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Abstract 

Introduction: Wooden chest syndrome or opioid induced thorax wall rigidity, presents a serious challenge 
during anesthesia in patients with adiposity-based chronic disease. This study aims to investigate the impact of 
remifentanil TCI and sufentanil TCI on airway pressures during laparoscopic gastric banding in obese patients.
Methods: During the first analysis of the original data De Baerdemaeker L. et al 1 , a statistical significant 
difference in mean peak airway pressure between remifentanil TCI and sufentanil TCI was observed. This study 
was a post-hoc analysis with detailed analysis of airway pressures at defined timepoints. Thirty-six patients 
were randomly allocated to receive remifentanil TCI (Minto Model) or sufentanil TCI (Gepts model) during 
laparoscopic gastric banding surgery. 18 patients were allocated to each group. Two patients in each group 
were excluded due to missing data. All patients received propofol, rocuronium 0.9 mg.kg-1 ideal body weight 
during induction, anesthesia was maintained using BIS guided desflurane. Airway pressures were measured 
before (T1), during (T2), and after pneumoperitoneum (T3). Independent samples t-test was used for statistical 
analysis between groups and paired t-test for within group analysis. 
Results: No statistically significant difference in peak - and plateau ventilation pressures was observed between 
the remifentanil and sufentanil groups throughout the surgical procedure. Both opioids exhibited similar effects 
on airway pressures before (T1), during (T2) and after pneumoperitoneum (T3). 
Discussion and Conclusion: There is no significant advantage in selecting remifentanil over sufentanil in terms 
of ventilation pressures during laparoscopic gastric banding. The concurrent administration of opioids with 
muscle relaxants may mitigate the risk of opioid-induced rigidity, aligning with previous findings. Further 
research is warranted to elucidate optimal strategies for airway management in obese patients undergoing 
laparoscopic procedures.

Keywords: Sufentanil, remifentanil, respiratory failure, wooden chest syndrome, fentanyl-induced chest wall 
rigidity, opioids.

Introduction

Thorax wall rigidity, commonly known as 
“wooden chest syndrome,” is a rare but serious 
complication associated with opioid use. This 
condition can occur even at low doses of opioids 
and has been reported with various opioids 
including fentanyl, sufentanil, and remifentanil, 
among others. Typically, it manifests within 1-2 
minutes following opioid administration and may 
persist for 8-15 minutes. The onset of wooden 
chest syndrome is characterized by severe rigidity 

in the respiratory muscles of the chest wall, 
diaphragm, and upper airway, often leading to 
laryngospasm. This rigidity poses challenges for 
bag-mask ventilation and intubation, thereby 
compromising airway management. If not promptly 
and effectively managed, it can result in severe 
hypoxia and hypercarbia, ultimately leading to 
fatal outcomes. Notably, wooden chest syndrome 
has been documented in both clinical settings and 
instances of illicit opioid abuse. When occurring 
outside of a hospital environment, it is particularly 
perilous and frequently fatal. Thus, heightened 
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relaxation. A study conducted by Nakada J. et al. 
demonstrated that administering a muscle relaxant 
during anesthesia induction effectively prevents 
the onset of wooden chest syndrome16.

It’s worth noting that Choong et al. reported 
a higher incidence of chest rigidity with the 
use of remifentanil (3 mcg/kg) without curare 
compared to fentanyl (2 mcg/kg) combined with 
succinylcholine (20 mcg/kg)13. However, their 
findings did not reach statistical significance. 
These observations suggest a potential protective 
effect of curare administration against chest wall 
rigidity.

Additionally, a recent study by Oh YJ et al. 
also suggests a protective effect of administering a 
hypnotic agent before an opioid during anesthesia17.

Wooden chest syndrome seems to manifest 
even with low doses of fentanyl, sufentanil, and 
remifentanil2. Evidence suggests a dose-response 
relationship in the incidence of wooden chest 
syndrome18-20. 

Very few studies tried to compare the occurrence 
of wooden chest syndrome between opioids.

Zhao et al. compared propofol, propofol 
+ sufentanil and propofol + remifentanil. 
Significantly more patients developed thorax 
wall rigidity in the propofol + remifentanil group 
compared to the sufentanil + propofol group or 
propofol alone9. This suggests that remifentanil 
could be more prone to produce chest wall rigidity 
when compared to sufentanil9.

