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Bsenenue. HOCJICOHepaLII/IOHHaSI MblIIEUHAs C1a00CTh HE SABJISETCS YeM-TO HEOOBIUHBIM U MOKET ObITh CBA3aHA C TocjieoneparmoHHbIMU OCJI0K-
HEHUAMU Y TMAIIMEHTOB T10CJIE 061_1_[6171 aHeCTe3nm. O[[IIaKO AHECTEe3MO0JIOTU /10 CUX IIOP PEAKO MCIIOJIb3YIOT MOHUTOPUHT IIepBIIO-MBIHIe‘{IIOﬁ IIpOBO-
JIMMOCTH B KJIMHUYECKOI IIpaKTUKE.

HCJII). OL[eHI/ITI) CKOPOCTDb HEPBHO-MbBIIIEYHOI'O BOCCTAHOBJICHUS ITOCJIE€ IPUMEHEHNA aTPAKYPUA U POKYPOHUA U OIIPEJAC/IUTh YUCJICHHOE 3HAYCHNE
CHUJIBI CKATHUA C UCTTOJB30BaHNEM PYUYHOTO IMHAMOMETPA, YKA3bIBAIOIIECE Ha 6€e3011aCHOCTh TiepeBo/ia rnmanneHTa nu3 HOCHEOHepaIIVIOHHOﬁ TTaaThbl.

I[PISHﬁH HCCJIe0OBAHUA. HpOCHeKTI/IBHOE, Ha6]HO,Z[aT(3JII)HO(EBy KJIMHUYECKOE CPaBHUTEJbHOE UCCJIE/IOBaHE.

Marepuaiisl 1 MeToabl. VccieoBanue 006peHO MECTHBIM KOMUTETOM TI0 aTHKe. 120 manueHToB, HAIPABJIEHHBIX HA JIATAPOCKONUYECKYIO OTie-
panuo, ¢ pusuuecknm crarycom I u I o mkane Ameprkanckoro obuiectsa anecte3uosioros (ASA) B Bozpacte ot 20 10 49 siet GbLn ciryvaitHbiM
06pa3oM pasjieIeHsl Ha JIBe TPYIITLI 110 60 YeoBek B Kaskaoil. [TarmenTsr 1-if rpyTibt OIyYasim OMHOKPATHYIO 103y aTpakypus B pazmepe 0,5 MT/KT
WeaIbHON MACChl TeJla, a MAIUEeHTHI 2-1 TPYIIIBI OTy9aal OHOKPATHYIO 103y POKypoHus B pasmepe 0,6 Mr/Kr uaeanbHoil Maccsl Tena. Takne
apameTpbl, Kak MouduIpoBatHas oreHka 1o mkaie Aubaepere (MAS), cuia noxxarus pyku u yCTOMYUBBIN HOBEM TOJIOBbI 1 HOT' B TEUEHUE
5 CeKyH/I, CPABHUBAINCD B 06€NX Ipymiax ¢ 10-MUHy THBIMU HHTEPBATAMU.

