricular contraction [Ostheimer (62); Nagiub (69)] 
4. First degree heart block [Nagiub (69); Wetterslev (70)] 
5. Ventricular extrasystoles [Wetterslev (70)] 
6. T-wave inversion [Mirakhur (63)] 
7. Cardiac arrest [Clutton-Brock (79); Hill (80); Macintosh (83)] 
8. Sinus arrhythmia [Mirakhur (63)] 
9. Tachycardia [Mirakhur (63)] 

 
Dr. Simone noted that as continuous electrocardiographic monitoring is the standard 
of care in both the operating room and post-anesthesia care unit, and neostigmine-
induced rhythm changes are expected to occur within minutes of drug administration, 
it is likely that the adverse events reported accurately reflect the types of events that 
occur, if not the incidence for each.   

 Information derived from Post Marketing 
Experience 

 
Applicant Reported Findings 
The Applicant conducted a search of the Agency’s Adverse Event Reporting System 
(AERS) database for adverse events associated with the use of neostigmine 
methylsulfate.  Other salt forms of neostigmine were excluded from the search.  The 
query output was further limited to the intravenous route of administration with known 
or possible use of neostigmine for neuromuscular blockade reversal.  Cases were 
included in the analysis if neostigmine was identified as a suspect medication, i.e., 
cases with neostigmine listed as a concomitant medication were excluded.  The date 
range of the query was unrestricted through September 30, 2011, the most recent 
AERS quarterly update available at time of their query execution. 
 
Their query identified 118 cases, 107 of which were categorized as serious, including 
11 fatal outcomes.  A total of 412 adverse events were recorded from all cases, with a 
majority, 397, derived from serious cases.  Fatal cases had a total of 64 associated 
adverse events.  The analysis was confounded in that many cases had medications 
other than neostigmine also identified as suspect; therefore, the Applicant focused 
their analysis on cases in which neostigmine was the sole suspect medication. 
 
The administered doses, when provided, were often within the 1-5 mg range both for 
cases in which neostigmine was the sole suspect medication and in cases where 
other medications were suspect as well.  The Applicant noted that this dose range is 
consistent with the neostigmine doses used in the majority of the supportive clinical 
literature (30-70 mcg/kg in adult patients), and suggests that the AERS data reflect 
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safety findings associated with standard and appropriate use of the drug.  They 
further note that doses of neostigmine administered to the 6 pediatric patients ranged 
between 0.5-1.5 mg, suggesting that overdosage did not contribute to any adverse 
events in this population. 
 
Other than drug ineffectiveness and post procedural complications, cardiac events 
were of the highest frequency. In particular, cardiac arrest (14 events), bradycardia 
(14 events), and tachycardia (10 events) were most frequently reported, although 
relatively few of these reports were from cases in which neostigmine was the sole 
suspect medication. Other events included coma (11 events) and hypotension (10 
events). The majority of reports were from the adult population; 6 cases were from the 
pediatric population, specifically, ages 2-6 years old.  Also of note, were a single case 
of Stevens-Johnson Syndrome (SJS) and 5 cases of toxic epidermal necrolysis 
(TEN).  The cases of coma, SJS and TEN are discussed in further detail in Dr 
Simone’s comments found on pp. 33-4 of this review.  
 
The Sponsor evaluated the cases based on differences in incidence by gender, age, 
and dose (when available) of neostigmine. No causal relationship was suggested in 
any of these evaluations according to the Sponsor. 
 
Based on their AERS analysis, the Applicant concluded there is no evidence to 
suggest any particular unsuspected events of interest not already reported in the 
neostigmine pharmacology literature.  They further reason that given the 8 decades of 
neostigmine use combined with the long history of use of edrophonium and 
pyridostigmine, these anticholinergic agents have likely been administered to millions 
of surgical patients for reversal of neuromuscular blockade, and the adverse events 
identified in the AERS database suggest the drugs generally well-tolerated with only 
occasional adverse clinical outcomes. 
 
Dr. Simone and I concur with the opinion of the Sponsor regarding their postmarketing 
AERS analysis. 
 
