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Abstract

Introduct ion:  �����������������������������������������������������������Postoperative residual curarization (PORC) is a common com�
plication but rarely taken into account during the postoperative period. PORC is 
associated with an increased risk of morbidity and mortality in anesthetized pa�
tients. Even small degrees of residual muscle relaxation of the transverse striated 
muscles can have serious clinical consequences for patients including a decline 
of upper respiratory tract function or swallowing disorders.

Aim:  The aim of the work is to discuss the problem of PORC, its risk factors 
and diagnosis, as well as to identify the most common errors, which can be made 
even by experienced anesthesiologists and can lead to an increased risk of deve�
loping this life-threatening complication.

Mater ia l  and  methods :  This work is based on the available literature and 
the authors’ experience.

Resu l t s  and  d i scuss ion:  �������������������������������������������PORC caused by non-depolarizing neuromuscu�
lar blocking agents is a known problem in daily clinical practice. The effects of 
PORC significantly increase the risk of respiratory complications (hypoxia, pul�
monary edema, atelectasis and pneumonia). Patients can report discomfort even 
with a small degree of residual muscle block above a train of four (TOF) ratio of 
0.8. Complete  recovery of neuromuscular function does not occur until the TOF 
ratio is greater or equal to 0.9.

Conc lus ions :  The primary strategy to avoid residual neuromuscular block and 
to improve the safety precautions of patients undergoing anesthesia is not by me�
ans of clinical evaluation but consistent monitoring of neuromuscular conduction 
and extubating the patient when the TOF ratio more than 0.9.
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1. INTRODUCTION

Postoperative residual curarization (PORC) is an important 
factor which increases morbidity and mortality in anesthe�
tized patients during the postoperative period.1 PORC is 
perceived as uncomfortable to patients and can also lead to 
life threatening conditions such as: aspirations, obstruction 
of the upper respiratory tract occur quite often and can lead 
to serious pulmonary complications. Also, the need for oxy�
gen is significantly increased in the postoperative stage.2,3 

The effects of residual neuromuscular block are observed 
not only when extubating patients in the operating room, 
but also in the recovery room.4 The above-mentioned com�
plications can lead not only to a longer duration of hospi�
talization, but also to an increase in the cost of treatment 
as well as patient morbidity and mortality. The results of 
many studies in recent years show how important the PORC 
poses in the daily work of the anesthesiologist.5,6 This is also 
an important problem in Poland, where many patients af�
fected by this complication are still being met mainly due to 
lack of neuromuscular conduction monitoring. PORC not 
only prolongs the extubation time in the operating room 
but above all poses a life threatening risk to the patient. Re�
sidual muscle paralysis is a result of incomplete reversal of 
muscle relaxation and is caused by persistent presence of 
high concentration of muscle relaxant at the neuromuscular 
junction. This effect depends primarily on the dose of the 
administered drug.

The most common technique for assessing the degree 
of muscle relaxation and neuromuscular conduction is by 
train of four (TOF). This method involves sending a series 
of four electrical pulses every 0.5 s in 10 s intervals, through 
electrodes attached to an easily accessible peripheral nerve. 
The muscle response to the stimulation described above is 
evaluated. On this basis, the TOF ratio is calculated, i.e. the 
ratio of 4th to the 1st response (T4/T1). Based on current 
knowledge, patients can be safely extubated once the TOF 
ratio over 0.9 whereas a TOF ratio less than 0.9 is predictive 
of striated muscle relaxation. There is a new type of neuro�
muscular monitor, easier to use TOF-Cuff. It is a modified 
non-invasive blood pressure cuff that incorporates stimulat�
ing electrodes in its inner surface and is based on the stimu�
lation of the peripheral nerve in the arm.7,8

2. AIM

The aim of the work was to discuss the problem of PORC, 
its risk factors and diagnosis, as well as to identify the most 
common errors that can lead to an increased risk of develop�
ing this life-threatening complication.

3. MATERIAL AND METHODS

The work is based on the available literature and the au�
thors’ experience.