Peayasratsl. [locneonepanronHoe BOCCTAaHOBIEHIE HEPBHO-MBIIIEYHON IPOBOAMMOCTH (CHJIA IIOXKATH ) B TPYIIIe, oJIydyaBIleil aTpakypuil, Ipo-
UCXO/IIIO OBICTPEE, ueM B TPyIIiie, oaydasiieii pokyponuii (p = 0,042 yepes 20 mun u p = 0,00001 na 30-ii, 40-it u 50-it MuH 110CsTE peBepcun H10Ka.
Passinurie Bo BpeMenu nostyderust MouduiapoBantoro 6amia Ambaepere (MAS) > 8 Gaios 6b110 HeznaunmbiM (p = 0,335). [TostokuTebHBII
KJIMHUYECKUH TECT HA JUIUTEJIbHOE MOIHSATUE TOMOBbI ObLI HE3HAYNMBIM B TeUeHUE OOJIbIIEH YacTu BPEeMEHH, 3a UCKIUYeHneM 20-MUHYTHOTO
nepuoa, Koraa GOJBITIMHCTBO MAI[IEHTOB B TPYIIIIE aTPAKyPHst OBLII CIIOCOOHBI YAEPKIBATH TOJIOBY B TIOJHSATOM TIOJOKEHUH B TEYEHNE 5 CEKYHT
(p =0,021). B reuenne 10 u 20 Mun GOJIBIIMHCTBO TAIMEHTOB B TPYIITIE, TOJYYABIIEH aTpaKypuif, MOTJIN YAEPKUBATH HOTY B OAHITOM COCTOSTHUN
B reyenue 5 cekyna (p = 0,015 u p = 0,014 coorBercTBerno). OnHaKO GOIBITUHCTBO MAIMEHTOB B 00X IPYIIIAX MOTJIU HO/UIEPKUBATH TOJIOBY U
HOTH B ITPUIIOHSITOM MOJIOKEHNH B TeueHne 5 cekyH/ Ha 30-if MIH T10cJie peBepcrn GII0Ka.

3akmouenne. [10 CpaBHEHUIO ¢ POKYPOHHEM, aTPaKypuii ciocoOCTByeT Gosiee GBICTPOMY BOCCTAHOBJIEHHIO MBIIITI IIOCJIE OTHOKPATHOTO BBEICHUS
JIO3BI /71 MHTYOAI[K TPaxer BO BpPeMsl KOPOTKOI orepariuit. ITo ObII0 YCTAHOBJIECHO ¢ OMOIIBIO 9JIEKTPOHHOTO IMHAMOMETPA /s U3MEPEHUS CUIIbI
noskarust. Jljst 6e30nacHol BHINMUCKK M3 MOCJAEONEePAIMOHHOI TTalaThl MOKET MOTPe6OoBaThCS CHJla CKATHS B 42% OT UCXOAHOTO ypoBHst. OlieHKa
Ha KHCTEBOM JITHAMOMETPE BBISIBUIIA GOJIbIIEE MOCIEONEPAIOHHOE 0CTABICHIE MBI, YeM KINHIIECKast OTeHKa.

Knrouesvie crosa: anaKyprI, pOKypOHHI‘?I, O6].Lla$[ aHecTe3u:d, py‘IHOﬁ JUHaMOMETD, CHJIa XBaTa, BOCCTAHOBJIEHUE MBIIIIL 1 KJINHUYECKUI TECT

st uptupoBanust: SasaaM. A., Jaafar . H., Saafi M. A. Pyunoii imHaMoMeTp 1 KJIMHUYECKUE TECTbI /ISt OIEHKI BOCCTAHOBJICHUS] HEPBHO-MBITIIEYHON
[IPOBOAMMOCTH [IPU IPUMEHEHNH aTPAKyPUsl B CPABHEHIHU C POKYPOHHEM Y TAIIMEHTOB, IePeHeCINX JANapoCKOINIecKyio omnepamuio // BectHuk
anectesunosiornu u peanumarosoruu. — 2024. — T. 21, Ne 5. — C. 42—-49. http://doi.org/10.24884 /2078-5658-2024-21-5-42-49.
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Background. Postoperative muscle weakness is not unusual and may be related to postoperative complications in patients after general anesthesia.
However, the clinical practice of neuromuscular conductance monitoring is uncommon among anesthesiologists.

The objective was to evaluate the rate of neuromuscular recovery after atracurium and rocuronium and to determine the numerical value of grip
strength using a hand dynamometer, indicating the safety of transferring a patient from the postoperative ward.

Study design. A prospective, observational, clinical comparison study.

