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Unrecognised postoperative residual curarisation in
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Background. Postoperative residual curarisation (PORC) is a potentially life-threatening complication of non-depolarising muscle relaxant
use in anaesthesia. Quantitative neuromuscular monitoring has the potential to reduce the risk of PORC, but many anaesthetists rely on
clinical assessment of neuromuscular function alone.

Objectives. To investigate the occurrence of PORC in the recovery room at an academic hospital in Gauteng, South Africa. Additionally,
this prospective, cross-sectional study aimed to determine the extent of intraoperative neuromuscular monitoring and to assess clinical
factors that may influence the risk of PORC.

Methods. Patient characteristics and clinical information, including whether neuromuscular monitoring had been conducted, were
recorded. Patients were evaluated by clinical assessment and determination of a quantitative train-of-four ratio (TOFR). PORC assessment
methods were compared and clinical characteristics were analysed for association with TOFR status.

Results. The incidence of PORC (TOFR <0.9) in the study group was 45.5%; however, 78% passed the clinical assessment. The specificity of
clinical assessment to detect residual paralysis was 24%. Notably, only 3 patients (6%) were monitored intraoperatively for neuromuscular
function. Advanced age (p=0.011, r=-0.34) and female gender (p=0.001) were shown to be associated with a TOFR <0.7.

Conclusions. PORC is more common in practice than currently recognised. This deduction is supported by the low rate of intraoperative
neuromuscular monitoring conducted and the high pass rate on clinical assessment. Routine use of quantitative monitoring of

neuromuscular function should be encouraged to minimise the risk of this serious yet preventable condition.
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Non-depolarising muscle relaxants (NDMRs) have been used in
anaesthesia for nearly 80 years. Incomplete reversal leading to
postoperative residual curarisation (PORC) may result in potentially
life-threatening complications following surgery."! The use of long-
acting NDMRs is known to increase the likelihood of PORC,**
but intermediate-acting NDMR use has also been associated with
substantial risk of residual paralysis."”) Residual effects of neuro-
muscular blocking agents delay discharge of patients from the operating
theatre recovery room and place them at risk of developing a number
of clinical complications postoperatively. Clinical consequences
of PORC include an increased risk of respiratory complications,
prolonged intubation times and increased patient morbidity.®! General
factors that increase the risk of PORC include the use of high doses
of NDMRs, hypothermia, and premature or delayed administration
of anticholinesterase reversal agents.®”” NDMRs should therefore be
used with caution in patients who are elderly® or obese,” have sleep
apnoea! and who have neuromuscular or respiratory pathology,'?
owing to the risks associated with these drugs.

Peri- and postoperative neuromuscular monitoring has the potential
to minimise the risk of PORC and improve patient outcomes. &34l
In 2018, a consensus statement was released recommending the
quantitative monitoring of neuromuscular function whenever a
neuromuscular blocker is administered.!"*!

Evaluation of adequate neuromuscular recovery is routinely
performed in the operating room using peripheral nerve stimulation

and patient assessment.!'*"” Common clinical parameters used to
assess adequate motor function include a >5-second hand grip, the
ability to cough, a head lift for >5 seconds, an acceptable minute
ventilation, and negative inspiratory pressures >-30 c¢cm H,O.>!®!
Qualitative monitoring and clinical assessment, however, have been
shown to be unreliable® and unable to establish readiness for
tracheal extubation.!” In addition, the patient should be awake and
co-operative, and no residual anaesthetic drug should be present for
accurate assessment of these parameters. Such optimal conditions
are rarely accomplished in routine practice. Other factors, such as
pain during the postoperative period, complicate assessment even for
patients who are awake.

