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High Incidence of Residual
Curarization After Rocuronium
Despite Administration of Neostigmine

Neostigmin Uygulamasina Ragmen
Rokuronyum Sonras: Yiiksek Rezidiiel
Kiirarizasyon Oranlar:

ABSTRACT Objective: The aim of the study was to investigate the incidence of postoperative resi-
dual curarization (PORC) after rocuronium administration using normalized acceleromyographic
(AMG) train-of-four (TOF) ratios. Material and Methods: During propofol-fentanyl- nitrous oxide
anesthesia, neuromuscular block was monitored using acceleromyography method in 130 patients.
A TOF ratio measured at the end of control stimulation was recorded as a baseline TOF value. Ne-
uromuscular block was induced with rocuronium 0.6 mg.kg! and antagonized with neostigmine 40
ug.kg! at the end of anesthesia. Immediately after the patients’ arrival in the postanesthetic care unit
(PACU), TOF ratios were measured and normalized (i.e., dividing the raw TOF ratio by the base-
line TOF value). The incidences of PORC were determined according to three different TOF thres-
hold values: Normalized AMG-TOF ratio <1; raw AMG-TOF ratio <1; and raw AMG-TOF ratio <
0.9. Results: The baseline AMG TOF ratios varied widely 110.8 (91-149) among patients. Conside-
ring normalized AMG-TOF ratios <1 as PORC, 77 (63.1%) patients had PORC on arrival to the PA-
CU. Significantly fewer patients had raw TOF ratios < 0.9 (39 subjects, 31.9%), and <1 (67 subjects,
54.9%) than whose normalized TOF ratios <1 (77 subjects, 63.1 %) (p< 0.05). Although not statis-
tically significant, the when it was determined using normalized AMG-TOF ratios rather than using
raw AMG-TOF ratios (18.3% and 10%, respectively). Conclusion: Despite reversal of neuromus-
cular block with neostigmine, the incidence of PORC is very high after rocuronium administrati-
on.
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OZET Amag: Bu caligmada rokuronyum sonrasi postoperatif rezidiiel kiirarizasyon (PORK) sikligi-
nin normallegtirilmis akseleromyografik (AMG) train-of-four (TOF) oranlar1 kullanilarak belirlen-
mesi amaglanmigtir. Gereg ve Yontemler: Propofol-fentanil-nitroz oksit anestezisi sirasinda,
130 hastada noromiiskiiler blok akseleromyografi yéntemiyle monitorize edildi. Kontrol stimiilas-
yonu sonrasinda 6lgiilen TOF orani bazal TOF degeri olarak kabul edildi. Néromiiskiiler blok 0.6
mg.kg " rokuronyumla saglandi ve anestezinin sonunda 40 pg.kg"' neostigminle antagonize edildi.
Hastalar postoperatif derlenme odasina geldikten hemen sonra TOF oranlari 6l¢iildii ve normalles-
tirildi (ham TOF oraninin bazal TOF degerine béliinmesiyle). PORK siklig: ii¢ farkli TOF esik de-
gerine gore belirlendi: Normallestirilmis AMG-TOF orani < 1; ham AMG-TOF < 1 ve ham
AMG-TOF oram < 0.9. Bulgular: Bazal TOF oranlar1 hastalar arasinda genis ol¢tide degiskenlik gos-
terdi 110.8 (91-149). PORK, AMG- TOF oranu < 1 olarak kabul edildiginde, postoperatif derlenme
odasinda 77 (%63.1) hastada PORK mevcuttu. Ham TOF oranlari<0.9 (39 hasta, % 31.9) ve <1 olan
(67 hasta, %54.9) hastalarin sayis1 normallestirilmis TOF oranlari<1 olan hastalardan (77 hasta,
%63.1) anlamli olarak diisiiktii (p< 0.05). Istatistiksel onemlilik diizeyine ulagmasa da, siddetli PORK
(TOF<0.7) siklig1 normallestirilmis AMG-TOF oranlar: kullanilarak belirlendiginde ham AMG-
TOF oranlariyla saptanan degerlere gore daha yiiksekti (sirasiyla %18.3 ve %10). Sonug: Neostig-
min ile néromiiskiiler blogun antagonize edilmesine ragmen rokuronyum sonrasi PORK siklig1 son
derece yiiksektir.

