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Cortisol secretory patterns in deep and moderate
neuromuscular blockades in laparoscopic surgery
under total intravenous anesthesia

A prospective, single-blinded, randomized controlled trial

Jeongyoon Lee, MD#@®, Jihyun An, MD?", Dong Hwan Lee, MD?, Jihyang Lee, MD?, Eunju Kim, MD?,
Kyeongyoon Woo, MD?, Kyeong Hyo Kim, MD?

Background: Neuroendocrine stress response induces physiological changes depending on the type of surgery and anesth@
Although the optimal depth of neuromuscular blockade for reducing this response remains unknown, deep neuromuscular
blockade is known to improve the surgical environment. Therefore, we hypothesized that a patient’s stress response would be
lower in surgical procedures under deep neuromuscular blockade than under moderate neuromuscular blockade.

Methods: This prospective, randomized, single-blind study enrolled 72 patients who underwent laparoscopic gynecological
surgery under general anesthesia and were assigned to group D (deep blockade: target train-of-four O and posttetanic count > 1)
or group M (moderate blockade: target train-of-four count 1-3). The primary endpoints were changing patterns in cortisol and
adrenocorticotrophic hormone levels; the secondary endpoints were patient outcomes, such as hemodynamic variables, serum
glucose level, postoperative pain in the postanesthesia care unit, and hospital stay.

Results: The baseline characteristics were comparable between the 67 patients included in the 2 groups (34 in group M
and 33 in group D). Cortisol and adrenocorticotrophic hormone levels increased perioperatively in both groups but without
significant intergroup differences. Serum glucose level increased perioperatively and decreased postoperatively, but without a
significant intergroup difference. Postoperative pain, fentanyl requirement in the postanesthesia care unit, and hospital stay were
also comparable.

Conclusions: Compared with moderate neuromuscular blockade, deep neuromuscular blockade improved the surgical
environment without significant intergroup differences in the hormonal stress response.

Abbreviations: ACTH = adrenocorticotrophic hormone, ASA = American Society of Anesthesiologists, BIS = bispectral index,
BMI = body mass index, ERAS = enhanced recovery after surgery, NRS = numeric rating scale, PACU = postanesthesia care unit,
TIVA = total intravenous anesthesia, TOF = train-of-four.

Keywords: adrenocorticotropic hormone, cortisol, enhanced recovery after surgery, laparoscopic surgery, neuromuscular block-
ade, rocuronium

1. Introduction

The stress response to surgery is a systemic reaction that
can induce metabolic, immunological, and neurohormonal
changes. A series of stress responses act on patients through
various mechanisms by increasing the levels of adrenocorti-
cotrophic hormone (ACTH), cortisol, and catecholamine as a
neuroendocrine reaction; proteolysis and hyperglycemia as a
metabolic reaction; and inhibition of the natural killer cell and
T-helper cell functions as an immunologic reaction.!!! These
endocrine disturbances are affected by the severity of sur-
gery,? type of surgery,’! and type of anesthesia.l**! Previous
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studies have investigated anesthesia methods that reduce stress
response. Studies have shown that stress response is lower in
total intravenous anesthesia (TIVA) than in sevoflurane anes-
thesia® and in regional anesthesia than in general anesthesia.!
However, few studies exist on the appropriate depth of neuro-
muscular blockade in relation to the stress response. Compared
with moderate neuromuscular blockade, deep neuromuscular
blockade improves surgical conditions and offers advantages
such as a better surgical visual field,”* reduced bleeding during
surgery,””) and reduced postoperative pain.'% Therefore, we
hypothesized that performing surgeries under deep neuromus-
cular blockade rather than moderate neuromuscular blockade
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could reduce the patient’s stress response. To this end, this
study investigated whether the maintenance of anesthesia
through deep neuromuscular blockade rather than moderate
neuromuscular blockade by utilizing neuromuscular monitor-
ing offered an advantage against the hormonal response of the
hypothalamic—pituitary—adrenal axis in the American Society
of Anesthesiologists (ASA) class 1 to 2 patients undergoing lap-
aroscopic gynecological surgery. The primary endpoints were
changes in cortisol and ACTH levels, and the secondary end-
points were patient outcomes such as hemodynamic variables,
neuromuscular recovery time, postoperative pain, serum glu-
cose level, surgeon satisfaction scores, and hospital stay.

