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2023 ASA NMB Guidelines can grouped 
into 2 categories

Step h an  R . T h ilen , W ad e A . W eige l, M ich ae l M . T od d , R ich ard  P . D u tton , C yn th ia  A . L ien , Stu art A . G ran t, Josep h  W . Szoko l, Lars  I. E riksson , M yron  Y aster, M ark  D . G ran t, M ad h u lika  A g arkar, A n n e  M . 
M arb e lla , Ja im e F . B lan ck , K aren  B . D om in o ; 2 0 2 3  A m erican  Society  o f A n esth es io log ists  P ractice  G u id e lin es fo r M on ito rin g  an d  A n tagon ism  of N eu rom u scu la r B lockad e : A  R ep ort b y  th e  A m erican  
Society  o f A n esth esio log ists  T ask  F orce  on  N eu rom u scu lar B lockad e . Anesthesio logy 2 0 2 3 ; 1 3 8 :1 3 – 4 1  d o i: h ttp s ://d o i.o rg /1 0 .1 0 9 7 /A LN .0 0 0 0 0 0 0 0 0 0 0 0 4 3 7 9

Categories of 2023 NMB Recommendations

• How to assess depth of neuromuscular blockade
• What to do with the information obtained from the assessment.
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Residual Neuromuscular Blockade is 
associated with delayed PACU discharge

It takes longer for patients with 
residual NMB to leave the PACU
• Observational Study (n= 246) 
• PACU discharge readiness longer 

(224 min vs 149 min)
• Incidence of residual NMB= 22%.

B u tte rly  A , B ittn e r EA , G e o rg e  E , San d b e rg  W S, E ike rm an n  M , Sch m id t U . Po sto p e rative  re sid u al cu rarizatio n  fro m  in te rm e d iate -actin g  n e u ro m u scu lar b lo ckin g  age n ts d e lays re co ve ry  ro o m  d isch arge . 
B r J A n ae sth . 2 0 1 0  Se p ;1 0 5 (3 ):3 0 4 -9 . d o i: 1 0 .1 0 9 3 /b ja/ae q 1 5 7 . Ep u b  2 0 1 0  Ju n  2 4 . PM ID : 2 0 5 7 6 6 3 2 .

T4/T1 > 0.9 T4/T1 < 0.9

4

Critical Respiratory Events in the PACU are 
associated with residual NMB

73.8% of cases had TOF ratios < 0.7

• Case Control Study 
• 42 Matched Cases (7459 total)

• Severe Hypoxemia 52% (22/42)
• Airway Obstruction 38% (15/42)

M u rp h y G S , Szo ko l JW , M arym o n t JH , G re e n b e rg  SB , A vram  M J, V e n d e r JS . R e sid u a l n e u ro m u scu lar b lo ckad e  an d  critica l re sp irato ry  e ve n ts in  th e  p o stan e sth e sia  care  u n it. 
A n e sth  A n alg . 2 0 0 8  Ju l;1 0 7 (1 ):1 3 0 -7 . d o i: 1 0 .1 2 1 3 /an e .0 b 0 1 3 e 3 1 8 1 6 d 1 2 6 8 . P M ID : 1 8 6 3 5 4 7 8 .

0.62 ± 0.20

0.98 ± 0.07
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Quantitative Monitoring reduces risk of 
adverse respiratory events in the PACU

M u rp h y G S , Szo ko l JW , M arym o n t JH , G re e n b e rg  SB , A vram  M J, V e n d e r JS , N ism an  M . In trao p e rative  acce le ro m yo grap h ic  m o n ito rin g  re d u ce s th e  risk  o f re sid u al n e u ro m u scu lar b lo ckad e  an d  ad ve rse  re sp irato ry  
e ve n ts in  th e  p o stan e sth e sia  care  u n it.A n e sth e sio lo gy. 2 0 0 8  Se p ;1 0 9 (3 ):3 8 9 -9 8 . d o i: 1 0 .1 0 9 7 /A LN .0 b 0 1 3 e 3 1 8 1 8 2 af3 b . PM ID : 1 8 7 1 9 4 3 6 .

0 0 0 0
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Incidence of significant respiratory 
events was virtually non-existent in 
prospective randomized trial of 185 
patients. 

Higher incidence of:
Ø SpO2 < 90% (PACU and Arrival)
Ø Airway Maneuvers
Ø Stimulation
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The need for these guidelines has been 
apparent for over a decade.