Anahtar Kelimeler: Monitorizasyon, fizyolojik; rokuronyum; komplikasyon; néromiiskiiler blok
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esidual neuromuscular curarization (PORC)
Rin the recovery room is a well recognised

phenomenon which can prolong postopera-
tive recovery, impair airway protective reflexes and
adversely effect respiratory function.? Although
the incidence of postoperative residual curarization
is lower with intermediate acting neuromuscular
blocking drugs such as rocuronium, vecuronium
and atracurium when compared to long acting ne-
uromuscular blocking drugs, it may still occur.?”?
The current generally accepted threshold value for
exclusion of PORC is a mechanomyographic train-
of-four (TOF) ratio of 0.9.

Due to its fast onset of action and safety profi-
le, rocuronium is one of the most widely used rela-
xants in many countries.'® Previous studies
determined the incidence of PORC following the
administration of rocuronium.** Despite antago-
nism of neuromuscular blockade at the end of sur-
gery, up to 17-36% of patients given rocuronium
arrived in the postane sthetic care unit (PACU)
with objective evidence of PORC.>*%? Accelerom-
yography (AMG) was used in these previous studi-
es and the acceleromyographic TOF (AMG-TOF)
ratio threshold values used to define the presence
of residual neuromuscular block were <0.7,*° <0.8%7
or <0.9*>%9 However, the AMG-TOF ratio is often
higher than that of the ‘gold standard’ mechanom-
yography, and AMG can not detect minor PORC.'"
13 As recently demonsrated by Eikermann et al.
evena minor degree of PORC may have clinical
consequences.'* It was demonsrated that recovery
of the AMG-TOF ratio to unity and normalization
or calibration is required to detect PORC reliably.!!
Normalization is the method which is based on
correcting a raw TOF ratio displayed on the moni-
tor screen of AMG during recovery by the baseline
(control) TOF ratio.!"317 That is, if, for example,
the control AMG-TOF ratio is 1.1, a displayed
(raw) TOF value of 0.9 during recovery period cor-
responds to a normalized TOF ratio of 0.81. Howe-
ver, it is necessary to know the baseline TOF ratio
to apply the normalization method. In this case, the
simplicity of the automatic calculated TOF ratio is
lost.
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In the present study, our initial aim was to in-
vestigate the real incidence of residual block after
rocuronium administration using normalized AMG
TOF ratios. The second aim was to compare the in-
cidences of PORC determined according to the
three different TOF threshold values: normalized
AMG-TOF ratio<l; raw AMG-TOF ratio <1; and
raw AMG-TOF< 0.9.