Division of Pharmacovigilance II Findings – AERS Database 
The Division of Pharmacovigilance II (DPV-2) conducted an AERS search on January 
25, 2012, that covered the time period from January 1, 1969 to January 25, 2012.  No 
limitations were imposed on the MedDRA search terms so that all events would be 
retrieved.  The search identified 339 reports, 74 of which were determined to be 
duplicates.  Of the remaining 265 cases, 48 were eliminated for various reasons, e.g., 
neostigmine had not been given, the event occurred prior to neostigmine 
administration, illegible report.  Neostigmine was used for reversal of neuromuscular 
blockade in 150 (69%) of the remaining cases, which formed the case series for their 
analysis.  These 150 cases were associated with 268 adverse events, which are listed 
by preferred terms in Table 10 and Table 11 below 
 
Table 10 Adverse event counts for events described in the current unapproved 
label 
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Labeled Adverse Events by Preferred Term Adverse Event Count
SOC (All) 268 
Cardiac SOC (All) 129 

Cardio and/or respiratory arrest 27 
Bradycardia or decreased heart rate 23 
Tachycardia or heart rate increased 19 
Arrhythmias (ventricular, atrial, NOS) 18 
Hypotension or blood pressure decreased 14 
Atrioventricular block 13 
EKG abnormal 10 
Myocardial infarction 2 

Resp SOC (All) 74 
Oxygen saturation decreased/hypoxia 15 
Respiratory arrest, depression, distress or failure 13 
Dyspnoea or apnoea 12 
Bronchospasm or laryngospasm 7 
Respiratory acidosis 4 
Cyanosis 3 
Hypercapnia 3 
Increased bronchial secretion/laryngoedema 3 
Stridor or wheezing 3 
Cough 2 
Hypoventilation 2 
Respiration abnormal 2 

Nervous SOC All 25 
Sedation, somnolence or asthenia 10 
Coma or LOC 7 
Convulsion 3 

GI SOC (All) 9 
Nausea or vomiting 4 
Abdominal pain/pain 2 
Diarrhoea 2 

Skin SOC (All) 9 
Rash/erythema/urticaria 7 

Vascular SOC (All) 7 
Shock/circulatory collapse 5 
Flushing 2 

Immune SOC (All) 5 
Anaphylaxis/hypersensitivity 5 

Musc SOC (All) 5 
Muscle spasms/twitching 4 

Eye SOC (All) 4 
Miosis/visual changes 4 
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Table 11 Adverse event counts for events not described in the current 
unapproved label 

SOC Adverse Events (n ≥ 2) 

Blood (12) 
Lymphocyte abnormalities (2); hemoglobin changes (2); decreased 
protein parameters (2); coagulation abnormalities (2) 

Cardiac (15) Blood pressure increased (11) 

Gastrointestinal (7) GI hemorrhage (2) 

General (61) 
Drug ineffective (36); drug interaction (7); pyrexia (3); malignant 
hyperthermia (3); injection site complication (3); edema (3); multi-organ 
failure (2) 

Hepatobiliary (14) 
Hepatic failure or injury (3); hepatitis (3); bilirubin increased (2); 
cholestasis or cholelithiasis (2); increased LFT (2) 

Infection (3) Sepsis (2) 

Injury and poisoning 
(35) 

Post procedural complication (11); delayed recovery from anesthesia or 
prolonged NM block (9); medication error-related (6); anesthetic 
complication (4) 

Metabolic (7) Metabolic acidosis (3) 

Musculoskeletal (8) Rhabomyolysis-related (3) 

Nervous (23) 
Paralysis or hypotonia (7); unresponsive to stimuli or hypoaesthesia 
(5); serotonin syndrome (2); dyskinesia (2) 

Psychiatric (10) Anxiety related (6) 

Renal (12) Hematuria (3); oliguria (2); renal infarct or thrombosis (2) 

Respiratory (18) 
Pulmonary edema (5); breath sounds abnormal (2); bronchial 
or pulmonary hemorrhage (2) 

Skin (7) Blister or drug eruption (2) 

 
The reviewers from DPV-2 noted numerous confounding factors in the AERS cases 
including concomitant medications, medical history (surgical or procedural 
complications occurring before neostigmine administration), and the lack of sufficient 
clinical information to assess neostigmine association. Therefore, they concluded that 
there was insufficient evidence to warrant inclusion of any of the adverse events in 
Table 11 in the product’s label. 
 