4. RESULTS AND DISCUSSION

PORC is a potentially life-threatening complication of non-
depolarizing muscle relaxant use in anesthesia. The first 
studies emerged in the 1970s in Australia, almost 30 years 
since the first use of curare. The first description of PORC in 
literature was made in 1979 by Viby Mogensen.9 In turn, in 
a study conducted by Cooper et al. in 1989, it was found that 
approximately 50% of all complications that caused patients 
to be transferred to the intensive care unit (ICU) were related 
to residual muscle relaxation of the striated muscles.10 Berg's 
study from the 1990s shows that the administration of long-
acting non-depolarizing muscle relaxants significantly con�
tributes to postoperative respiratory complications especially 
after abdominal procedures. In this analysis, PORC and its 
effect on postoperative complications were more common in 
patients who received a long acting non-depolarizing muscle 
relaxant.11 In a 2016 Australian study, more than 30% of pa�
tients reported PORC in the recovery room. Age and abdomi�
nal surgery lasting more than 90 minutes were associated with 
an increased risk of residual neuromuscular block.12 PORC 
is much more common after the use of long acting non-de�
polarizing muscle relaxants (pancuronium) than intermedi�
ate acting non-depolarizing muscle relaxants (atracurium, 
rocuronium, vecuronium).13–16 A 2001 study found that after 
the administration of intermediate-acting non-depolarizing 
muscle relaxants residual muscle block is common in pa�
tients during the postoperative period in the recovery room: 
39% of patients who received rocuronium during anesthesia 
had a TOF ratio of less than 0.8 in the recovery room, 52% 
after administration of atracurium and 64% after myorelaxa�
tion caused by vecuronium.17 Other studies in 2003 show that 
even two hours after a single dose of a long-acting non-de�
polarizing drug, more than 30% of patients do not achieve a 
TOF ratio of 0.9.18 Another 2010 study also shows that 2 h af�
ter administrating a single dose of atracurium, 8% of patients 
have significant residual muscle relaxation, even though one 
third of atracurium is eliminated regardless of organ function 
(Hoffman elimination).19 A 2015 study showed that the risk 
of respiratory complications increases with an increase in the 
dose of the non-depolarizing muscle relaxant administered 
during general anesthesia. However, the use of neostigmine 
without monitoring the reversal of the neuromuscular block 
also led to an increase in respiratory complications.20

4.1.  Neuromuscular function
Neuromuscular conduction block is a reversible phenom�
enon caused by drugs that prolong the depolarization of 
chemically sensitive ion channels of the postsynaptic recep�
tor of the end plate (depolarizing block) or by blocking ace�
tylcholine access to the postsynaptic receptor (non-depolar�
izing block). The main place of action of non-depolarizing 
muscle relaxants are in postsynaptic receptors, which are 
responsible for stimulating muscle fibers.21

A study conducted by Patton and Waud in 1967 showed 
that neuromuscular block only occurs when 70% of acetyl�
choline receptors are blocked by a transverse striated non-
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depolarizing muscle relaxant.22 Muscle strength decreases 
according to the ‘all or nothing’ principle. As a result, clini�
cal aspects of resolution of the effects of non-depolarizing 
muscle relaxants arise. When 70%–75% of acetylcholine 
receptors on the motor plate are occupied by non-depolar�
izing muscle relaxants, a gradual return of muscle strength 
is observed. Therefore, 25% of the initial dose of the non-de�
polarizing muscle relaxant for the repeated dose is needed. 
Noteworthy is the fact that a full motor response can be pre�
served when 70% of acetylcholine receptors are still blocked 
(i.e. the TOF ratio can be 0.9–1.0!). Complete neuromus�
cular blockade occurs when 90% of the receptors are taken. 
Table 1 shows muscle strength depending on the percentage 
of receptors occupied in the neuromuscular junction, as well 
as the moment when it is possible to effectively reverse the 
neuromuscular block with neostigmine or sugammadex and 
return responses in TOF stimulation. Table 2 shows clinical 
consequences of residual neuromuscular blockade.

4.2. Sensitivity of different muscle groups to neu-
romuscular conduction blockers blocking agents
After intravenous administration of a non-depolarizing 
muscle relaxant, small muscle groups such as extraocu�
lamuscles, finger muscles, then muscles within the face, 
throat, limbs, abdomen and spine are the first affected, last�
ly, the diaphragm and intercostal muscles are affected. The 
normal muscle function returns in reverse order.23 This is 
because the diaphragm is the least sensitive to non-depo�
larizing muscle relaxants, as Buzello noted as early as 1929, 
treating tetanus with curare.24 Compared to the adductor 
pollicis muscle, almost twice the doses of the non-depolariz�
ing muscle relaxant were needed to paralyze the diaphragm. 
Although the diaphragm requires 60 s less than the polli�
cis adductor muscle for muscle relaxation to occur. Muscle 
relaxation of the diaphragm was 30% shorter than muscle 
relaxation of the adductor pollicis muscle. The cause of this 
is considered to be rich vascularization of the diaphragm. 
This causes that even at a low TOF ratio of 0.2 measured 
after stimulation of the ulnar nerve, respiratory movements 
of the patient can be observed, which are often felt by the 
surgeon as tightening of the abdominal muscles, which can 
complicate surgical conditions.