Materials and Methods. Upon proper authorization and approval from the local ethics committee, patients referred for laparoscopic surgery, 120
patients of the American Society of Anesthesiology (ASA) physical status T &IT between ages 20—49 years were randomly assigned into 2 groups
of 60 each. Group I received a single atracurium dose of 0.5mg/kg of ideal body weight and Group II patients received a single rocuronium dose of
0.6mg/kg of ideal body weight. Parameters such as modified Alderete score (MAS), grip strength, and sustained head and leg lift for five seconds
were compared in both groups 50 minutes after giving the reversal agent at 10-minute intervals.

Results. Postoperative muscle recovery (grip strength) was faster in the atracurium group than the rocuronium group, with a p-value of 0.042 at
20 minutes, and 0.0000 for 30, 40, and 50 minutes after giving the reversal agent. The time to obtain a modified Alderete score (MAS) > 8 scores
was statistically insignificant with a p-value of 0.335. Positive clinical test for sustained head lift for 5 seconds was statistically insignificant within
a majority of the time, except in the 20 minutes, most of the cases in the atracurium group were able to sustain head elevation for 5 seconds with a
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p-value of 0.021. In the 10 &20 minutes, most cases in the atracurium group could sustain leg elevation for 5 seconds with a p-value of 0.015 and 0.014
respectively. However, most cases in both groups could sustain head and leg elevation for 5 seconds in the 30 minutes after giving a reversal agent.

Conclusion. Compared to rocuronium, atracurium has been associated with faster muscle recovery after a single tracheal intubation dose for a
short surgery. This was determined by utilizing an electronic hand dynamometer to measure grip strength. 42% grip strength from baseline might
be applicable for safe discharge from the recovery room. A hand dynamometer assessment revealed more post-operative muscle weakening than a

clinical evaluation.

Keywords: atracurium, rocuronium, general anesthesia, hand dynamometer, grip strength, muscle recovery and clinical test
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Introduction

Historically, competitive neuromuscular block
agents (CNMBAs) have been a regular element of
general anesthesia (GA). These intermediate muscle
relaxants are correlated with a variety of side effects,
which can be outlined as early after injection that might
be less noticeable as compared with delayed adverse ef-
fects, such as post-anesthesia residual paralysis (PARP),
which is closely listed with long-acting muscle relax-
ants around 36-42% as well as noted with intermedi-
ate-acting neuromuscular blockers approximately 5%—
10%. However, the overall (PARP) is 57% in patients
shifted to the recovery room (RR) [8, 13]. Additionally,
the periods of action and residual paralysis in atracu-
rium versus rocuronium are various, attributed to the
patient’s characteristics and anesthesia techniques [15,
35], and the chance of prolonged paralysis rises with a
wide duration of action [26].

Current intermediate neuromuscular block agents
that are utilized can have lethal adverse effects
post-general anesthesia, including pulmonary issues
due to muscle fatigue, breathlessness, upper airway
blockage, and mild to exceeding hypoxemia that might
need re-intubation or even ICU admission [1, 11]. This
might be due to post-anesthesia residual paralysis
(PARP), which seems to have the ability to raise post-
operative mortality and morbidity [5].

Visual qualitative assessment of muscular recovery
in the recovery room is common and effortless, such as
a permanent head lift and leg lift for 5 seconds. While
it remains not the optimum and blinding method for
many expert anesthesiologist providers to be consid-
ered for monitoring of the muscle recovery in the RR
because it provides insuflicient sensitivity, as with the
train of four (TOF) subjective, despite its widely used
as a monitoring tool for those patients who received
(CNMBAS), it seems to be less used recently due to
machine limitations that can’t recognize the different
levels of residual paralysis and associated with pain
in awake patients which is not permitted by ethical
committee [27, 29, 32, 36]. Hand dynamometer (HD)
monitoring provides an easy technique to assess muscle
recovery following general anesthesia, lessens discom-
fort, and may be additionally utilized in the recovery
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room to monitor postoperative muscle recovery [31].
Our aim of the study is to compare Atracurium and
Rocuronium concerning recovery from muscle recov-
ery, we also tried to find the numerical value for grip
strength which is needed for safe discharge from the
recovery room using a hand dynamometer.