 
Division of Pharmacovigilance II Findings – Literature Search 

Reference ID: 3307198



Neostigmine methylsulfate injection        May 10, 2013 
Eclat N204078 

Cross Discipline Team Leader Review  Page 33 of 47 

 
On March 28, 2012, DPV-2 conducted their literature search using PubMed to identify 
English-language literature using “neostigmine” in the title and the word “adverse” as 
an unrestricted search term.  Those case reports that had not been submitted to the 
NDA or to AERS formed the basis for this portion of their review.  The search resulted 
in 52 reports with dates of publication ranging from 1948 through 2011; Most of the 
reports (n=23) concerned patients who received neostigmine to reverse the effects of 
a nondepolarizing neuromuscular blocking agent after surgery. 
 
Regardless of the indication for use, the adverse events associated with neostigmine 
administration were either labeled events or consistent with labeled events.   
 
There were five deaths that were included in the review, two of which involved the 
proposed indicated use.  The first was reported by Middleton et al. (95) and involved a 
patient who died from cardiovascular shock 23 hours after reversal of apnea with 
neostigmine during surgery for an abdominal gunshot wound.  The authors attributed 
the apnea to neomycin rather then neuromuscular blockade and did not attribute the 
death to neostigmine.  The second death was reported by Buzello et al. (96) and 
involved a 57 year-old woman with dystrophia myotonica who died of 
bronchopneumonia, hypoxemia, hypercapnia, and recurrent bradyarrhythmia 
approximately 3 weeks after neostigmine had been given for reversal of pancuronium 
following a cholecystectomy. 
 
The DPV-2 reviewers concluded that the neostigmine associated adverse events 
reported in the literature, both related to the proposed indication and otherwise, 
primarily involved labeled events and deaths due to various causes that appeared to 
be unrelated to neostigmine.  The review of these adverse events, including the 
deaths, did not reveal any safety concerns not already addressed in the proposed 
label. 
 
Additional Analysis and Commentary from Dr Simone on Post-Marketing 
Reports 
 
Reports of Coma, Stevens-Johnson Syndrome (SJS) and Toxic Epidermal Necrolysis 
(TEN) 
Dr. Simone noted that although the DPV-2 review did not specifically report incidents 
of SJS or TEN, they noted 2 reports of “blister or drug eruption” that could represent 
cases of these life-threatening reactions.  The DPV-2 review also identified multiple 
cases of coma.  The individual reports for the incidents of coma, SJS and TEN were 
obtained by Dr. Simone through DPV-2 and are considered below. 
 
The Applicant cited 11 reports of coma. The Applicant has listed “coma” in the 
adverse events section of their proposed label; however, they note that those adverse 
events are listed in the unapproved neostigmine labels [American Regent, Inc. Label 
(1/09), APP Pharmaceuticals, LLC Label (4/08), General Injectables and Vaccines 
Label (Baxter) (6/05)] and were included for completeness.  They further note the 
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loss of consciousness 
drowsiness 
dysarthria 
miosis 
visual changes 
cardiac arrhythmias (A-V block, nodal rhythm) 
nonspecific EKG changes 
cardiac arrest 
syncope 
hypotension 

Cardiovascular  

increased oral, pharyngeal and bronchial secretions 
respiratory depression 
respiratory arrest 

Respiratory, Thoracic and 
Mediastinal  

bronchospasm 
rash 

Skin and Subcutaneous Tissue  
urticaria 
flatulence 
increased peristalsis 
bowel cramps 
diarrhea 

Gastrointestinal  

urinary frequency 
Renal and Urinary  weakness 

muscle cramps 
spasms 
arthralgia 

Musculoskeletal and Connective 
Tissue  

diaphoresis 
Miscellaneous flushing 

 Immunogenicity 
The Applicant provided no information regarding the immunogenicity of neostigmine. 
According to Dr. Simone, none could be found in the literature search performed for 
this review. There appears to be no evidence suggesting neostigmine is immunogenic 
despite a history of extensive use of spanning more than five decades. 

 Special safety concerns 
Renal and Hepatic Impairment 
Dr Simone noted that the literature did not provide sufficient information on the dosing 
of patients with renal impairment for such an assessment or analysis to be performed 
with the exception of renal failure, for which there are limited data. 
 