4.3.  Physiological  and clinical  consequences of 
residual  blockade
Since 1975, a TOF ratio of 0.7 has been considered the 
standard as a sufficient criterion for the safe extubation of 
the patient's trachea. This was mainly related to the back 
of the systolic function of the diaphragm at these values. 
In contrast, when the TOF ratio was less than 0.6, muscle 
weakness was often observed in patients, which presented as 
drooping eyelids and tracheal deviation.25 Subsequently, in 
1988, a TOF ratio of 0.8 was required for extubation.26 Cur�
rently, at a TOF ratio of 0.9 muscle strength returns which 
allows for safe extubation of patient's trachea.27,28 Clinical 
signs of residual muscle block TOF ratio ranging 0.5–0.9 
measured on the intrinsic muscles of the thumb are shown 
in Table 3.

4.3.1.  Respiratory muscles
Patients recovering from anesthesia can reach the normal 
respiratory volume when the TOF ratio is 0.3 can be mis�
leading for the anesthesiologist which may lead to early ex�
tubation of the patient's trachea during which the laryngeal 
muscles and swallowing apparatus are still relaxed. Often 

Table 2. Clinical consequences of residual neuromuscular 
blockade.

TOF ratio Number of 
responses

Percentage of oc�
cupied acetylcholine 

receptors, %
Clinical implication

1–0.9 4 <70 safe extubation

0.8–0.7 4 <70 double vision, poor 
vision, weakness

0.6 4 >70 swallowing and ar�
ticulation disorders

0.5 4 >70 lifting the head is 
possible

0.2 4 70–75

spontaneous breath�
ing, antagonism by 
neostigmine is pos�
sible

0 3 85 laryngeal muscle 
relaxation

0 2 85
intubation, deep neu-
romuscular block

0 1 85–90
intubation, deep neu-
romuscular block

0 0 90–100
intubation, deep neu-
romuscular block

Table 3. Clinically relevant effects of a partial neuromuscular 
blockade based on the TOF-ratio 0.5–0.9 at the thumb.

TOF ratio at the 
thumb 0.5 0.8 0.9

Tidal volume Normal Normal Normal

Act of swallowing Severely impaired Impaired Normal

Integrity of the upper 
airway Severely impaired Impaired Normal

Hypoxic respiratory 
response Usually impaired Often normal Normal

Table 1. Muscle strength depending on the percentage of 
acetylcholine receptors occupied in the neuromuscular junc-
tion, the moment when it is possible to effectively reverse 
neuromuscular blockade with neostigmine or sugammadex 
and return responses in TOF stimulation.

Percentage of occupied 
acetylcholine receptors, % 0 70 75 90 100

Amplitude contraction, % 100 100 25 20 10 0

Muscle strength normal impaired paralytic

Reversal of the neuromus�
cular block

neostygmine

sugammadex

Number of responses 4 3 2 1 0

TOF ratio 1 0.9 0



277 Pol Ann Med. 2022;29(2):274–280

after surgery, the patient is ventilated in assisted pressure 
mode and therefore the patient can breathe spontaneously 
on their own. A strong cough reflex is important to cough 
up residual lung secretion which is possible only when the 
TOF ratio is 0.8.

4.3.2.  Regulation of  the respiratory center
In 1996, it was proven that peripheral chemoreceptors in the 
cervical glomeruli are blocked by non-depolarizing muscle 
relaxants. Chemoreceptors are more sensitive to neuromus�
cular conduction-blocking drugs than peripheral muscles or 
the diaphragm. The blockage of the reflex causes an increase 
the minute volume and respiratory volume at hypoxia. An 
increase in ventilation caused by hypoxia can occur only 
the TOF ratio is at least 0.9.29 Even minimal neuromuscular 
conduction block can cause respiratory depression. Opioid 
overdose or insidious anesthetics can strengthen the residual 
block and pose a threat to the health and life of the patient.

4.3.3.  Muscles of  the throat  and larynx
The muscles of the pharynx and larynx are much more sen�
sitive to non-depolarizing muscle relaxants than the res�
piratory muscles. At a TOF ratio of 0.6–0.7, we can expect 
impaired function of the laryngeal muscles, especially the 
genioglossus muscle, continues to occur and the tension of 
the upper esophageal sphincter is reduced, which poses a 
risk of regurgitation and aspiration of gastric contents to the 
respiratory tract.30,31 Swallowing disorders may persist when 
the TOF reaches 0.9. Even during complete resolution of 
the neuromuscular block, measurements recorded on the 
adductor pollicis muscle may show that the swallowing re�
flex is still impaired.