2. Methods
2.1. Ethics

This prospective, randomized, single-blind study was approved
by ethics committee of Daegu Fatima Hospital (approval num-
ber: IRB DFH19MRIO385). After obtaining written informed
consent, 72 patients with ASA physical status 1 or 2, aged 20 to
70 years, and scheduled for laparoscopic gynecological surgery
were included in this study. The procedures were conducted in
line with the principles of the Declaration of Helsinki, 2013.

2.2. Study protocol

To reduce the number of variables pertaining to the surgical
method, the surgery was performed by 1 surgeon who was
blinded to the patients’ group allocation, and 1 anesthesiolo-
gist managed anesthesia from induction to emergence. The
exclusion criteria were diseases that affected the sympathetic
response and hormonal secretion, such as thyroid disease, renal
disease (creatinine level >1.5mg/dL), diabetes mellitus, history
of steroid or associated drug use, alcohol abuse, neuropsychi-
atric disease, and body mass index (BMI) of >25kg/m?. The
patients were randomly assigned to group D (deep neuromuscu-
lar blockade) or group M (moderate neuromuscular blockade)
using the closed envelope technique.

All surgeries were performed between 8:30 Am and 10:30
AM to reduce circadian variations in the levels of the circulating
stress hormone cortisol. Anesthesia was performed using TIVA
(target-controlled infusion of propofol, Marsh pharmacokinetic
model, and remifentanil, Minto pharmacokinetic model) under
blood pressure (using a 22-gauge radial artery catheter), heart
rate, electrocardiogram, oxygen saturation, bispectral index,
and neuromuscular monitoring (TwitchView Monitor, Blink
Device Company, Seattle, WA).

For electromyography-based neuromuscular monitoring,
stimulating electrodes were placed over the patient’s ulnar nerve
and sensing electrodes were placed over the adductor pollicis
muscle and first dorsal interosseus muscle. Before neuromus-
cular blockade induction, calibration was performed. Train-of-
four (TOF) count and posttetanic count were measured every 5
minutes during anesthesia.

After the loss of consciousness, patients in each group were
administered rocuronium intravenously (0.6 mg/kg [moderate
neuromuscular blockade] to 1.2mg/kg [deep neuromuscular
blockade]). Endotracheal intubation was performed when the
TOF count reduced to 0 in both groups.

During surgery, the TOF counts of 1 to 3 in patients with
moderate neuromuscular blockade and TOF count of 0 and
posttetanic count of 21 in patients with deep neuromuscu-
lar blockade were maintained by intravenous administration
of bolus rocuronium (5-10mg). Moreover, when additional
administration was requested by the operator, the number of
times was recorded.

The propofol dose was adjusted to maintain the bispec-
tral index value at 40 to 60. Intraoperative mean arterial
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pressure was maintained within 60 to 110mm Hg and 30%
of the baseline. Hypotension or hypertension was defined as
out of range. If hypotension or hypertension persisted for >5
minutes, phenylephrine (100 pg/mL) or nicardipine (1 mg/mL)
was administered. At emergence, neuromuscular blockade in
groups M and D were reversed with 2 and 4 mg/kg sugamma-
dex, respectively. Extubation was performed when conscious-
ness and spontaneous respiration were sufficient under TOF
monitoring. Recovery time was recorded by measuring the time
interval between sugammadex administration and extubation.
After transfer to the postanesthesia care unit (PACU), fentanyl
was used for pain control, and if the postanesthesia recovery
score was 9 or higher, the patient was discharged. Arterial blood
sampling was performed 3 times: before surgery (TO: base-
line), at the end of surgery (T1), and 1.5 hours after surgery
(T2). After surgery was completed, the surgeon, blinded to the
patients’ group allocation, evaluated the condition of the sur-
gical field using a numeric rating scale (NRS) ranging from 1
to 10 points (1 point: poor; 10 points: great). Cortisol, ACTH,
and serum glucose levels were measured using laboratory tests.
Hemodynamic variables, estimated blood loss, recovery time
from neuromuscular blockade, postoperative pain (NRS score),
hospital stay, and mortality were also recorded as postoperative
outcomes.