Quantitative measurement of the train-of-four ratio (TOFR)!"
using techniques such as acceleromyography or electromyography
is considered highly accurate and is required for the detection of
minimal block, defined as a TOFR 20.9.%%! Residual paralysis,
identified by a TOFR <0.9, is associated with complications such
as hypoxia, weakness, impaired swallowing, and respiratory failure
that can lead to brain death. However, few medical facilities have
the necessary evaluation equipment readily available, and clinical
assessment alone is often considered sufficient by many anaesthetists
worldwide.'®2°211 Similarly, South African (SA) anaesthetists
generally rely on clinical judgement of adequate motor function, and
this is likely to result in underestimation of the occurrence of PORC
in clinical practice.
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Objectives

To investigate the occurrence of PORC in
the recovery room for patients who received
intermediate-acting  NDMRs intraopera-
tively at Chris Hani Baragwanath Academic
Hospital (CHBAH), an academic training
hospital in Johannesburg, SA. Moreover, we
aimed to identify clinical parameters that
may be associated with residual paralysis in
a resource-limited setting.

Methods

This prospective study was conducted at
CHBAH, an academic hospital that serves
as a primary referral centre for the greater
Gauteng area. The study sample consisted
of 55 American Society of Anesthesiologists
1 - 3 patients who had undergone elective
surgery, received an intermediate-acting
NDMR, and were extubated postoperatively.
The study sample size was calculated based
on 90% power and an estimated PORC
incidence of 20%. Ethics approval for the
research was granted by the Human Research
Ethics Committee of the University of the
Witwatersrand (ref. no. M140360). Research
participants were recruited prior to surgery
and written informed consent was obtained.
Patients were excluded from the study if they
were <18 years of age or were unable to speak
English, or if there was no access to either
ulnar nerve.

Data were collected between December
2014 and February 2015. Participants were
seen in the operating theatre recovery room
after patient assessment had been completed
by the attending anaesthetist.
characteristics and

Patient
clinical information
were recorded, including the intraoperative
NDMR used and whether neuromuscular
monitoring had been performed during the
surgery. Clinical assessment of neuromuscular
function included the ability to sustain a
head lift for >5 seconds, hand-grip strength
(=5-second hold), the ability to cough, and
pulse oximetry. Participants who could
maintain the head lift and hand grip, who
were able to cough and who had an oxygen
saturation of at least 90% passed the clinical
assessment.

Potential PORC was determined indepen-
dently by the researcher using a TOF-
Watch SX (Organon Laboratories, UK)
Electrodes placed
over the ulnar nerve on the volar aspect of
the wrist and the acceleration sensor was

accelerometer. were

connected to an unrestricted thumb. The
negative electrode was placed 1 cm proximal
to the point at which the proximal flexion
crease of the wrist crosses the flexor carpi
ulnaris tendon. The positive electrode was
placed 2 -3 cm proximal to the negative

electrode. The TOFR was generated on the
accelerometer by application of a submaximal
stimulus of 30 mA. As only a fraction of
fibres were induced in a given nerve bundle,
the twitch height was reduced, but the ratio
measured between the twitches remained
the same. Three consecutive measurements
taken 20 seconds apart were recorded, and
the average was calculated for the final TOFR.

Excel 2010 (Microsoft, USA) was used
for initial data capture, and subsequent
statistical analyses were completed using
SPSS Statistics version 25.0 (IBM, USA).
Chi-square analyses were performed to
explore potential associations between the
clinical and quantitative variables. Where
necessary, the Freeman-Halton extension of
Fisher’s exact test was applied. Continuous
variables including age and oxygen saturation

were analysed using Student’s ¢-test and the
Mann Whitney U-test. The two methods
used to assess PORC in these participants,
based on either clinical assessment criteria or
the TOFR, were compared using McNemar
paired X* analysis. In addition, the strength
of association (Eta squared) was calculated.
Sensitivity and specificity analyses for the
clinical assessment were also performed. All
comparisons were two-sided, and a p-value of
<0.05 was considered statistically significant.

Results
The study participants were from a range
of different surgical disciplines, with 40%
undergoing general surgery (Fig. 1).

A total of 55 patients were included in the
study. Participant characteristics and clinical
information are summarised in Table 1.

