
significantly longer RFS following surgical resection in patients with stage I 
NSCLC with preoperative SA levels ≥ 3.5 g/dl than in patients with docu-
mented hypoalbuminemia (SA < 3.5 g/dl, P = 0.008), and notably, the 
study by Seo et al. [1] also included the early-stage malignancies. 

Second, outcome prediction literature has also delineated the merits of 
composite immuno-nutritional profiling in oncology. In this context, a 
meta-analysis conducted by Peng et al. [4] that included a pooled analysis 
of 11 studies (3,029 patients) evaluating the effect that controlling patients’ 
nutritional status pre-treatment (Controlling Nutritional Status [CONUT] 
score computed using SA, total cholesterol, and lymphocyte count) had 
on NSCLC prognosis has attracted attention. A major finding of this me-
ta-analysis was the correlation between a high CONUT score and poor 
OS and shortened disease-free survival (DFS) or RFS (hazard ratio [HR], 
95% CI: 1.63, 1.40, 1.88 and 1.65, 1.35, 2.01; P <  0.001) [4]. Moreover, the 
CONUT score continued to predict poor OS in the subgroup analysis, re-
gardless of the treatment modality (surgical or non-surgical). The fact that 
9 out of 11 of the studies employed surgical resection as the central treat-
ment modality is worth mentioning, as the study conducted by Seo et al. 
was limited to patients undergoing curative resections [1,4]. 

Lastly, it is equally difficult to overlook the prognostic implications that 
patient frailty has on surgical outcomes, particularly in early-stage can-
cers, as Shaw et al. [5] have emphasized. We hope that this discussion will 
motivate well-designed future research aimed at further clarifying the 
links between anesthetic immunomodulation and oncological outcomes. 
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General anesthesia using remimazolam and 
remifentanil in combination with local 
anesthetics without neuromuscular blocking 
agents in a patient with myotonic dystrophy

Patients with myotonic dystrophy (MD) have greater sensitivity to 
general anesthetics and neuromuscular blocking (NMB) agents; there-
fore, critical issues associated with general anesthesia have been re-
ported, such as delayed emergence from anesthesia and postoperative 
cardiovascular and respiratory complications [1]. As volatile anesthet-
ics may induce malignant hyperthermia in patients with MD [2], total 
intravenous anesthesia (TIVA) is commonly used for general anesthe-
sia in this patient population. However, propofol, which is commonly 
used in TIVA, may induce delayed emergence from anesthesia and re-
spiratory depression even at low maintenance doses in this population 
[1,3]. Morimoto et al. [3] reported that the effect-site propofol concen-
tration at which patients with MD recovered from anesthesia was low-
er than the institutional average for healthy adults, suggesting that sen-
sitivity to propofol might be higher in patients with MD. 

Remimazolam is a benzodiazepine receptor agonist that was ap-
proved as a general anesthetic in Japan in 2022. This ultrashort-acting 
anesthetic can produce hemodynamic stability with a fast onset and 
offset and can be fully antagonized with flumazenil. Herein, we report 
the successful anesthetic management of a patient with MD using 
remimazolam and remifentanil with local anesthetics, without NMB 
agents, as a preventive measure for delayed emergence from anesthe-
sia and postoperative respiratory failure. Written informed consent 
was obtained from the patient for publication of this case. 

A 59-year-old man with a one-year history of MD was scheduled 
to undergo temporomandibular joint arthroplasty. His MD symp-
toms included eyelid dropping, mild anarthria, and mild lower-ex-
tremity muscle weakness. He was also diagnosed with a complete 
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atrioventricular block and had subsequently undergone pacemaker 
implantation. The pacemaker was set in the DDD mode at 80 beats/
min. Preoperative pulmonary function test results revealed values at 
the lower limit of normal. The routine preoperative tests showed no 
other abnormal findings. Considering the possibility of malignant 
hyperthermia induced by volatile anesthetics, aberrant sensitivity to 
NMB agents [1,2], and sensitivity to the respiratory depressant effects 
of propofol and opioids [1,3,4] in patients with MD, we planned to 
use TIVA with remimazolam and remifentanil, which are ultrashort 
acting and supplementary local anesthetics, without NMB agents, to 
reduce the risk of delayed emergence from anesthesia and postopera-
tive respiratory insufficiency. 