Materials and Methods

Patients and measurement. Basically, as a require-
ment of the Al Najaf health director, Al Sader Teach-
ing Hospital, and Al Najaf Teaching Hospital, the study
was approved and accepted by an ethical committee
with the code number (62124) in October 2022. The
research was further authorized by the University of
Sousse, Faculty of Medicine Ibn Al Jazzar, and the trial
was listed at Clinical Trials.gov (NCT05657756). The
research was also advisable by experienced specialist
anesthesiologists and neurophysiologists, gathering
cases taken from two center studies; Al Sader Medi-
cal City and Al Najaf Teaching Hospital between 2"
October 2022 to 2" April 2024. Patients in all groups
are given oral consent to enroll in this study. 120 pa-
tients aged between 20—49 years, with body mass in-
dex 18-30 Kg/m?, of both sexes with American Society
of Anesthesia physical status either ASA T or ASA II
participated in scheduled laparoscopic surgery within
one or less hour.

Patients were omitted, if their ages were < 20 or
> 49 years, surgery other than laparoscopic; body mass
index > 30 Kg/m? emergency surgery; pregnancy; pa-
tients who received medications that potentiated or
increased resistance to neuromuscular block agents
(NMBASs); all patients who suspected to have factors
that increase the difficulty of NMB reversal; neuromus-
cular disorder; electrolyte disturbance; patient with se-
vere hepatic or renal disease; the endocrine disease that
effects metabolic rate and any known of allergic reac-
tion to the anesthetic agents that utilized in the study.
We also dropped the cases who received the second or
multiple doses of neuromuscular block agent; Observ-
er’s Assessment of Alertness/Sedation Scale OAA/SS
< 5 at recovery room; surgery extended to more than
1 hour; all patients who felt pain in their surgical site
during maximum grip strength in the postoperative
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period; and patients who were unable to complete the
postoperative grip test.

Pre-operative evaluation. All patients were evaluated
one day before surgery and fasting for eight hours on
the day of surgery. An initial test of grip strength was
applied after grip size adjustment for each patient until
the second joint of the index finger was 90° of the han-
dles, the patients were sitting on the operating table,
feet flat on the floor back supported, the elbow placed
on the individual sides at 90° angle [12]. Grip strength
settings such as age, weight, and gender were set indi-
vidually. Then we instructed the patients to squeeze an
electronic hand dynamometer as hard as they could for
2 to 3 seconds without holding their breath and then
release, we repeated test three times at the one-minute
interval, and we chose only the maximum reading of
grip strength and recorded it as initial reading. We
also informed all the participants to repeat the test of
handling the hand dynamometer device with maximal
grip strength as much as they could on the transport
trolley in the supine position with 45° head elevation
postoperative in the recovery room.

Anesthesia techniques and equipment. The operation
theater temperature was 20 to 25 C°, the patient was
supine in position, standard monitoring according to
the ASA standardization such as pulse-oximeter; electro-
cardiography (ECG), temperature prop; non-invasive
blood pressure monitoring, capnometer, and peripheral
nerve stimulator were attached to all participants, pe-
ripheral intravenous cannula gauge 20 was inserted on
the opposite side of the dominant hand away from neu-
romuscular monitoring. A co-loading crystalloid fluid
of 10 ml/kg at the first hour of surgery was given at the
time of the anesthetic induction performed.

Pre-oxygenation started with 100% oxygen at regu-
lar breath within 3 minutes; patients were divided into
two groups: atracurium group and rocuronium group.
An induction agent was performed using intravenous
midazolam (5mg), ketamine (0.5 mg/kg), propofol
(2 mg/kg), atracurium (0.5 mg/kg) in the atracurium
group, and rocuronium (0.6 ving/kg) in rocuronium
group, the selected one of the two neuromuscular
blockers based on the anesthesiologist’s preference.