Orthopaedics
Maxillofacial
General surgery
Urology
Neurosurgery
Ophthalmology
Gynaecology

Surgical discipline

Plastic surgery
Radiology

Ear, nose and throat

Patients, n

Fig. 1. Range of surgical disciplines.

Table 1. Patient characteristics

Characteristic
Age (years)
Range; mean (SD) 20 - 79; 44 (15.8)
<60, n (%) 45 (81.8)
>60, n (%) 10 (18.2)
Gender, 1 (%)
Male 30 (54.5)
Female 25 (45.5)
NDMR type, 1 (%)
Atracurium 6 (10.9)
Cisatracurium 9 (16.4)
Rocuronium 32 (58.2)
Vecuronium 8 (14.5)
Intraoperative neuromuscular monitoring, n (%)
Yes 3 (5.5)
No 52 (94.5)
Reversal agent administered (neostigmine), 7 (%)
Yes 48 (87.3)
No 7 (12.7)

SD = standard deviation; NDMR = non-depolarising muscle relaxant.
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Participant responses on postoperative
assessment are shown in Table 2. The
study participant temperatures ranged
from 34.1°C to 38.4°C, and 4 (7.3%) of the
participants were found to be hypothermic.
Supplemental oxygen (8 L/min) was applied
to 42 participants (76.4%) in the recovery
room. Mean (standard deviation (SD))
oxygen saturation was 96.4% (2.9) and ranged
from 85% to 100%. A single participant had
an oxygen saturation of <90%. On clinical
assessment only 4 participants (7.3%) were
unable to cough, and 9 (16.4%) and 11
(20.0%) were unable to sustain a hand grip
or head lift, respectively, for 25 seconds.

Intraoperative neuromuscular moni-
toring was recorded on the anaesthetic
chart for 3 participants (5.4%). In total,
12 participants (21.8%) failed the study
clinical assessment, thereby meeting the
clinical criteria for PORC. In contrast, 25
participants (45.5%) met the criteria for
PORC on TOF monitoring, i.e. a TOFR
<0.9. Average TOFRs ranged from 0.3 to
1 with a mean (SD) of 0.85 (0.15). Fig. 2
shows the number of participants in each
of four TOFR categories, namely <0.5, 0.5 -
0.69, 0.7 - 0.89 and 20.9.

Clinical associations with TOFR
threshold value
Potential associations between clinical para-
meters and average TOFR were investigated.
Participants were initially grouped based on
a TOFR threshold value of 0.9 indicative of
the presence or absence of PORC. However,
no significant association between the
clinical parameters assessed and TOFR
status could be demonstrated in this cohort.
Potential associations were further
interrogated using TOFR threshold values
of 0.8 and 0.7, respectively. Similar results
were obtained for the majority of variables
assessed; however, significant associations
were observed for age (TOFR <0.7; p=0.009,
r=-0.34) and gender (TOFR <0.7; p=0.001,
Fisher’s exact test and TOFR <0.8; x*=13.22,
df=1, p=<0.001). Lower TOFRs were asso-
ciated with older age and female gender.

Comparison of PORC assessment
methods

As mentioned previously, a higher percen-
tage of participants met the criteria for
PORC using the TOFR assessment method
than the clinical assessment method (45.5%
v. 22%; p=0.015, McNemar test, exact
p-value). On comparison of participants
grouped by TOFR status (<0.9 and >0.9),
participant pass rate on clinical assessment
was not significantly different. Similarly,
average TOFR status did not differ between