One study compared patients with normal renal function to renal transplant patients 
and anephric patients.  Neostigmine pharmacokinetics were not significantly different 
in patients with normal renal function from those having undergone renal 
transplantation; however, anephric patients had a significantly prolonged elimination 
half-life and decreased total serum clearance of neostigmine when compared to 
patients with normal renal function or those with recent renal transplantation 
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He further commented that if neostigmine, which is cleared by the kidneys, was used 
to reverse a renally cleared NMB, there should be no need, in theory, to adjust the 
neostigmine dose or observe the patient for a longer period than when the products 
are administered to a patient with normal renal function. The change in renal function 
would affect both drugs similarly, unless different mechanisms of clearance are 
involved, e.g., diffusion and active transport. As little is known about the mechanisms 
of renal clearance for the various NMBs and neostigmine, he recommended that 
labeling be included that patients be observed for signs of returning neuromuscular 
blockade for a period that would permit full spontaneous recovery from the NMB given 
the patient’s level of renal function. Such a determination could be predicated on the 
NMB dosing intervals observed during the surgical procedure; if available, this 
information could be used to accurately predict duration of action for the NMB in any 
patient. He further stated that if a patient has hepatic impairment and receives an 
NMB cleared in part or completely by the liver, there is the possibility that the effects 
of the NMB may outlast those of the neostigmine and additional doses of neostigmine 
may be required. He also recommended that labeling be included that for these 
patients, extending the period of time for observation following neostigmine 
administration is warranted. The same would apply for NMBs that have active 
metabolites, which would further compound the issue. 
 
Drug-Drug Interactions from the Clinical Literature 
The following drugs or drug classes were identified by the Applicant as having 
deleterious effects: 

1. Succinylcholine: Concurrent use of neostigmine and succinylcholine has been 
reported to produce a prolonged and intense neuromuscular block. (84) 

2. Halogenated anesthetics: Halogenated anesthetics drugs can act as a 
neuromuscular junction stabilizing agent producing synergistic effects with 
neuromuscular blocking agents (NMBs).  This effect can reduce the need for 
an NMB or require an increased dose of neostigmine.  The effect of at least 
one of these anesthetics, sevoflurane, has been shown to be concentration 
dependent. (85) 

3. Aminoglycoside and tetracycline antibiotics: These antibiotics may have 
inhibitory action at postsynaptic receptors or affect the neuromuscular junction 
by calcium chelation, causing accentuated block and potentially necessitating 
neostigmine dose adjustments. (84,86) 

4. Other products with effects similar to antibiotics: Calcium channel blockers, 
antiarrhythmics, lithium, cyclosporin and other concomitant medications. 
(84,87)  It appears that these drugs either enhance the potency of NMBs or act 
directly at the neuromuscular junction. (87)  Furthermore, it appears that if 
neostigmine is administered after some spontaneous recovery has already 
occurred there may be no adverse effect on recovery of neuromuscular 
function. (88) 

 
Dr. Simone noted that in addition to the Applicant’s findings, the literature includes 
another key interaction that needs to be considered in clinical practice and that should 
be included in product labeling.  Specifically, neostigmine-induced recovery is 
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The reason DMEPA reached a different determination with respect to the safety of the 
proposed name is based upon our re-evaluation of the misinterpretation of in 
the inpatient prescription study as well as a comment from another participant 
indicating that the name looked similar to  

16. Recommendations/Risk Benefit Assessment 
 

 Recommended Regulatory Action  
 
I recommend Approval 
 

 Risk Benefit Assessment 
The clinical utility of neostigmine lies in its ability to substantially reduce the recovery 
time from NMBs.  No clinical studies have been reported in the literature 
demonstrating a meaningful benefit for the reductions in recovery times observed with 
neostigmine.  Several potential benefits can be postulated and may be reasonably 
incorporated into the benefit risk analysis.  These include reducing the risks 
associated with: 
 

1. Patient movement during the final stages of the surgical procedure including 
wound closure because the ability to reverse an NMB permits maintaining 
paralysis through the end of surgery. 

 
2. Exposure to anesthetic agents required to maintain unconsciousness as they 

may be discontinued once paralysis has been reversed. 
 

3. Mechanical ventilation and the presence of an endotracheal tube as well as 
other airway management devices as they can be discontinued with return of 
spontaneous ventilation and maintenance of a patent airway. 

 
4. Delays in evaluation of neurological function, i.e., assess a patient’s ability to 

move extremities, peripheral sensation, speech or cognitive function, following 
certain surgical procedures that can affect the nervous system, e.g., spine 
surgery, carotid endarterectomy. 

 
As this product has been marketed for decades within the United States without 
identification of significant risks (see Section 11 for a description of known risks) and 
given its acute use as a single dose per procedure in most all cases, I believe it has a 
favorable risk:benefit profile. 
 