I MATERIAL AND METHODS

The study protocol was approved by the local et-
hics committee and written informed consents
were obtained from all patients. One hundred and
thirty patients between the ages of 18 and 65 ye-
ars, ASA physical status 1 or 2 requiring muscle re-
laxants during general anesthesia were enrolled in
the study. The estimated duration of surgery was
at least 1 h. Major surgeries associated with massi-
ve blood loss or fluid replacement were excluded.
Patients were excluded from the study if they we-
re suffering from hepatic, renal or neuromuscular
disease. Pregnant women and patients receiving
medications known to be capable of affecting nor-
mal neuromuscular transmission were also exclu-
ded. All patients were within 20% of ideal body
weight. Premedication consisted of midazolam 0.04
mg.kg ' intravenously. Indirect blood pressure, he-
art rate, oxygen saturation by pulse oximetry, and
end-tidal CO, were monitored in all patients.
Anesthesia was induced with propofol 2-2.5 mg kg’
!, and fentanyl 1-2 pg.kg”, and was maintained by
a continuous infusion of propofol 3-4 mg. kg'. h'!
and 70% nitrous oxide in oxygen. Following induc-
tion of anesthesia, a paired of electrodes was appli-
ed to the ulnar nerve at the wrist. Contraction of
the adductor pollicis was assessed using accelerom-
yography (TOF Watch SX, Organon Ireland Ltd,
Dublin, Ireland). The acceleration transducer was
taped to the distal ventral part of the thumb, and
the study arm was immobilized with a splint. The
other fingertips were tightly fixed with tape. The
arm board was adjusted to approximately a 70 de-
gree abduction. 50 mA TOF stimulation (four pul-
ses of 0.2 ms in duration, at a frequency of 2 Hz, 2
s in duration) was performed at the ulnar nerve
every 15 s. The TOF ratio measured at the end of
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control stimulation was recorded as a control valu-
e. Thereafter, each patient received a single intra-
venous. bolus of rocuronium, 0.6 mg.kg™ for
tracheal intubation. Following tracheal intubation,
the display of TOF Watch SX was covered by an
adhesive tape. Maintenance doses of 10 mg rocu-
ronium were administered if required. An upper
extremity forced air warming device was placed on
all patients to maintain nasopharengeal temperatu-
re >35°C and arm temperature >32°C. Ventilation
was controlled to maintain normocapnia. When
the surgical procedure was completed, anesthetic
agents were discontinued and neuromuscular bloc-
kade was reversed with neostigmine 40 pg. kg'and
atropine 15 pg. kg.! The anesthetists were instruc-
ted to assess patients for adequacy of neuromuscu-
lar reversal using standard clinical criteria used in
our department. Head lift five doconts or hand grip,
eye opening on command and tidal volume> 5.kg
!were the minimal requirements, all other tests of
residual paresis were at the discretion of the anes-
thesist conducting the case. When the anesthetist
determined that full recovery of neuromuscular
function was present, the trachea was
extubated. The total doses of fentanyl, rocuroni-
um and neostigmine, estimated blood loss, time
intervals from the last dose of rocuronium to neos-
tigmine administration, and from neostigmine ad-
ministration to TOF measurements were recorded.

In the recovery room, an investigator blinded
to the study protocol carried out assesment of resi-
dual block. The arm was put into the same positi-
on as control TOF ratio had been obtained. Four
consecutive TOF measurements were obtained,
and the average of the closest two values was re-
corded. Normalized TOFs were calculated by divi-
ding the TOF noted on the acceleromyographic
monitor display screen by the control value, as pre-
viously suggested.'®

Patients were instructed in the use of 100 mm
visual analog scale (VAS) score (from 0 mm= no pa-
in to 100 mm= intractable pain) in the preoperati-
ve holding area. Before the patient left the recovery
room, discomfort associated with neuromuscular
stimulation was evaluated using VAS.

Turkiye Klinikleri ] Med Sci 2010;30(4)

PORC was defined as a normalized TOF ratio
less than 1. However, the incidences of PORC we-
re determined according to the three different TOF
threshold values: normalized AMG-TOF ratio <1;
raw AMG-TOF ratio <1; and raw AMG-TOF <0.9.
The incidences of severe PORC were also determi-
ned according to the two different TOF threshold
values: normalized AMG-TOF ratio <0.7 and raw
AMG-TOF ratio <0.7.

Data are expressed as the number of patients,
mean + SD or median, and range. Results were
considered statistically significant when p<0.05. A
student’s t-test was used to analyse patient charac-
teristics (patient demographics or perioperative va-
riables), and to compare the patients with and
without PORC. Chi- square test was used for cate-
gorical variables. Fisher’s exact test was used when
expected values were below five. The proportions
of subjects having TOF ratios less than the predefi-
ned threshold values in the PACU were analyzed
using McNemar’s chi-squared test. The sensivity,
specivity and predictive values of raw AMG-TOFs
<0.9 and 1 to detect PORC (defined as a normalized
TOF ratio <1) were calculated according to stan-
dard formulae, and values were expressed as per-
centage and 95% CI.'8

I RESULTS

Of the 130 patients, six were excluded because the-
ir core temperature was low (<352C) when they ar-
rived to PACU, and another two patients were also
excluded for missing data on important variables.
There was no significant difference between the
patients with and without PORC with respect to
patient demographics or perioperative variables
with student’s t test (unshown data). Patient demo-
graphics and perioperative variables are presented
for the whole patient group in Tables 1 and 2, res-
pectively.