The contraction of the adductor policies muscle
was measured for monitoring neuro-muscular activity
utilizing an acceleromyograph, two electrodes were
placed over the ulnar nerve at the wrist after cleaning
it with alcohol and letting it dry, and an acceleration
transducer cable was attached to the thumb and fixed
by tape, the hand was supported to prevent movement.
Following the induction of anesthesia and loss of con-
sciousness and completely paralyzed muscle (no re-
sponse to train of four (TOF) stimulation), intubation
was performed using direct laryngoscopy, endotracheal
was inflated and fixed and anesthesia was maintained
using 1.2—1.5% isoflurane, intraoperative adjuvant
drugs were given in both groups such as acetamino-
phen (1 g/8 hs), nefopam hydrochloride (20 mg/6 hs,
and antiemetic agents such as ondansetron (4 mg) or
dexamethasone (4 mg) were used to avoid postopera-
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tive nausea and vomiting (PONV). Volume control
ventilation was used to augment ventilation during the
apneic period, at the end of the surgery, the isoflurane
vaporizer was switched off, the lever was converted to
bag mode, and the patient spontaneously breath with
a tidal volume > 5 ml/kg, reversal agent was mixed
of (0.04 mg/kg neostigmine with 0.02mg/kg atropine
and diluted with 10 ml normal saline and given when
a train of four ratios (TOFR) reaches between > 0.7 or
< 0.9, and extubation was done immediately.

Postoperative evaluation and measurement. Patients
were transferred to the recovery room, classic monitor-
ing was attached and, oxygen was administered using a
simple face mask; otherwise, most of our patients were
ON room air.

When the participants arrived at the recovery room
(10 minutes after giving reversal agent), OAA/SS was
assessed, the grip strength with the same dominant
hand was reassessed, MAS, as well as clinical evaluation
such as sustaining head and leg, lifting for 5 seconds
at the following interval times 10 (arrival), 20, 30, 40
and 50 minutes after giving a reversal.

The time interval between initiating anesthesia and
tracheal extubation is known as the duration of an-
esthesia, while the time frame from the induction of
anesthesia until the skin’s closing was considered the
duration of the surgery.

Statistical methods. An Excel document was created
once all the data was obtained, to determine whether
or not there were differences between the research vari-
ables, independent t-test analysis was used to compare
the two variables of the study, and the analyses run
with the Statistical Package of Social Sciences (SPSS)
Version 27 software program (SPSS Inc., Chicago, II-
linois, United States). The percentage of the grip
strength recovery at different times of giving reversal

was calculated for each patient as:

Grip strength at different times of giving reversal

% = 100.

Grip strength before starting anesthesia

The threshold for statistical significance was estab-
lished at a P-value less than 0.05, indicating that differ-
ences with a probability of less than 5% were deemed
statistically significant.

Results

Concerning inclusion, and exclusion criteria, 180
(53%) patients from the 340 patients in the research
population comprise the entire sample. However, 120
patients were involved after 60 patients were dropped.
Sixty Patients in each group of the atracurium and ro-
curonium were finished performing the necessary test-
ing and analyzed (Figure).

Table 1 illustrates the distribution of patients based
on their demographics and surgery parameters. Sixty
patients were given atracurium and sixty had received
rocuronium. The patients’ ages ranged from 20 to 49
years and their body mass index ranged 18-30 kg/m?.
Both groups’ sex, age, and BMI distributions were com-
parable. However, ASA, time to MAS > 8 after reversal
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Research population

(N=340)

Assessed for eligibility after inclusion and exclusion
criteria (N=180 (53%))

v

v

The overall number of patients dropped = 60

(17) Patients were unable to complete the post-
operative grip test.

(15) Patients have received the second dosage
of the muscle relaxant.

(22) Patients have an OAA/SS < 5 at arrival to the
recovery room.

(6) Patients with surgery extent more than 1 hour

Randomized

(N=120)

!

Assigned to receive Rocuronium (N=60)

A4
Analyzed (N=60)

Research flowchart

Table 1. Patient characteristics

!

Assigned to receive Atracurium (N=60)

!