The aim of this RCT is to look for differences 
in airway pressures between equipotent doses 
sufentanil and remifentanil in patients with obesity 
undergoing laparoscopic gastric banding.

Methods

After Institutional Ethics Committee (Ghent 
University Hospital, Ghent, Belgium) approval, 
written informed consent was obtained from 
morbidly obese patients (BMI 35 kg/m²), aged 18 
– 70 years of age (ASA I – II status), under- going 
laparoscopic gastric banding. Exclusion criteria 
included diagnosed obstructive sleep apnoea 
syndrome, re-do surgery, history of drug abuse, 
use of β-blockers, significant cardiopulmonary 
disease, renal failure (serum creatinine 120 
mmol/L), abnormal liver enzymes (transaminases 
1.5 times normal values), or history of allergy to 
anaesthetics. All patients were operated on by the 
same team of surgeons, using the same surgical 
technique (Swedish Adjustable Gastric Band, 
Obtech Medical, Baar, Switzerland). Four 10 mm 
trochars and one 5 mm trochar were placed on a 
line 10 cm parallel to the costal border bilaterally 

awareness and effective management strategies are 
imperative for mitigating the risks associated with 
this syndrome1-4.

In various settings, diagnosing this syndrome can 
be challenging, as its presentation often resembles 
that of acute respiratory distress syndrome (ARDS) 
or laryngospasm. Treatment typically involves 
swift airway management, including intubation 
and ventilation, along with muscle relaxation. 
Additionally, discontinuation of opioids and 
administration of naloxone are essential components 
of therapy5,6. 

However, there is a documented case report 
where wooden chest syndrome occurred following 
administration of naloxone. This counter intuitive 
finding might be explained by the possible 
involvement of α1-adrenergic in the pathophysiology 
of wooden chest syndrome7,8.

Several studies indicate that the respiratory 
muscle rigidity induced by fentanyl is mediated 
by the activation of mu-opioid receptors in the 
locus coeruleus. This activation leads to increased 
noradrenergic outflow from the locus coeruleus 
by stimulating α1-adrenergic receptors in both the 
locus coeruleus and spinal cord8-10. 

Various risk factors predispose individuals to 
the development of wooden chest syndrome. These 
include extremes of age (such as newborns or the 
elderly), critical illness, underlying neurologic or 
metabolic disorders, and the use of dopaminergic 
medications11. Notably, infants and neonates 
are particularly vulnerable, as evidenced by 
several documented case reports of wooden chest 
syndrome in this population6,12-14. Remarkably, there 
is even a case report detailing neonatal wooden 
chest syndrome following the administration 
of remifentanil to the mother during a cesarean 
section12.

The true incidence of wooden chest syndrome 
remains elusive due to underreporting and 
misdiagnosis of this complication. Furthermore, 
there exists a significant disparity in the literature 
owing to variations in dosing regimens and the use 
of different opioids.

A study by Streisand et al. previously reported a 
noteworthy incidence of peripheral muscle rigidity, 
occurring in 50% of patients administered high-dose 
fentanyl monoanesthesia at 15 mcg/kg without the 
use of muscle relaxation. However, it’s important 
to note that this study focused specifically on 
peripheral muscle rigidity and did not specifically 
address wooden chest syndrome. Importantly, none 
of the 12 patients in this study developed thorax wall 
rigidity necessitating ventilation15. 

Most reports detailing wooden chest syndrome 
occurrences often do not involve the use of muscle 
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on the mid-clavicular line and anterior axillary 
line and paramedian of the umbilicus. None of the 
surgical sites was infiltrated with local anaesthetics. 
In all patients, CO2 insufflation was initiated at 
20 cmH2O and afterwards decreased to 15– 17 
cmH2O. Spirometry was standardized with each 
patient in a 30° head-up position.

One hour before surgery, all patients received 
ranitidine 150 mg p.o. Midazolam (2 mg) was 
given i.v. before placement of a catheter in the 
left radial artery, approximately 10 min before 
induction. Patients were pre-oxygenated by mask 
for 5 min in the supine position with oxygen 10 L/
min.