4.4.  Clinical  tests  used in the evaluation of  the 
return of  neuromuscular function
For decades, the degree of the neuromuscular block has been 
assessed on the basis of clinical tests. Unfortunately, this is 
still the case today, even though this approach is unreliable 
and can cause life-threatening conditions. Moreover, there 
are recommendations for standards of neuromuscular moni�
toring during anesthesia stating that ‘a peripheral nerve 
stimulation must be used whenever muscle relaxants are 
given. In Poland, according to the Regulation of the Minis�
ter of Health of December 2016 on the organizational stand�
ards of healthcare in the field of anesthesiology and intensive 
care,’ there should be a device for monitoring neuromuscular 
transmission designated for each patient station.

Clinical manifestation of persistent residual neuromus�
cular block can be presented by but not limited to; unco�
ordinated respiratory movements, incomplete eye opening 
and uncontrolled movements of the limbs. There are several 
different clinical tests that can be used to assess the degree 
of muscle relaxation of a patient. However, carrying out 
these tests requires patient cooperation, which after general 
anesthesia can be difficult. Sticking out the tongue, raising 
the hand, opening the eyes and normal respiratory volume 
are considered unreliable tests. In contrast, raising the head, 

upper limb or lower limb for at least 5 s and the tongue de�
pressor test are more reliable tests but are also insufficient in 
determining (the most adequate conditions for) safe extuba�
tion of the patient's trachea. Lifting the head or limb over 5 
s was long considered a definitive test indicating the return 
of neuromuscular conduction. Also, extending the testing 
time from 5 s to 10 s did not improve the quality of this 
test. After testing TOF stimulation and similar monitor�
ing methods, it was concluded that at TOF ratio of 0.5 the 
presence of residual muscle relaxation cannot be excluded. 
The tongue depressor test is the most sensitive test for clini�
cal evaluation of residual muscle relaxation. The patient is 
asked to bite on a spatula, which the anesthesiologist tries 
to slowly remove. If the spatula is maintained between the 
clamped teeth, the test is considered positive, this test is 
possible from a TOF ratio of 0.8. One of the biggest draw�
backs of this test is the inability to perform it in patients 
who are intubated and/or sleeping. In addition, when per�
forming this procedure, there is a high risk of tooth damage 
and gastroesophageal reflex. Therefore, in clinical practice, 
the tongue depressor test is very rarely carried out.32

4.5.  Causes of  incorrect  interpretation of  neu-
romuscular transmission states and pharmaco-
logy leading to PORC
The duration of action of a non-depolarizing muscle re�
laxant is characterized in clinical practice by a high indi�
vidual variability and can vary significantly among people. 
The main causes of this phenomenon is dependent on: age, 
gender and concomitant diseases such as renal and hepatic 
insufficiency. Other factors such as inhalation anesthetics 
(except nitrous oxide), certain groups of antibiotics, an�
tiarrhythmic drugs, diuretics, magnesium, hypocalcemia, 
respiratory acidosis and metabolic disorders can lead to the 
greater degree and/or prolongation of the duration of action 
of non-depolarizing muscle relaxant agents.33 Especially in 
the elderly, the duration of action of non-depolarizing relax�
ants varies greatly. Hypothermia is also important in this 
regard (reduced body temperature of the patient less than 
36°C), which significantly increases the neuromuscular 
block34. When using modern anesthetics such as desfluran 
or an ultrashort-acting opioid (remifentanil), patients wake 
up faster after surgery – which is desirable, however, pa�
tients are more likely to experience discomfort associated 
with the trace effects of the administration of non-depolar�
izing muscle relaxants.

Another very important issue which often occurs is the 
misinterpretation of the clinical duration of neuromuscular 
blockade agents DUR 25 (duration 25). The time measured 
from the moment of drug administration to drug resolution 
with a TOF ratio of 0.25 is the moment when surgical block 
resolves. The average time is about 40 minutes for rocuroni�
um or cisatracurium. The duration of action of non-depolar�
izing muscle relaxants that is written in textbooks is often 
misinterpreted and understood as the time between admin�
istration of the agent and the recovery time to the TOF ra�
tio of 0.9. However, between the clinical duration of action 
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and the recovery time to a TOF ratio over 0.9 often requires 
several tens of minutes even after the administration of non-
depolarizing muscle relaxants from the intermediate-acting 
group such as rocuronium or cisatracurium.32