Analyzed (N=60)

Variables Atracurium group Rocuronium group P-value
Sample size 60 60 -
Age, yr 34.73+8.72 34.57 +8.85 0.917 ns
BMI, kg/m2 25.60 +4.03 25.49+2.73 0.855 ns
The sex ratio of male/ female 32/28 36/24 0.461
Duration of surgery (min) 29.43 +£10.91 30.40 £ 11.00 0.630 ns
Duration of anesthesia (min) 37.78 £12.45 41.10+£12.43 0.147 ns
ASA (/1) 37/23 4119 0.686
Time to MAS > 8 after reversal agent (min) 17 (10-30) 18.33 (10-30) 0.335

N ote. Data are expressed as mean * standard deviation (SD) or number (N). No significant differences (ns). BMI - Body mass index, ASA — American

Society of Anesthesia, MAS — modified Alderete score.

agent, the duration of surgery, and anesthesia were simi-
larly comparable across the two groups, p-value > 0.05.

Participants could follow instructions when they ar-
rived at the recovery room, Observer’s Assessment of
Alertness/Sedation Scale OAA/SS = 5. Table 2 dem-
onstrated the comparison of grip strength at baseline
and 50 minutes after giving the reversal agent with
10-minute intervals in both atracurium and rocuronium
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groups. The baseline and the first ten minutes after giv-
ing reversal showed no significant differences between
groups, p-value > 0.05. Whereas for the remaining
40 minutes, there were substantial differences in the
group that received atracurium as compared with the
group that received rocuronium, with p-value > 0.05,
the atracurium group showed a rapidly rising percent-
age of grip strength compared with rocuronium.
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Table 2. Comparison between grip strength Kg (%) at baseline, arrival, and 10-minute intervals in the recovery room in

the atracurium and rocuronium groups

Time (min) Atracurium Group Percentage of baseline Rocuronium group Percentage of baseline P-value
Baseline 32.62 £ 10.42 100 29.58 £ 6.94 100 0.062ns
10 (arrival) 4.8+0.88 14.7 3.77 £ 0.66 12.7 0.236ns
20 8.75+0.99 26.8 6.75+0.80 22.8 0.042*
30 13.6 £1.43 1.7 9.61+0.83 32.5 0.0001**
40 17.76 £ 1.83 54.4 12.61+£0.95 42.6 0.0001**
50 21.45+1.83 65.7 16.08 + 1.11 54.3 0.0001**

N ote: Data are expressed as mean + standard deviation, ns = non-significant, * = significant at p < 0.05, ** = significant at p < 0.01, independent t-test.

Table 3. Clinical symptoms of muscle recovery in the recovery room in both atracurium and rocuronium groups

Sustaining head lift for 5 seconds Atracurium group Rocuronium group P-value
10 min (arrival) 15 (25) 14 (23.3) 0.831
20 min 50 (83.3) 39 (65) 0.021
30 min 59 (98.3) 57 (95) 0.327
40 min 60 (100) 60 (100) -
50 min 60 (100) 60 (100) -
Sustaining leg lift for 5 seconds - -
10 min (arrival) 46 (76.7) 25 (41.7) 0.015
20 min 55 (91.7) 45 (75) 0.014
30 min 58 (96.7) 53 (88.3) 0.083
40 min 60 (100) 59 (98.3) 0.315
50 min 60 (100) 60 (100) -

N ote: Data are expressed as n (%) patients have positive clinical tests. ns = non-significant, * = significant at p < 0.05, Chi-squared test.

Table 4. Grip strength (%) at different times after injection of atracurium or rocuronium and reversal agent

Time after giving reversal Atracurium grip strength Time after the Atracurium Rocuronium grip strength | Time after the Rocuronium
(min) (%) injection (min) (%) injection (min)
Baseline 100 - 100 -
10 (arrival) 14.7 47 12.7 51
20 26.8 57 22.8 61
30 41.7 67 325 71
40 54.4 77 42.6 81
50 65.7 87 54.3 91

N ote: Data are expressed as % of grip strength and time in minutes.