Heart rate (HR), invasive arterial pressure, 
SpO2 , capnography, spirometry, inspiratory, and 
end-tidal anaesthetic drug concentrations were 
measured continuously using an S5 monitor (Datex-
Ohmeda, Helsinki, Finland). BIS index(version 
4.0) was derived from the frontal EEG (At-Fpzt) 
and calculated by the A-2000 BIS Monitor using 
a BIS-XP Sensor (Aspect Medical Systems, Inc., 
Newton, MA, USA). The smoothening time of 
the BIS monitor was set at 15 s. All data were 
continuously recorded, using the RUGLOOP data 
manager.

Patients were randomly allocated to one of the 
two groups. In the remifentanil group (Group R), 
the remifentanil infusion was started 2.5 min before 
induction via a computer-assisted continuous 
infusion device (RUGLOOP II, Demed, Temse, 
Belgium) to an initial target plasma concentration 
of 4 ng/ml using a three-compartment model based 
on the Minto model21. 

In the sufentanil group (Group S), the sufentanil 
infusion was started 2.5 min before induction via 
a computer-assisted continuous infusion device 
(RUGLOOPII, Demed) to an initial target effect-

Table I. — There were no differences in demographic 
characteristics between pediatric subjects who received 
midazolam, dexmedetomidine (2µg/kg) or dexmedetomidine 
(4µg/kg) premedications.

site concentration of 0.2 ng/ml using a three-
compartment model based on the Gepts model22. 

Anaesthesia was induced with a bolus of 
propofol, administered at 300 ml/h until loss of 
consciousness (LOC). At LOC, rocuronium 0.9 mg/
kg of ideal body weight (IBW) was administered 
while applying cricoid pressure. The trachea was 
intubated 60 s later. The lungs were ventilated 
with a mixture of oxygen/air (FiO2= 50%) using 
an ADU ventilator (GE Healthcare, Helsinki, 
Finland). 

Tidal volume was set at 10 ml/kg IBW for 
volume controlled ventilation with 5 – 8 cmH2O 
PEEP. Respiratory frequency was adjusted to 
achieve an end-tidal CO 2 pressure of 4.0– 4.6 kPa. 
If required, FI O2 was adjusted to maintain oxygen 
saturation above 95%. After tracheal intubation, all 
patients received a prophylactic antibiotic dose of 
cefazoline 2 g i.v., propacetamol 4g, and diclofenac 
150 mg.

All patients received desflurane. Initial fresh gas 
flow (FGF) was 6 litre.min-1 with the vaporizer 
set at 6 vol% (desflurane). After 2.5 min, the FGF 
was lowered to 2 litre min-1 and the FD desflurane 
was targeted to maintain a BIS value between 45 
and 55. If the BIS value was <45 for >30 s, the FD 
desflurane was decreased by 25%. If BIS values 
exceeded 55 for >30 s, an ‘inhalation bolus of 
desflurane’ was administered3. The remifentanil and 
sufentanil administration was adjusted according to 
haemodynamic measurements. A baseline arterial 
pressure and HR were taken 5 min after tracheal 
intubation. Inadequate analgesia was defined as: 
rise in systolic arterial pressure (SAP) >15 mm Hg 
above baseline, HR > 90 beats/min in the absence 
of hypovolaemia, autonomic signs (e.g. sweating, 
salivation, and flushing) and somatic signs (e.g. 
movement, swallowing). If any of the above 