2.3. Statistical analyses

The appropriate sample size was calculated by defining the
level of statistical significance as 0.05, a as 0.05, and f as 0.2
using the F test of G¥*power (www.psycho.uni-duesseldorf.de/
abteilungen/aap/gpower3, Germany, version 3.1.9.4) based on
the cortisol levels measured in a pilot study. The mean cortisol
levels in groups D and M were 20 and 25 pg/dL, respectively,
and the standard deviation was 7. The sample size calculated
based on an effect size of 0.357 was 32 persons in each group.
After considering a possible dropout rate of 10%, we included
36 persons in each group.

Statistical analyses were performed using IBM SPSS Statistics
for Windows, version 21.0 (IBM Corp., Armonk, NY). Student
t test was performed for between-group comparisons of age,
weight, height, anesthesia time, operation time, rocuronium
dose, remifentanil dose, propofol dose, sugammadex dose, fen-
tanyl dose in the PACU, hospital stay, and fluid input and out-
put. The Mann-Whitney U test was performed to evaluate the
NRS score of the surgical site and the surgeon satisfaction score
of the surgical field. Repeated-measures analysis of variance
with Bonferroni correction for multiple comparisons was used
to assess heart rate, mean blood pressure, serum glucose level,
serum cortisol level, serum ACTH level, and serum ACTH-to-
cortisol ratio.

3. Results

The demographic and clinical characteristics of the patients are
summarized in Tables 1 and 2. In total, 72 patients were included
in the study and 2 patients in group M were excluded because
their surgery was switched from laparoscopic surgery to open
surgery. In addition, 2 patients were excluded because they were
classified as having ASA class 3 and 1 patient because of a BMI
of 230kg/m?2. Therefore, the study results were analyzed for 67
patients: 34 in group M and 33 in group D (Fig. 1). No signif-
icant differences were observed in the baseline characteristics
such as age, height, weight, BMI, ASA score, and surgery type
between the 2 groups. The doses of propofol and remifentanil
administered to maintain anesthesia were also similar between
the groups. Although a significant difference was observed in
the dose of rocuronium used for each target depth of neuromus-
cular blockade, no difference was found in the recovery time
taken for neuromuscular blockade reversal using sugammadex.
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Demographic and clinical characteristics of all the enrolled patients.

Moderate blockade (n = 34) Deep blockade (n = 33) Pvalue

Age (yr) 442 +9.7 40.7 £9.35 14
Height (cm) 160.6 = 4.8 160.6 + 6.2 .97
Weight (kg) 59.5+82 59.0+11.8 .84
ASA physical status (1/2/3) 14/20/0 14/19/0 .92
Type of surgery 52

Hysterectomy (n) 11 7

Myomectomy (n) 13 14

Cystectomy (n) 8 11

Salpingo-oophorectomy (n) 2 1
Anesthesia time (min) 115.09 + 29.86 103.61 + 27.71 11
Operation time (min) 72.85 + 25.82 60.74 + 23.59 .05
Recovery time(min) 112.09 + 68.16 134.97 + 62.86 .16
Rocuronium dose (mg) 52.94 +21.84 76.26 + 22.18 .000
Remifentanil dose (ug) 562.40 + 320.90 528.20 + 220.10 .61
Propofol dose (mg) 857.00 + 252.33 786.76 + 259.47 .27
Hypertension (n) 4 2 43
Hypotension (n) 1 1 1.00
Additional rocuronium administration (n) 8 0

Values are mean = SD or numbers of patients (n).
ASA = American Society of Anesthesiologists, SD = standard deviation.