The parameters of the clinical test were monitored
in the atracurium and rocuronium groups during the
recovery room stay are listed in Table 3. Repeated
evaluation of the clinical test showed that five-second
head lifts against gravity in the atracurium group were
comparable as compared with rocuronium in 10 (ar-
rival), 30, 40, and 50 minutes after giving reversal with
insignificant differences between them, p-values more
than 0.05 except 20 minutes, 50 cases in the atracurium
group were able to sustain head lift for 5 seconds while
only 39 in the rocuronium group, p-value less than 0.05.

There were significant differences regarding sus-
tained leg lift for 5 seconds upon arrival to the recovery
room (10 minutes after giving reversal), and 20 minutes
later between atracurium and rocuronium groups with
p-value < 0.05. Otherwise, the remaining 30 minutes
in the recovery room showed no significant differences
between both groups with p-value > 0.05.

Table 3, shows the grip strength percentage through
50 minutes after giving the reversal agent, simultane-
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ously we recorded the time interval from the injec-
tion of either atracurium or rocuronium until the last
10 minutes of our recording data in the recovery room.

Discussion

The current study was conducted in the context of
daily routine practice, which investigated the use of
the hand dynamometer device to evaluate the return of
muscle power in the recovery room after administrating
a single intubation dose of atracurium or rocuronium
in patients under laparoscopic surgery at two-center
study in the city of Najaf- Iraq.

In the present research, an objective forced hand dy-
namometer was used, which was described previously
as potentially a novel marker for assessing post-opera-
tive muscle recovery [18], also had a strong correlation
with TOF monitoring [31], while using a train of four
monitoring might be associated with machine limita-
tions, which reported the incidence of mild to severe
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pain at the post-anesthesia care unit [ 19, 30] alongside,
M. Grayling and B. P. Sweeney (2007) reported that
62% of anesthesiologists never use the neuromuscular
monitor for the estimated level of block [9].

Generally, with no comparable previous research
found, our results confirmed neuromuscular recovery
was faster in the atracurium group than the rocuronium
group after administering a neuromuscular antagonist
(neostigmine) using grip strength measurement. In the
past numerous results [2, 7, 16, 37] supported our finding
concerning the uses of neuromuscular monitoring (TOF
monitoring), reporting that rocuronium was associated
with post-residual paralysis (less TOF ratio) than atra-
curium over time in the recovery room, this might be as
a result of two neuromuscular block agents metabolize
through essentially different pathway [17, 38].

The three main criteria for discharging a patient
from the recovery room are the modified Alderete score
(MAS) > 8, TOF > 0.9, and a positive clinical test [28,
33]. In the current study, in the last 30 minutes of our
time recording, the MAS was between 8-10 scores.
No previous studies have reported the time needed
to obtain the TOF ratio > 0.9 after a single intuba-
tion dose of atracurium and rocuronium. In Table 3,
we determined the time from the start of injection of
atracurium or rocuronium until the last 10 minutes of
reporting data in the recovery room including 50 min-
utes’ grip strength recording after giving reversal. In
the paper of Murphy, S. Glenn et al. found that the time
to obtain TOF > 0.9 in young adult patients who re-
ceived rocuronium is 62.5 minutes [25], M. E. Sfeir said
that the total recovery time TOF > 0.9 was 63 range
from (51.1 to 74.5) in patients receiving rocuronium
and total intravenous anesthesia, A. Milan concluded
that the total recovery time TOF > 0.9 in both gen-
ders was 71 range from (51-91) minutes in patients
received rocuronium with total intravenous anesthesia
[22]. Both, N. Baykara et al. (2010) and F. N. C. Santos
et al. (2017), studies found that the recovery time
(TOF = 0.9-1.0) was about 90 minutes with either
volatile agent or total intravenous anesthesia [4, 34].