The baseline TOF ratio was 110.8 (91-149).

The baseline TOF ratios of 1.01 and above were

present in 71 (58.1%) patients. However, the base-
line TOF ratios of 99 and below (91-98) were seen
in 29 (23.7%) patients.

Considering normalized AMG-TOF ratios <1
as PORC, 77 (63.1%) patients had PORC on arrival
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TABLE 1: Demographic data.

Sample size 122
Age (yr) 448 +12.5
Sex (M/F) 35/87
ASA physical status(l/1) 76/46
Weight (kg) 69.6+11.6
Height (cm) 162.4+9.9
Operative procedures

General 42
Gynecologic 28

Plastic 16

Neurologic 24
Orthopedic

Urological 6

TABLE 2: Perioperative variables.

Fentanyl dose {g) 133.3+£96.8
Rocuronium dose (mg) 51.7+125
Number of redoses of rocuronium 0{0-4)
Patients receiving rocuronium within 45 min of neostigmine 5 (4.1%)
Time from last dose of rocuronium to injection of neostigmine {(min) ~ 79.3 + 25.1
Neostigmine dose to TOF measurement (min) 16377
Dose tramadol {mg) 1041 £37.7
Duration of anesthesia (min) 138.4+51.2
Blood loss {mL) 381+328
Temperature at the end of procedure (°C) 35.6 +0.45

Data are mean + SD, median (range), or number of patients (%).
TOF: Train-of-four.

to the PACU. Significantly fewer patients had raw
TOF ratios <0.9 (39 subjects, 31.9%), and <1 (67sub-
jects, 54.9%) when compared to the ones with nor-
malized TOF ratios <1 (77 subjects, 63.1) (Tablo 3,
p< 0.05).

The incidence of severe PORC (TOF <0.7) was
higher when normalized AMG-TOF ratios were

taken into consideration rather than the raw valu-
es (18.3% and 10%, respectively), even though the
difference did not reach statistical significance
(Table 3).

When PORC was defined as a normalized TOF
ratio less than 1, PORC was present in 100% of pa-
tients whose raw TOF ratios were <0.9 (positive
predictive value, Table 4). However, complete re-
covery (normalized TOF ratio >1) was seen in 45
(54.2%) of the 83 patients who had raw AMG-TOF
ratios > 0.9 (Negative predictive value, Table 4).
Among 67 patients who had raw TOF ratios <1,
62 (92.5%) patients also had normalized TOF rati-
os <1 (positive predictive value, Table 4). Among
55 patients who had raw TOF ratios >1, 39 (70.9%)
also had normalized AMG TOF ratios =1 (negative
predictive value, Table 4).

Only five (4.1%) patients remembered TOF
measurements that were performed in the PACU.
The mean VAS score in these five patients was 24
+ 23 mm.

I DISCUSSION

The time interval from tracheal extubation to
complete recovery of neuromuscular function is a
relatively unsafe period during which the patients
may be at risk for adverse respiratory events. PORC
has been found as an important contributing factor
in the development of critical respiratory events in-
cluding upper airway obstruction and hypoxemia
during this immediate postoperative period resul-
ting in pulmonary complications.®! Recovery of
neuromuscular function should be achieved prior
to tracheal extubation to ensure acceptable recovery
of pharyngeal and respiratory muscle strength and
to reduce the risk of respiratory complications. Re-
covery of neuromuscular function including nor-

TABLE 3: PORC rate. PORC was defined as a normalized TOF ratio <0.9 or raw TOF ratio <0.9 or raw TOF ratio < 1.
The rates of severe PORC: When severe PORC was defined as a normalized TOF ratio <0.7 or raw TOF ratio <0.7.

Normalized TOF ratio <1

The incidence of PORC 77 (63.1%)*
Normalized TOF ratio <0.7
The incidence of severe PORC 22(18.3)

Raw TOF ratio <0.9 Raw TOF ratio <1
39 (31.9%) 67 (54.9 %)
Raw TOF ratio <0.7
12 {10%)

*Significantly different from those of raw TOF ratios of 0.9 and 1 (p< 0.05).
PORC: Postoperative residual curarization.
TOF: Train-of-four.