Demographic and clinical characteristics of the patients in
groups M and D.

GroupM(n=34) GroupD(n=33) Pvalue

Estimated blood loss (mL) 50.90 + 61.37 37.06 + 46.77 .30
Surgical pain (NRS) 5(.5,7) 5(3,6) 21
Fentany! dose in PACU (ug) 90.30 + 19.60 82.35 +27.20 a7
Satisfaction of surgeon 5(4,5) 5(5,6) 001
Hospital stay (d) 5(5,5) 5(5,5) .81

Values are presented as mean + SD and median (Q1, Q3).

Group D = deep neuromuscular blockade, Group M = moderate neuromuscular blockade, NRS =
numerical rating scale scores (1-10; 1 = poor, 10 = good), PACU = postanesthesia care unit, SD
= standard deviation.

*Surgeon’s satisfaction with the surgical field was higher in group D than in group M.

Cortisol and ACTH levels were higher at T1 (end of surgery)
and T2 (1.5 hours after surgery) than at TO (before surgery) in
both groups, but no significant difference was observed between
the 2 groups (Fig. 2). Serum glucose level increased during sur-
gery (T1) and decreased after surgery (T2), but no significant
intergroup difference was observed (Fig. 2). After surgery, the
surgical site pain NRS scores and fentanyl requirement in the
PACU were comparable between the groups, and no intergroup
difference was observed in hospital stay. However, additional
administration of neuromuscular blocking agents at the sur-
geon’s request or sudden patient movement during surgery was
significantly more frequent in group M than in group D (8/34
vs 0/33). Furthermore, after surgery, the surgeon’s satisfaction
with the surgical field was better in group D than in group M
(P <.001).

4. Discussion

The present study showed that deep neuromuscular blockade
and moderate neuromuscular blockade had comparable effects
on the stress response in patients undergoing laparoscopic
gynecological surgery, but deep neuromuscular blockade had
an advantage in improving the surgical environment. Stress
response induces endocrine disturbances in patients undergoing
surgery and is associated with patient outcomes. The Enhanced
Recovery After Surgery program has also attempted to reduce

stress response to improve patient outcomes."'2I According to
a previous study, stress response was lower with TIVA using
propofol than with sevoflurane anesthesia, with significantly
decreased ACTH, cortisol, and growth hormone levels.’! In
addition, in laparoscopic cholecystectomy, spinal anesthesia
resulted in lower serum cortisol levels than general anesthe-
sia,!’l and deep propofol anesthesia was advantageous over light
anesthesia.!"3!

Studies on deep neuromuscular blockade have reported
improved surgical visual fields,”® reduced intraoperative
bleeding,””’ and reduced postoperative pain.”!°! Therefore, we
expected that if deep neuromuscular block offers an advantage
in the surgical procedure, it could reduce stress response and
improve patient outcomes. ACTH and cortisol levels reflect
the degree of stress during surgery,!'*!5! and cortisol levels are
maximum after surgery.!'!” Cortisol and ACTH levels particu-
larly increased during the reversal and recovery phases of anes-
thesia, but not during surgical manipulation, suggesting that
stress response may be more closely related to anesthesia than
to the surgery itself."? In this study, ACTH and cortisol levels
increased as the surgery progressed, but no significant differ-
ence was found between groups D and M. These results suggest
that neuromuscular blockade is not a major factor for stress
response. Therefore, maintenance of general anesthesia through
moderate neuromuscular block is sufficient considering stress
response.