Table 2. Clinical observations following surgery

Postoperative assessment n (%) Mean (range; SD)
Temperature (°C) 55 (100) 36.3 (34.1 - 38.4; 0.9)
<35 4(7.3)
=35 51 (92.7)
Oxygen saturation (%) 55 (100) 96.4 (85 - 100; 2.9)
Oxygen applied (8 L/min)
No 13 (23.6)
Yes 42 (76.4)
Head-lift time (s) 55 (100) 43(0-5;1.5)
<5 11 (20.0)
=5 44 (80.0)
Hand-grip time (s) 55 (100) 3.9(0-5;1.6)
<5 9 (16.4)
=5 46 (83.6)
Ability to cough
Yes 51 (92.7)
No 4(7.3)
Clinical assessment
Pass 43 (78.2)
Fail 12 (21.8)
Average TOFR 55 (100) 0.85 (0.3 - 1; 0.15)
<0.9 25 (45.5) 0.67 (0.3 - 0.89; 0.17)
>0.9 30 (54.5) 0.94 (0.9 - 1; 0.03)

SD = standard deviation; TOFR = train-of-four ratio.

<05 h 3.6%

I ' 0.9%

0.5-0.69

TOFR categories

A, :0.9%

Patients, n

Fig. 2. Proportion of patients in each TOFR category. (TOFR = train-of-four ratio.)

participants grouped by clinical assessment;
however, TOFR status was moderately
associated with clinical assessment outcome
(Eta (n1)=0.7; n*=0.49).

Clinical assessment sensitivity and
specificity analyses

Applying the TOFR assessment as the
gold standard,® 25 of the 55 participants
(45.5%) were incorrectly assigned a pass
or fail status on clinical assessment by the
attending anaesthetist at the end of surgery.
The sensitivity and specificity of the clinical
assessment were determined to be 80% and
24%, respectively.
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Discussion

The occurrence of residual paralysis in the
recovery room after elective surgery has not
been investigated at CHBAH previously.
International studies over the last 30 years
have reported incidences ranging from
17% to 64%.>'%22) During this time period,
methods for measuring TOF fade have
been improved, and the TOFR criteria for
exclusion of clinically relevant PORC have
been adapted. Early studies suggested that
a TOFR of 0.7 correlated with clinically
acceptable signs of recovery.>*) However,
the recommended threshold value has
since been increased to 0.9, as impaired



respiratory function and muscle weakness have been associated with
lower ratio values.!!

In our cohort, the occurrence of PORC, defined as a TOFR <0.9,
was 46%. In 2004, a study from Universitas Hospital in Bloemfontein,
SA, reported a 42.9% incidence of PORC using a TOFR <0.9 and
17% when lowering the TOFR to <0.8.% Similarly, data from the
current study indicate a 22% incidence of residual paralysis using
a TOFR <0.8. Another SA study, which evaluated postoperative
neuromuscular function in 70 participants from Inkosi Albert Luthuli
Central Hospital, Durban, found that 26.8% of participants presented
with a TOFR <0.9.2°) Qur data support numerous other studies!*>?72
reporting a high incidence of residual paralysis in participants
arriving in the post-anaesthesia care unit. Despite the evidence, the
risk of PORC remains underestimated among anaesthetists in SA.

According to our data, only 6% of participants in our cohort were
monitored for neuromuscular blockade. Such practices are likely
to contribute to the lack of recognition of PORC. Internationally,
monitoring for PORC is not commonly
practised among anaesthetists. A survey from Italy that included
754 anaesthetists revealed that 73% relied on assessment of clinical
parameters alone.”!

In the current study, 78% of participants passed the study’s
clinical assessment meeting the criteria for adequate reversal of their
neuromuscular blockade. However, 19 of the participants who passed
had a TOFR <0.9. Therefore, 35% of participants were inaccurately
identified as reversed by the attending physician. In addition,
6 participants who failed the study clinical assessment in the recovery
room had a TOFR 20.9. The sensitivity of the clinical assessment
in this study was 80%. Clinical assessment was able to identify the
majority of those who were reversed. However, the specificity of
the clinical assessment was low (24%). A large proportion of the
participants who did not meet the criteria for reversal on TOF
monitoring were clinically assessed to be reversed (76%). The
insufficiencies associated with clinical assessment have been carefully
reviewed,® and in general, these tests have been shown to be
unreliable.'®?) Our results confirm that clinical assessment alone

neuromuscular

failed to identify the majority of participants with residual paralysis.
Of these, 4 (21%) had a TOFR <0.7. Although the side-effects related
to a TOFR >0.7 may not be life-threatening, residual muscle weakness
may have important clinical consequences, including a higher risk
of atelectasis, pneumonia and microaspirations.!! A further 20%
of participants who had a TOFR >0.9 were diagnosed with PORC
on clinical assessment. Ultimately, for both groups of participants,
delays in discharge from the recovery room,”” prolonged intubation
times®® and poor patient satisfaction are inevitable consequences of
this misdiagnosis.