We administered 10 mg/kg/h of remimazolam and 0.35 µg/kg/min 
of remifentanil for approximately 3 min until the patient was unre-
sponsive to verbal commands and his bispectral index (BIS) was be-
low 60. After establishing adequate mask ventilation, we confirmed 
that the intubating condition was excellent and subsequently per-
formed nasal intubation successfully without body motion using a 
McGRATH® MAC laryngoscope (Covidien, Medtronic Inc., Japan). 
After nasal intubation was successfully completed, an infusion dose 
of remimazolam at 1.0 mg/kg/h was initiated. During surgery, we ad-
ministered a continuous infusion of remimazolam (0.6–1.0 mg/kg/h) 
and remifentanil (0.3–0.35 µg/kg/min) to maintain adequate anesthe-
sia depth (BIS <  60) and stable hemodynamics. Additionally, the sur-
geons injected 2% lidocaine into the surgical site during surgery for 
analgesia. We maintained the core body temperature over 36.0°C us-
ing a forced-air warming system to prevent the patient from shivering 
after emergence from anesthesia. We stopped the infusion of all anes-
thetics approximately 10 min before termination of surgery because 
of the patient’s low BIS. At the end of the surgery, in addition to the 
intravenous administration of 1,000 mg of paracetamol, 20 ml of 
0.375% ropivacaine was injected bilaterally into the surgical sites to 
ensure postoperative analgesia. Approximately 3 min after the termi-
nation of surgery, the patient was responding to verbal commands 
with sufficient spontaneous breathing. Subsequently, flumazenil (0.5 
mg) was administered to boost emergence from anesthesia, and the 
patient was immediately extubated uneventfully (Fig. 1). During sur-
gery, no bolus administration of remimazolam or remifentanil was 
required, and the total consumption of remimazolam and remifent-
anil was 128 mg and 4.1 mg, respectively. The surgeons were satisfied 
with the condition of the surgical sites and muscle relaxation was 
considered adequate. The patient did not complain of pain and the 
postsurgical course was uneventful. After rehabilitation, the patient 
was discharged on postoperative day 15. 

Patients with MD can develop critical complications after general 
anesthesia, such as prolonged recovery from anesthesia and postoper-
ative respiratory failure [1]. Previous to this case, we had encountered 
a patient with MD who developed delayed postoperative respiratory 
failure three days after open cholecystectomy under general anesthesia 
with propofol-based TIVA, and neuromuscular blocks were fully re-

versed with sugammadex [1]. Compared to propofol, which can in-
duce prolonged emergence from anesthesia and respiratory depression 
in patients with MD [1,3], the benefits of remimazolam include ultra-
short-acting features, a less pronounced muscle relaxant effect, less cir-
culatory depression, and the availability of flumazenil to fully reverse 
the anesthetic effect [5]. Thus, remimazolam appears to be more ap-
propriate for patients with neuromuscular disease with aberrant sensi-
tivity to general anesthetics, especially because delayed emergence 
from anesthesia can be avoided using the antagonist flumazenil. 

In this case, we decided not to use non-ultrashort-acting opioids 
(e.g., fentanyl or morphine) or N-methyl-D-aspartate receptor antag-
onists (e.g., ketamine) for postoperative analgesia to avoid possible 
postoperative respiratory depression. Instead, we used local anesthet-
ics at the surgical sites and intravenous paracetamol. This appeared to 
have less of an effect on the postoperative respiratory condition of this 
patient while also providing sufficient postoperative analgesia. De-
pending on the surgical procedure, in addition to local anesthetic in-
filtration at the surgical sites, peripheral and central nerve blocks can 
also be used instead of non-ultrashort-acting opioids for analgesia 
under general anesthesia with remimazolam and remifentanil in pa-
tients with neuromuscular disease to avoid delayed emergence from 
anesthesia and postoperative respiratory insufficiency. 

In conclusion, general anesthesia using remimazolam and remifen-
tanil in combination with regional anesthesia may be a better option 
for patients with MD to reduce the risk for delayed emergence from 
anesthesia and postoperative respiratory insufficiency.  
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