 Recommendation for Postmarketing Risk Evaluation and Management 
Strategies 

 
I do not feel a plan beyond routine post-marketing pharmacovigilance is required for 
this approval given its known safety profile, long history of use, and well established 
practices of monitoring for reversal of NMBs. 
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18. Appendices 
 

Tables related to the Primary Efficacy Variable 
 
Table 13.  Summary of pivotal efficacy trials that used TOF0.9 

Author/Year 
Country/ 

(Reference) 

Total # 
Patients 

Neuromuscular 
Blocking Agent 

and Dose 

Neostigmine 
Administration 

Neostigmine 
Dose 

# Patients 
/Group 

Recovery or Reversal Time 
(minutes) 

 
 
 
At TOF0 4 recovery 

 
 
0 (saline) 
10 
20 
30 µg/kg 

 
15 
15 
15 
15 

Reversal to TOF0.9 
Median (range) 
13 (7 - 27) 
6 (3 - 12)**** 
6 (4 - 9)**** 
4 (3 - 6)**** 

Reversal to TOF1.0 

Median (range) 
19 (11 - 30) 
11 (7 - 15)**** 
9 (6 - 13)**** 
6 (4 - 11)**** 

 

Fuchs-Buder 
et al.  
 
2010 
France 
(8) 

 

120 adult 
ASA I-III 
undergoing 
elective 
surgery 
under 
general 
anesthesia 

 

Atracurium 
0.5 mg/kg + 
0.1 mg/kg as 
needed 

At TOF0 6 recovery 0 (saline) 
10 
20 
30 µg/kg 

15 
15 
15 
15 

10 (5 - 16) 
4 (2 - 9)**** 
3 (2 - 7)**** 
4 (2 - 6)**** 

15 (8 - 20) 
6 (4 - 16)**** 
6 (4 - 14)**** 
5 (3 - 7)**** 

 
Lederer et al. 
 
2010 
 
Austria 
 
(9) 

 
60 adults 
M&F 
ASA I & II 
undergoing 
elective 
surgery 
under 
general 
anesthesia 

 
Rocuronium 
0.4 mg/kg 

 
 
5 minutes after NMB 

 
 
None (control) 
30 
50 µg/kg + 
glycopyrrolate 

 
20 
20 
20 

Recovery to TOF0.9
 
39.0 ± 8.7 
22.6 ± 5.9*** 
19.4 ± 5.1*** 

Recovery to TOF0.8
 
36.2 ±8.5 
20.2 ± 5.0*** 
17.8 ± 4.8*** 

*p<0.05, **p<0.01, ***p<0.001, ****p<0.0001 compared to spontaneous control 
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Author/Year 
Country 

Total # 
Patients NMB Neostigmine 

Administration 
Neostigmine 

Dose 
# Patients 

/Group 
Recovery or Reversal Time 

(minutes) 

 
 
Cisatracurium 
0.10 mg/kg 
0.15 mg/kg 

 
 

T1 @ 25% recovery 

 
 
None (control) 
40 µg/kg + 
atropine 
 
None (control) 
40 µg/kg + 
atropine 

 
 

15 
15 

 
 

15 
15 

Reversal to TOF0.9 
Mean (SD) [median] 
49.2 (8.0) [49] 
11.5* (2.8) [12] 

 
 
52.5 (7.0) [54] 
11.7* (2.7) [12] 

Reversal to TOF0.7 
Mean (SD) [median] 
15.9 (1.8) [16.3] 
4.4* (0.9) [4.7] 

 
 
15.5 (1.7) [15.5] 
4.5* (0.8) [4.7] 

 
Adamus et al. 
 
2006 
 
Czech 
Republic 
 
(10) 

 
120 adults 
M&F 
ASA I & II 
undergoing 
elective 
surgery 
under 
general 
anesthesia Rocuronium 

0.60 mg/kg 
0.90 mg/kg 

T1 @ 25% recovery None (control) 
40 µg/kg + 
atropine 
 
None (control) 
40 µg/kg + 
atropine 

15 
15 

 
 

15 
15 

43.1 (13.1) [41] 
9.8* (2.0) [10] 

 
 
56.7 (12.9) [56] 
10.0* (2.7) [10] 

16.1 (3.7) [15.7] 
4.3* (0.8) [4.3] 

 
 