1328

Turkiye Klinikleri ] Med Sci 2010;30(4)



Anesthesiology and Reanimation

Baykara et al

TABLE 4: Sensitivity, specificity and predictive values of AMG-TOF of 0.9 and 1 to detect PORC
(defined as a normalized AMG-TOF ratio less than 1).

AMG TOF ratio Sensitivity Specificity
0.9 50% (41.1-58.9) 100% (100-100)
1 79.5% (72.3-86.7) 88.6% (83-94.2)

Negative predictive value
54.2% (46-64)
70.9% (62.8-79)

Positive predictive value
100% (100-100)
92.5% (87.8-97.2)

Values are presented as percent and 95% confidence interval.
AMG-TOF: Acceleromyographic train-of-four.

mal pharyngeal function requires a mechanomyog-
raphic adductor pollicis TOF ratio of 0.9 or grea-
ter.!® Moreover, when a mechanomyographic TOF
ratiois <0.9, there is a significant decrease in carotid
body chemosensitivity to hypoxia. However, AMG
is the most widely used method for monitoring ne-
uromuscular function. The baseline AMG-TOF ra-
tio often exceeds 1 and it is difficult to exclude a
mechanomyographic TOF value <0.9. Even though
TOF recovery to 1 has been recommended to exc-
lude PORC reliably when using AMG, the average
baseline TOF ratio is higher than 1 and the reco-
very of raw AMG-TOF ratio to 1 can not assure ad-
equate neuromuscular function in every patient.'*
Impaired FIV1, high MEF50/MIF50 ratio, and diffi-
cult swallowing may ocur at a raw AMG-TOF rati-
o of 1."* A previous study aimed to determine the
AMG TOF ratio that detects PORC (defined as a
mechanomyographic TOF <0.9) with a 95% proba-
bility.!! The negative predictive value of normali-
zed AMG TOF of 0.9 in detecting PORC (defined
as a mechanomyographic TOF ratio less than 0.9)
was found as 89% (95% CI, 70-98), which did not
allow reliable detection of PORC.M Thus, TOF reco-
very to 1 and normalization or calibration have be-
en recommended to exclude PORC reliably when
using AMG.!! In the current study, PORC was de-
fined as a normalized AMG-TOF ratio smaller than
1, and the incidence of PORC was found very high
(64%). In other words, only about 36% of the pati-
ents had recovered completely in the PACU appro-
ximately 16 min after neostigmine administration.
The incidence of severe PORC (TOF <0.7) was also
higher when normalized AMG-TOF ratios were
taken into consideration rather than the raw valu-
es (18.3% and 10%, respectively), even though the
difference did not reach statistical significance.
These results constitute additional evidence for alar-
mingly high incidences of PORC.

Turkiye Klinikleri ] Med Sci 2010;30(4)

In previous studies, the incidence of PORC was
investigated using AMG in patients following rocu-
ronium administration.*® After a single dose of ro-
curonium and no reversal, the incidence of PORC
(defined as a raw AMG-TOF <0.9) was found as
45% on arrival in the PACU.> Kim et al. investiga-
ted PORC (defined as a raw TOF ratio <0.7) after
administration of either rocuronium or vecuroni-
um with reversal by pyridostigmine in 602 conse-
cutive patients.® Twenty percent of patients had a
TOF <0.7 in the recovery room.* Despite a protocol
designed to limit PORC (careful intraoperative ma-
nagement of rocuronium administration, monito-
ring, and administration of reversal agent at a TOF
count of 2), Murphy et al. showed that 32% of pa-
tients had PORC (defined as a raw AMG- TOF ra-
tios <0.9) in the PACU.* In the current study,
despite reversal with neostigmine, the incidence of
PORC (defined as a normalized AMG-TOF <1) was
found as 64%. However, if PORC had been defined
as a raw AMG-TOF <0.9, the incidence of PORC
would have been found as low as 31.9 in the PACU,
similar to the study conducted by Murphy et al.* In
this case, slight levels of residual paralysis (mecha-
nomyographic TOF ratio 0.7-0.9) can not be reli-
ably detected.