In the current study, the clinical parameters assessed were not
shown to be associated with TOFR status. However, older age and
female gender were associated with a TOFR <0.7. These results
concur with previously published international data. It has been
demonstrated previously that older patients (=65 years) were twice
as likely as younger patients to experience residual neuromuscular
paralysis following NDMR administration.® In a different study,
Kaan et al.®® demonstrated that the risk of postoperative residual
neuromuscular block was increased in women (odds ratio 7.25) in
their study population.

No significant association was observed between TOFR and oxygen
saturation level. Reduced oxygen saturation levels, however, may
occur for medical reasons unrelated to NMDR administration. The
average oxygen saturation among the participants in our study was
96%. Supplemental oxygen was required by 24% of participants during
recovery, and all participants with a TOFR <0.7 required supplemental

oxygen. One patient, who had a TOFR of only 0.3, maintained an
oxygen saturation of 85%. This individual passed the other criteria for
clinical assessment. In general, participants with a TOFR <0.6 should
be able to lift their head and maintain a hand grip for 3 seconds, stick
out their tongues and open their eyes wide, but may display reduced
vital capacity and negative inspiratory pressure.*%!

The development of PORC was not found to be associated with
the choice of NDMR. However, of the participants who received
cisatracurium, a slightly higher percentage (56%) met the criteria
for PORC. In addition, cisatracurium had been administered to
the patient who presented in the recovery room with a TOFR of
only 0.3. A previous study by Maybauer et al.*®! demonstrated that
cisatracurium was associated with a higher incidence of residual
paralysis than rocuronium (56% v. 44%). Cisatracurium also has
a longer duration of effect than atracurium,*" and only 33% of
participants who received atracurium presented with PORC.

The administration of an anticholinesterase to antagonise the
effects of the neuromuscular blocking agent has previously been found
to be necessary to reduce the incidence of PORC.”! In our study,
although the use of a reversal agent was not significantly associated
with TOFR status, it is worth noting that, of the 7 participants who
did not receive neostigmine, 6 had a TOFR <0.9. As the number of
participants who did not receive a reversal agent is small, it is possible
that for a larger sample size, application of an anticholinesterase
would show significant association with TOFR status. Although not
investigated in this study, the use of sugammadex has the potential to
reduce the incidence of PORC.!

Conclusions

The prevalence of PORC in our study is higher than currently
recognised by clinical assessment. Relying on subjective assessment
of neuromuscular function alone results in a large proportion of
patients presenting to the recovery room with a TOFR <0.9. The use
of quantitative neuromuscular monitoring should be encouraged both
peri- and postoperatively, and awareness regarding residual paralysis
in the recovery room should be improved. The South African
Society of Anaesthesiologists Practice Guidelines, 2018 revision,?
recommend a peripheral nerve stimulator as an essential piece of
equipment in surgery to monitor neuromuscular function. Such
monitoring forms part of the minimum recommended requirements
for safe practice. Given that PORC can lead to major morbidity,
yet is a preventable condition, it is essential to implement the best
strategies to recognise and manage it. The investigation described
is limited in that this was a single-centre study; however, the results
are generalisable worldwide, as the literature confirms that the
incidence of intraoperative monitoring is low in institutions across
the globe.” Future studies examining larger cohorts of participants
from multiple centres would also be valuable to examine potential
clinical parameters that predispose to a risk of PORC in low- and
middle-income countries.
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