Serum glucose level is also related to surgical infection and
mortality after surgery, one of the main factors considered in
the Enhanced Recovery After Surgery program, regardless of the
presence or absence of diabetes.!'"!2l Moreover, serum glucose
level is closely related to the cortisol level, and surgical stress
can induce insulin resistance and hyperglycemia by promot-
ing blood sugar production.!!! Furthermore, a previous study
revealed that deep propofol anesthesia had an advantage over
light propofol anesthesia in glycemic control.['¥] Although both
study groups showed a tendency toward an increase in serum
glucose levels as the surgery progressed, no significant difference
was found in glucose levels between the 2 groups. Nevertheless,
because patients with diabetes were excluded from this study,
further studies including patients with a history of diabetes, who
are more affected by blood sugar control during surgery, are
warranted to confirm these findings.

Previous studies have also reported that deep neuromuscu-
lar blockade reduces postoperative pain to a greater level than
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Figure 1. Flow diagram showing patient flow according to the study protocol. ASA = American Society of Anesthesiologists, BMI = body mass index.

moderate neuromuscular blockade.”'® However, in this study,
we observed no significant difference between the 2 groups
in terms of postoperative pain score and the dose of opioids
administered for analgesia in the PACU, and no significant dif-
ferences were observed in hospital stay.

Considering the surgeon’s satisfaction with the surgical field,
group D had significantly higher scores than group M. The pres-
sure of the abdominal cavity (pneumoperitoneum) was equally
applied at 12mm Hg in both groups, and it was expected that
an appropriate surgical visual field would be secured; how-
ever, differences still existed in the surgeon’s satisfaction with
this field. The average operation time was approximately 10
minutes shorter in group D than in group M. Therefore, deep
neuromuscular blockade can be considered to improve the sur-
gical environment. Nevertheless, these effects did not reduce
the stress response. Moreover, Koo et al!'®! reported no signifi-
cant difference in the levels of inflammatory mediators such as
interleukin-6, tumor necrosis factor-a, and C-reactive protein in
gastrectomy performed under deep neuromuscular blockade or
moderate neuromuscular blockade.

This study has several limitations. The stress response is
influenced by various factors. Although several variables were
controlled for in this study, there may be other factors that
were not thought to be affected by physiological and exter-
nal factors. In addition, no standardized indicator to measure
the stress response due to surgery is currently available, and
in this study, it was investigated at the hormonal level that
can induce physiological changes. Cortisol and ACTH levels
were measured only at a specific time point owing to circadian
variations in their levels, and a particular trend could be con-
firmed, but a possibility exists that the hormonal change was

underestimated because the baseline (TO) levels measured in
the morning were relatively high. Although no significant dif-
ference was observed in the classification of surgeries, patients
in group D underwent a relatively simpler and less time-con-
suming ovarian cystectomy, which may have influenced the
interpretation of the results. In addition, during the study, we
closely monitored the neuromuscular blockade so that mod-
erate neuromuscular blockade could be maintained more
thoroughly than in actual clinical practice. In clinical settings,
frequent additional administration of neuromuscular blocking
agents may be required, and the patient’s stress response would
likely be higher. Furthermore, we only checked the values at
3 disconnected time points, and no long-term follow-up was
performed. Hence, the interpretation of the results is limited. If
the results are analyzed through long-term follow-up at more
continuous time intervals, more meaningful results regarding
patient outcomes may be obtained.

In conclusion, although deep neuromuscular blockade can
improve the surgical environment, its benefits on the stress
response could not be confirmed. Therefore, moderate neuro-
muscular blockade performed under appropriate neuromus-
cular monitoring could reduce the costs associated with deep
neuromuscular blockade. These findings highlight the need for
further research on the depth of neuromuscular blockade in
more large-scale and long-term studies.
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Figure 2. Comparison of stress hormone and glucose levels between the
moderate and deep neuromuscular blockade groups. (A) Changes in serum
cortisol levels. (B) Changes in serum ACTH levels. (C) Changes in serum glu-
cose levels. ACTH = adrenocorticotropic hormone, Group D = deep neu-
romuscular blockade, Group M = moderate neuromuscular blockade, TO =
before surgery, T1 = end of surgery, T2 = 90min after the surgery. 'P < .01
compared with TO within group. *P < .01 compared with T1 within group.
SP > .05 between 2 groups.
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