The avoidance of long acting neuromuscular
blocking drugs, the use of routine neuromuscular
monitoring in the operating room, the avoidance
of total twitch supression, and the reversal of neu-
romuscular blockade at a TOF count of 2-3 decre-
ase the incidence of PORC.? Incidence of residual
block increases with reduced core temperature, use
of pyridostigmine (which is less potent than neos-
tigmine), large doses of neuromuscular blocking
drug relative to the duration of surgery, short inter-
vals between administration of last dose of neuro-
muscular blocking drug to antagonize neuromus-
cular block, and antagonism to extubation.>"” In the
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present study, neuromuscular block was not moni-
tored from rocuronium administration in the ope-
rating room until TOF measurement in the PACU,
and this could have contributed to the high inci-
dence of PORC. The protocol of this study was de-
signed to reflect standard clinical practice in our
clinic. Neuromuscular monitoring is used mostly in
the PACU in our clinic, and PORC is defined as
raw TOF ratio <0.9. We wanted to know the posi-
tive and negative predictive values of raw AMG-
TOFs< 0.9 and 1, when a normalized AMF-TOF
ratio of 1 was accepted as the threshold value to ex-
clude PORC. Second, the average time interval be-
tween neostigmine administration and TOF
measurement was relatively short (16 min) in the
current study. It is well known that the incidence
of PORC may be reduced if antagonism of neuro-
muscular blockade is initiated 20-30 min before
tracheal extubation.”

The baseline AMG-TOF ratios varied widely
[110.8 (91-149)] in the current study, similar to
previous studies.!"'¢7?° Even though the baseline
TOF ratios were >1 in 71 (58.1%) patients, they we-
re <1 1in 29 (23.7%) patients. Thus, if PORC had be-
en considered as a raw TOF ratio less than 1 in this
study, five patients would have been erroneously
accepted as having PORC (positive predictive va-
lue; 92%). The negative predictive value of raw
AMG TOF of 1 was better than that of 0.9 (70.9%
and 54%, respectively). The positive predictive va-
lue of raw AMG-TOF of 0.9 was 1, but its sensiti-
vity was low (50%) and its negative predictive
value (54%) was not reliable enough to detect
PORC.

Even though raw TOF ratios are helpful in de-
tecting PORC, it seems, due to wide variation of
baseline TOF ratios (91-149), that it is not possible

to detect PORC reliably without measurement of
baseline TOF ratio. We believe that this result con-
stitutes additional evidence necessary to monitor
neuromuscular function before administration of
neuromuscular blocking drugs until complete re-
covery of neuromuscular function. However, in
clinical practice, AMG monitoring is often applied
subsequent to the administration of neuromuscu-
lar blocking drugs, without having had an initial
calibration. In this situation, because its negative
predictive value is higher than 0.9, the TOF thres-
hold ratio for residual block should be 1 instead of
0.9.

The stimulating current was manually set at
50 mA in the current study. A stimulation current
of at least 45 mA is required for accuracy and pre-
cision of TOF monitoring.?!

Fifty mA may result in painful muscle contrac-
tions in awake, unpremedicated patients. In a pre-
vious study,* TOF stimulating currents of 50 mA
were used in patients in the PACU. Only nine (8%)
patients recalled TOF measurements and mean
VAS scores in these patients were 25 + 13 mm.* Si-
milarly, five (4.1%) patients recalled TOF measu-
rements and mean VAS scores were 24 + 23 mm on
a 100 mm scale in the current study. Probably, du-
e to analgesic and amnestic effects of anesthetic
agents persist in the immediate recovery period,
TOF measurements did not disturb most of the pa-
tients.

In conclusion; despite reversal with neostig-
mine, the incidence of PORC is very high during
the early PACU admission. Due to wide variation
of baseline TOF ratios by AMG, it is not possible to
detect PORC reliably without measurement of ba-
seline TOF ratio.
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