N ag u ib  M , K o p m an  A F , L ie n  C A , H u n te r JM , Lo p e z A , B ru ll S J. A  su rve y o f cu rre n t m an ag e m e n t o f n e u ro m u scu lar b lo ck  in  th e  U n ite d  S tate s an d  E u ro p e . A n e sth  A n alg . 2 0 1 0  Ju l;1 1 1 (1 ):1 1 0 -9 . d o i: 
1 0 .1 2 1 3 /A N E .0 b 0 1 3 e 3 1 8 1 c0 7 4 2 8 . E p u b  2 0 0 9  N o v 1 2 . P M ID : 1 9 9 1 0 6 1 6 .

43.5%
56.5%

68.2%

38.1%

Large degree of variability in physician practice that is not supported by the evidence.
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A 5 second head lift does not necessarily 
indicate T4/T1 > 0.9

7 out of 7 healthy volunteers 
were able to sustain a head lift 
at T4/T1 of 0.6

• NIP only showed a significant 
decrease at T4/T1 of 0.5
• Similar results for other 

pulmonary tests

E l M ikatti N , W ilso n  A , Po llard  B J, H e aly  TE . Pu lm o n ary fu n ctio n  an d  h e ad  lift d u rin g  sp o n tan e o u s re co ve ry  fro m  p ip e cu ro n iu m  n e u ro m u scu lar b lo ck. B r J A n ae sth . 1 9 9 5  
Jan ;7 4 (1 ):1 6 -9 . d o i: 1 0 .1 0 9 3 /b ja/7 4 .1 .1 6 . P M ID : 7 8 8 0 6 9 8 .
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Recommendations:

1. Do not use clinical assessment alone to avoid residual 
neuromuscular blockade.
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Recommendations:

1. Do not use clinical assessment alone to avoid residual 
neuromuscular blockade.

2. Quantitative Monitoring is recommended over qualitative 
monitoring to avoid residual neuromuscular blockade.
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Baseline T4/T1 measurements in Acceleromyography 
can commonly exceed 1.0 and should be normalized.

Baseline values should be obtained in 
Acceleromyographic assessments.
• Example: 0.95/1.15 = 0.83
• Baseline > 1.01 may be present 

in more than half of patients.
• The goal should be a normalized 

T4/T1 > 0.9

Step h an  R . T h ilen , W ad e A . W eige l, M ich ae l M . T od d , R ich ard  P . D u tton , C yn th ia  A . L ien , Stu art A . G ran t, Josep h  W . Szoko l, Lars  I. E riksson , M yron  Y aster, M ark  D . G ran t, M ad h u lika  A g arkar, A n n e  M . 
M arb e lla , Ja im e F . B lan ck , K aren  B . D om in o ; 2 0 2 3  A m erican  Society  o f A n esth es io log ists  P ractice  G u id e lin es fo r M on ito rin g  an d  A n tagon ism  of N eu rom u scu la r B lockad e : A  R ep ort b y  th e  A m erican  
Society  o f A n esth esio log ists  T ask  F orce  on  N eu rom u scu lar B lockad e . Anesthesio logy 2 0 2 3 ; 1 3 8 :1 3 – 4 1  d o i: h ttp s ://d o i.o rg /1 0 .1 0 9 7 /A LN .0 0 0 0 0 0 0 0 0 0 0 0 4 3 7 9

B aykara , N ., H osten , T ., Ö zdam ar, D ., E tile r, N ., S o lak , M ., &  T oker, K . (2010). H igh  Inc idence  o f R es idua l C urariza tion  A fte r R ocuron ium  D esp ite  A dm in is tra tion  o f N eostigm ine /N eostigm in  
U ygu lam as ina  R agm en R okuronyum  S onras i Y üksek R ez idüe l K ürarizasyon  O ran la ri. T ürk iye  K lin ik le ri. T ip  B ilim le ri D erg is i, 30 (4 ), 1325.
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Recommendations:

1. Do not use clinical assessment alone to avoid residual 
neuromuscular blockade.

2. Quantitative Monitoring is recommended over qualitative 
monitoring to avoid residual neuromuscular blockade.

3. When using quantitative monitoring, confirm a T4/T1 ratio > 0.9 
prior to extubation
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“Direct evidence from randomized trials that 
compare confirming or not confirming TOF ratios 
before extubation are lacking.”