Besides all of the issues discussed above what is also im�
portant is the incorrect use of acetylcholinesterase inhibitors. 
Neostigmine is often administered too soon, when the first 
and second twitch responses of a peripheral nerve stimulator 
are not present, especially in treatments with short operation 
times. It should be noted that neostigmine requires a minimum 
of 5 minutes in order to reverse the effects of the neuromuscu�
lar blockade. The peak concentration of neostigmine occurs 
after about 7 to 10 minutes from time of drug administration. 
In addition, potential side effects of neostigmine include bron�
chospasm, bradycardia, hyperperistalsis, hypersalivation and 
increased mucus production from the lower respiratory tract so 
it is needed to use it together with atropine in order to prevent 
or reduce these side effects32. Acetylcholinesterase inhibitors as 
opposed to sugammadex can only be administered when neu�
romuscular conduction returns spontaneously at a TOF ratio 
of at least 0.2 or when the patient begins to breathe on their 
own. Too early administration of acetylcholinesterase inhibi�
tors not only does not reverse the neuromuscular block, but 
paradoxically can prolong it.35 Therefore, reversal of the neu�
romuscular block requires that a patient be monitored. It is 
also necessary to remember that in order to effectively reverse 
the neuromuscular block with neostigmine, it is necessary to 
achieve at least three responses in TOF stimulation. Current 
scientific studies show that neostigmine should only be admin�
istered when TOF is equal to 0.4 at a dose of 20–40 mcg/kg 
(TOF ratio 1.0 is achieved within 11 minutes). By contrast, a 
dose of more than 60 mcg/kg misses the target due to the ceil�
ing effect and results in a significant increase in muscarinic 
side effects.36 In daily anesthesia practice, the reversal of the 
neuromuscular block is observed with acetylcholinesterase in�
hibitors in gastrointestinal procedures. This is not advisable 
as there may be a 10-fold increase in pressure in the abdomen, 
thereby increasing peristalsis and reducing mesenteric blood 
supply, which may present a risk of early leakage of anastomo�
sis.37 Sugammadex is unrivalled compared to acetylcholinest�
erase inhibitors as it reverses the neuromuscular block quickly, 
completely and at any depth of muscle relaxation without ex�
hibiting cholinergic effects38. However, the still persistently 
high price of the drug can be an argument against the routine 
use of sugammadex in anesthesiological practice. Neostigmine, 
which is a much cheaper drug, despite its side effects, is still 
widely clinically used.39

It should not be forgotten that both the throat muscles 
and the muscles of the larynx are very sensitive to non-depo�
larizing muscle relaxants, and this means that even a small 
sagging residual impairs their function. The diaphragm is 
the least sensitive to non-depolarizing muscle relaxants, so 
approximately 80% of acetylcholine receptors (TOF ratio 
0.25) may be occupied during spontaneous breathing. Ex�
tubation of the patient on the basis of efficient breathing 
volume often happens in anaesthesiological practice and ex�
poses the patient to complications.

Another error encountered in clinical practice is the ad�
ministration after a depolarizing drug (succinylcholine) of a 
high dose of a non-depolarizing drug, which means that the 
neuromuscular block is prolonged. From the authors’ experi�
ence, in such a situation, one third dose of a non-depolarizing 
drug required in order to intubate the patient is very often 
sufficient. Succinylcholine has a different mechanism of ac�
tion than non-depolarizing drugs, which causes an increased 
sensitization of acetylcholine receptors.40 It should be kept in 
mind that the depolarizing drug is given only after we are sure 
that the muscle relaxation caused by succinylcholine begins 
to subside, as it may happen that the patient has a genetic de�
ficiency of plasma cholinesterase (1 : 3000). In this situation, 
this very short-acting depolarizing drug causes the neuromus�
cular blockade to last for even up to several hours.41

In obese patients, the dosage of the non-depolarizing 
muscle relaxants, such as rocuronium, vecuronium or cisa�
tracurium should be based on the ideal body weight. For 
rocuronium and vecuronium, the effective dose in women 
is lower than in men due to relatively lower muscle mass.42

5. CONCLUSIONS 

The primary strategy to avoid residual neuromuscular block 
is not by means of clinical evaluation, but consistent monitor�
ing of neuromuscular conduction and extubating the patient 
when the TOF ratio over 0.9. Monitoring neuromuscular 
conduction provides a similar to optimal moment of intuba�
tion and extubation, determines more precisely the dose and 
metabolism of the drug, indicates to the anesthesiologist the 
best time if necessary to reverse neuromuscular blockade. 
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