16.1 (4.0) [16.3] 
4.7* (0.7) [4.6] 

*p<0.05, **p<0.01, ***p<0.001, ****p<0.0001 compared to spontaneous control 
 
 
 

Reference ID: 3307198



Neostigmine methylsulfate injection        May 10, 2013 
Eclat N204078 

Cross Discipline Team Leader Review  Page 46 of 47 

 
Author/Year 

Country/
Reference 

Total # 
Patients 

NMB 
Neostigmine 

Administration 
Neostigmine 

Dose 
# Patients 

/Group 
Recovery or Reversal Time 

(minutes) 

 
Rocuronium 
0.45 mg/kg 

 
5 minutes post-NMB 

T1 @ 1% recovery 
T1 @ 10% recovery 
T1 @ 25% recovery

 
None (control) 
70 
70 
70 
70 µg/kg + 
glycopyrrolate 

 
8 
8 
8 
8 
8 

Recovery to TOF0.9
54.3 ± 12.3 
42.1 ± 17.3 
35.3 ± 14.5 
27.0 ± 8.5** 
28.2 ± 10.8** 

Recovery to TOF0.7
45.7 ± 11.5 
27.6 ± 9.2** 
26.5 ± 9.2** 
23.9 ± 7.9** 
26.3 ± 9.4** 

 
80 adults 
F 
ASA I & II 
undergoing 
gynecologic 
surgery 

Vecuronium 
0.075 mg/kg 

 
5 minutes post-NMB 

T1 @ 1% recovery 
T1 @ 10% recovery 
T1 @ 25% recovery

None (control) 
70 
70 
70 
70 µg/kg + 
glycopyrrolate 

8 
8 
8 
8 
8 

66.2 ± 22.3 
34.7 ± 12.0** 
32.9 ± 3.9** 
36.6 ± 12.0** 
37.6 ± 9.9* 

52.5 ± 15.6 
27.2 ±  8.2** 
26.5 ±  6.2** 
33.5 ±  11.4* 
36.2 ±  8.0* 

Rocuronium 
0.45 mg/kg 

 
5 minutes post-NMB 

T1 @ 1% recovery 
T1 @ 10% recovery 
T1 @ 25% recovery

None (control) 
70 
70 
70 
70 µg/kg + 
glycopyrrolate 

8 
8 
8 
8 
8 

34.7 ± 10.0 
17.1 ±  4.9** 
19.3 ±  6.6** 
20.0 ±  4.2** 
24.4 ± 8.2 

28.8 ± 7.8 
14.1 ±  3.8* 
16.5 ± 5.7* 
18.4 ± 3.7* 
23.0 ± 8.3 

 
Bevan et al. 
 
1999 
 
Canada 
 
(11) 

80 children 
2-12 years 
undergoing 
dental 
treatment 

Vecuronium 
0.075 mg/kg 

 
5 minutes post-NMB 

T1 @ 1% recovery 
T1 @ 10% recovery 
T1 @ 25% recovery

None (control) 
70 
70 
70 
70 µg/kg + 
glycopyrrolate 

8 
8 
8 
8 
8 

44.2 ± 12.3 
28.6 ± 10.4* 
25.1 ± 6.9** 
29.2 ± 8.2* 
23.4 ± 3.5* 

36.4 ± 9.0 
20.2 ± 5.5** 
20.7 ± 5.0** 
25.9 ± 6.3 
21.3 ± 3.1** 

*p<0.05, **p<0.01, ***p<0.001, ****p<0.0001 compared to spontaneous control 
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Author/Year 
Country/
Reference 

Total # 
Patients 

NMB 
Neostigmine 

Administration 
Neostigmine 

Dose 
# Patients 

/Group 
Recovery or Reversal Time 

(minutes) 

 
Baurain et al. 
 
1994 
 
Belgium 
 
(12) 

 
24 adults 
ASA I & II 

 
Mivacurium 
0.2 mg/kg + 
infusion 

 
 
T1 @ 25% recovery 

 
 
None(control) 
40 µg/kg + 
atropine 

 
 

12 
12 

Reversal to TOF0.9 
Mean (SEM) 
13 (0.5) 
10*** (0.9) 

Reversal to TOF0.7 
Mean (SEM) 
10 (0.6) 
5*** (0.3) 

*p<0.05, **p<0.01, ***p<0.001, ****p<0.0001 compared to spontaneous control 
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