In the study of W. T. Nell et al. (2004) manifested that
the time to obtain TOF ratio = 0.9 was almost 60 minutes
in patients under atracurium anesthesia [28], E S. Xue
et al. (1999) informed that the total duration of atra-
curium extends to 75.8 minutes [39], C. McCaul. et al.
(2002) demonstrate that the atracurium action duration
to obtain TOF equal to 0.9 prolong to 77 minutes [21],
C. Motamed et al. (2005) provided that the time need to
acquire TOF ratio 90% with atracurium and isoflurane
anesthesia might be extended to 57 minutes [23]. All
these previous studies in both atracurium and rocuronium
describe the exact time from the last dose (not a single
intubation dose) until full recovery TOF ratio > 0.9.

Regarding the previous studies, we found that the
mean time to obtain the TOF ratio > 0.9 was 71.6 min-
utes in the rocuronium agent, and 67.4 minutes in the
atracurium agent. In our study, in the atracurium group,
30 minutes after giving reversal (67 minutes after injec-
tion of atracurium), the grip strength was about 41.7%,
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while in the rocuronium group, 30 minutes after giv-
ing reversal (71 minutes after injection of rocuronium),
the grip strength was about 32.6%. To follow a more
conservative approach, we believe in taking the high-
est value as a cutoff point = 42% of grip strength from
baseline in both groups.

T. Fuchs-Buder et al. (2010) said that after admin-
istering 10 to 30 mcg/kg of neostigmine, none of the
patients experienced a drop in their TOF ratio. In our
study, we administered 40mcg/kg neostigmine [14].

However, even when the TOF ratio exceeds 0.9, clin-
ical examinations such as tongue depressor or head lift
tests must be carried out [10]. Fortunately, in the cur-
rent study, we provided a clinical test of sustained head
and leg lift for 5 seconds, which both have a specificity
of 0.88 and 0.84 respectively, with week sensitivity of
0.19 and 0.25 [6].

The incidence rate and severity of symptoms of
muscle weakness were increased in the recovery room
in patients with TOF ratio of less than 0.9 [24]. In the
presented research, 30 minutes after giving reversal,
most cases could sustain head and leg lifts for 5 seconds
in both study groups.

The inadequacy of handgrip strength after tracheal
extubation has been recognized as an indicator of func-
tional impairment [3], 50 minutes after giving reversal,
the grip strength in our study was 65.7% from baseline in
the atracurium group, which is similar to a study report-
ed by P. Ch. Rama Krishna et al. (2022) [18]. However,
the grip strength in the rocuronium group was 54.3%
from baseline, which is lower than the grip strength re-
ported by the study of D.-Q. P. et al. (2019) [31], the
reason might be explained by the use of total intravenous
anesthesia rather than inhalational anesthesia.

The hand dynamometer grip strength test has many
limitations. Firstly, it cannot be used on pediatric pa-
tients. Secondly, patients undergoing surgical proce-
dures may experience difficulties with the test. Lastly,
patient cooperation is required.

Conclusion

With a single intubation dose for a short surgical pro-
cedure, atracurium is associated with rapid muscle re-
covery when compared with rocuronium by measuring
grip strength using an electronic hand dynamometer.

Approximately 42% of grip strength will return from
baseline by holding the patients for 20 minutes in the
recovery room (30 minutes after giving reversal) in the
atracurium group, and 30 minutes (40 minutes) in the
rocuronium group.

A clinical test was less effective in measuring post-op-
erative muscular weakening than grip strength test us-
ing hand dynamometer

Recommendations.

1. Further studies are needed with a large sample
size to avoid the weakness of our study

2. Hand dynamometer monitoring device can be
used as an additional tool for safe discharge from the
post-anesthesia care unit.
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3. Combinations of both objective hand dynamom-

eter and clinical test for assessed postoperative neuro-
muscular recovery are also suggested.

4. Moreover, studies are needed to prolong the fol-

low-up time with reported complication rates at differ-
ent grip strength values.
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