• Effects are 
substantive and 
clinically 
meaningful for both 
neostigmine and 
sugammadex.
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Quantitative Monitoring reduces risk of 
adverse respiratory events in the PACU

M u rp h y G S , Szo ko l JW , M arym o n t JH , G re e n b e rg  SB , A vram  M J, V e n d e r JS , N ism an  M . In trao p e rative  acce le ro m yo grap h ic  m o n ito rin g  re d u ce s th e  risk  o f re sid u al n e u ro m u scu lar b lo ckad e  an d  ad ve rse  re sp irato ry  
e ve n ts in  th e  p o stan e sth e sia  care  u n it.A n e sth e sio lo gy. 2 0 0 8  Se p ;1 0 9 (3 ):3 8 9 -9 8 . d o i: 1 0 .1 0 9 7 /A LN .0 b 0 1 3 e 3 1 8 1 8 2 af3 b . PM ID : 1 8 7 1 9 4 3 6 .

0 0 0 0

5 6

22

39

9

19
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7

Incidence of significant respiratory 
events was virtually non-existent in 
prospective randomized trial of 185 
patients. 

Higher incidence of:
Ø SpO2 < 90% (PACU and Arrival)
Ø Airway Maneuvers
Ø Stimulation
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1. Do not use clinical assessment alone to avoid residual 
neuromuscular blockade.

2. Quantitative Monitoring is recommended over qualitative 
monitoring to avoid residual neuromuscular blockade.

3. When using quantitative monitoring, confirm a T4/T1 ratio > 0.9 
prior to extubation

4. Use the adductor pollicis muscle for neuromuscular monitoring
5. Avoid using the eye muscles for neuromuscular monitoring

Recommendations:
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“Disagreement exists between the degree of 
paralysis measured at the OO and the AP muscles.”

16 patients with vecuronium induced 
and neostigmine antagonized NMB
• Orbicularis Oculi had a faster 

recovery than the Adductor 
Pollicis 

M u rp h y G S , Szo ko l JW , M arym o n t JH , G re e n b e rg  SB , A vram  M J, V e n d e r JS . R e sid u al n e u ro m u scu lar b lo ckad e  an d  critica l re sp irato ry  e ve n ts in  th e  p o stan e sth e sia  care  u n it. 
A n e sth  A n alg . 2 0 0 8  Ju l;1 0 7 (1 ):1 3 0 -7 . d o i: 1 0 .1 2 1 3 /an e .0 b 0 1 3 e 3 1 8 1 6 d 1 2 6 8 . P M ID : 1 8 6 3 5 4 7 8 .
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1. Do not use clinical assessment alone to avoid residual neuromuscular 
blockade.

2. Quantitative Monitoring is recommended over qualitative monitoring to 
avoid residual neuromuscular blockade.

3. When using quantitative monitoring, confirm a T4/T1 ratio > 0.9 prior to 
extubation

4. Use the adductor pollicis muscle for neuromuscular monitoring
5. Avoid using the eye muscles for neuromuscular monitoring
6. Use sugammadex over neostigmine to reverse deep, moderate and 

shallow neuromuscular blockade induced by rocuronium or vecuronium
7. Neostigmine is a reasonable alternative to sugammadex at minimal 

depth of neuromuscular blockade.
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Recommendations:
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Residual NMB is lower and recovery is faster 
with sugammadex compared to neostigmine

With a peripheral nerve stimulator it is 
recommended that sugammadex be 
used if you can detect fade on TOF
• This corresponds to T4/T1 < 0.4
• If TOF has no fade or T4/T1 > 0.4 

it is reasonable to use 
neostigmine. 
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This table summarizes the data that supports 
recommending sugammadex over neostigmine

Step h an  R . T h ilen , W ad e A . W eige l, M ich ae l M . T od d , R ich ard  P . D u tton , C yn th ia  A . L ien , Stu art A . G ran t, Josep h  W . Szoko l, Lars  I. E riksson , M yron  Y aster, M ark  D . G ran t, M ad h u lika  A g arkar, A n n e  M . 
M arb e lla , Ja im e F . B lan ck , K aren  B . D om in o ; 2 0 2 3  A m erican  Society  o f A n esth es io log ists  P ractice  G u id e lin es fo r M on ito rin g  an d  A n tagon ism  of N eu rom u scu la r B lockad e : A  R ep ort b y  th e  A m erican  
Society  o f A n esth esio log ists  T ask  F orce  on  N eu rom u scu lar B lockad e . Anesthesio logy 2 0 2 3 ; 1 3 8 :1 3 – 4 1  d o i: h ttp s ://d o i.o rg /1 0 .1 0 9 7 /A LN .0 0 0 0 0 0 0 0 0 0 0 0 4 3 7 9

19

The recommendations are linked to the 
strength of the data supporting them.
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Where the data is more robust the use of 
sugammadex is supported.
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For minimal depth of block there is no evidence to 
support the use of either sugammadex or 
neostigmine.
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1. Do not use clinical assessment alone to avoid residual neuromuscular 
blockade.

2. Quantitative Monitoring is recommended over qualitative monitoring to 
avoid residual neuromuscular blockade.

3. When using quantitative monitoring, confirm a T4/T1 ratio > 0.9 prior to 
extubation

4. Use the adductor pollicis muscle for neuromuscular monitoring
5. Avoid using the eye muscles for neuromuscular monitoring
6. Use sugammadex over neostigmine to reverse deep, moderate and 

shallow neuromuscular blockade induced by rocuronium or vecuronium
7. Neostigmine is a reasonable alternative to sugammadex at minimal 

depth of neuromuscular blockade.
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blockade.
2. Quantitative Monitoring is recommended over qualitative monitoring to 

avoid residual neuromuscular blockade.
3. When using quantitative monitoring, confirm a T4/T1 ratio > 0.9 prior to 

extubation
4. Use the adductor pollicis muscle for neuromuscular monitoring
5. Avoid using the eye muscles for neuromuscular monitoring
6. Use sugammadex over neostigmine to reverse deep, moderate and 

shallow neuromuscular blockade induced by rocuronium or vecuronium
7. Neostigmine is a reasonable alternative to sugammadex at minimal 

depth of neuromuscular blockade.
8. For Atracurium and Cisatracurium:

a) Quantitative monitoring: reverse with neostigmine at T4/T1 > 0.4 and confirm 
recovery to T4/T1 > 0.9 prior to extubation.

b) Qualitative monitoring: Reverse with no detectable fade and then WAIT AT LEAST 
10 minutes prior to extubation.
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The dose of neostigmine when used for minimal 
depth of NMB should not exceed 40 mcg/kg

Quantitative Assessment
• Give lower doses at T4/T1 > 0.6
• (15-30 mcg/kg)

• Confirm that adequate reversal 
was achieved. 
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If adequate reversal is not achieved within 
10 minutes of neostigmine administration, it is 
probably because insufficient time was given for 
spontaneous recovery.
Options:

• Wait for spontaneous recovery
• Give sugammadex
• Give additional neostigmine up 

to total dose of 50 mcg/kg
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The dose of neostigmine when used for minimal 
depth of NMB should not exceed 40 mcg/kg

Quantitative Assessment
• Give lower doses at T4/T1 > 0.6
• (15-30 mcg/kg)

• Confirm that adequate reversal 
was achieved. 

Qualitative Assessment
• Wait for 10 minutes and hope 

for the best.
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1. Do not use clinical assessment alone to avoid residual neuromuscular 
blockade.

2. Quantitative Monitoring is recommended over qualitative monitoring to 
avoid residual neuromuscular blockade.

3. When using quantitative monitoring, confirm a T4/T1 ratio > 0.9 prior to 
extubation

4. Use the adductor pollicis muscle for neuromuscular monitoring
5. Avoid using the eye muscles for neuromuscular monitoring
6. Use sugammadex over neostigmine to reverse deep, moderate and 

shallow neuromuscular blockade induced by rocuronium or vecuronium
7. Neostigmine is a reasonable alternative to sugammadex at minimal 

depth of neuromuscular blockade.
8. For Atracurium and Cisatracurium:

a) Quantitative monitoring: reverse with neostigmine at T4/T1 > 0.4 and confirm 
recovery to T4/T1 > 0.9 prior to extubation.

b) Qualitative monitoring: Reverse with no detectable fade and then WAIT AT LEAST 
10 minutes prior to extubation.
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The benefits of complete recovery include 
increased patient satisfaction, decreased length of 
PACU stay, decreased postoperative pulmonary 
complications, and decreased mortality.
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Thank you. 
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