 Fig. 1 — Boxplot of Peak inspiratory pressure (PIP) and Plateau pressure (Pplateau) in cmH2O. T1 = 
Pressure before insufflation, T2 = Pressure after insufflation, T3= Pressure after desufflation.
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were present, the opioid target concentration was 
increased by 25%. A level of excessive analgesia 
was defined as: mean arterial pressure (MAP) 
below 60 mm Hg or HR below 50 beats/min. 
In this case, the opioid target concentration was 
decreased by 25%. After each change in infusion 
rate, there was a lockout period of 2.5 min. If 
requested by the surgeon, an additional bolus of 
rocuronium (25% of the initial dose) was given. 
If more than three consecutive adjustments were 
needed to bring arterial pressure or heartbeat within 
limits, i.v. rescue medication was used: urapidil 
12.5 mg, phenylephrine 0.1 mg, or atropine 0.5 
mg as appropriate. For surgery, all patients were 
positioned in the semi- recumbent position after 
having received a crystalloid loading dose 10 
ml.kg-1 IBW. In case of persistent hypotension in 
the sitting position, a bolus of phenylephrine, 0.1 
mg i.v., was given rather than changing the opioid 
dosage. Sufentanil administration was stopped at the 
moment of exsufflation of the pneumoperitoneum. 
Remifentanil in Group R and desflurane in both 
groups were stopped at completion of dressing. 
Residual muscle relaxation was assessed by double 
burst stimulation and reversed with atropine 
10 mcg/kg and neostigmine 35 mcg/kg. After 
stopping all drug delivery, FGF was set at 6 L/
min with an FIO2 of 50%. Two minutes after the 
drug discontinuation, ventilation was stopped and 
manual breathing support was installed (one breath 
every 15 s until return of spontaneous ventilation. 
If EtCO2 became higher than 60 mm Hg, manual-
breathing support was increased until EtCO2 was 
below 50 mm Hg). The anaesthesia time was 
defined as the time period between LOC and the 
moment of drug discontinuation. 
We measured airway pressures before 
pneumoperitoneum (T1), during pneumoperitoneum 
(T2) and after pneumoperitoneum (T3).

Power analysis was based on the previous work 
done by Cadi P. and al23. We considered a mean 

difference of a plateau pressure of 3,0 cmH2O to 
be clinically relevant, with a standard deviation of 
3,1 cmH2O. To achieve a power of 80% and an 
alpha risk of 5% and the power of the study at 80%; 
at least 18 patients were required in each group to 
detect a difference .

This study was performed as an extra analysis 
on the dataset of the study performed by De 
Baerdemaeker L. et al.24. In the original study 20 
patients were allocated to the sufentanil group (S) 
and 20 patients were allocated to the remifentanil 
group (R). However due to faulty airway 
registration 4 patients, 2 in the sufentanil and 2 in 
the remifentanil group, had to be excluded from the 
dataset. For the statistical analysis we used SPSS v. 
29 software from IBM. 

For all data sets, Gaussian distribution was tested 
using the Kolomogorov – Smirnov test. Between 
groups, continuous data were analysed using 
independent samples t-test or Mann– Whitney test, 
where appropriate. Categorical data were analysed 
using Fisher’s exact test. 

Within groups, statistics were done using repeated 
measures ANOVA statistics. Significance level was 
set at 0,05 unless otherwise reported. Significance 
is reached when zero is not included in the 95% CI.

 
Results

We enrolled 18 patients in each group, both 
receiving either sufentanil or remifentanil. 

Table I shows comparable patient characteristics, 
anesthesia depth, and rocuronium dosage between 
the remifentanil and sufentanil group.

Our main findings revealed no statistically 
significant difference in peak and mean ventilation 
pressures (in cmH2O) between the two groups. 
Specifically, the mean peak inspiratory pressures 
(PIP) before insufflation were similar in both groups 
and did not reach statistical significance. The mean 
PIP before insufflation was 25.9 cmH2O (95% CI: 

Table I. — Patient characteristics: Mean, range and standard deviation (SD).

Sufentanil (n=18) Remifentanil (n=18) P value
Height (cm) 169 (156-190) SD: 3,4, 166 (153-183) SD: 8,0 0,28
Weight (kg) 115 (96-164) SD: 16,2, 117 (92 – 180) SD: 24 0,51
IBW (kg) 61 (40-97) SD: 9,5, 62 (48-80) SD: 7,5 0,29
BMI 39,9 (35 - 48) SD: 3,4, 40,3 (35 - 47) SD: 4,1 0,75
Age (years) 37,7 (21- 56) SD: 9,7, 37,5 (20 - 56) SD: 7,5 0,28
Men/woman ratio 2/16 3/15 0,65
Number of smokers 6/18 5/18 1
Number of ASA II patients 5/18 4/18 1
Rocuronium dose (mg) 66 (50 - 95) SD:11 60 (54 - 80) SD:7 0,06
Rocuronium dose (mg/kg IBW) 1,05 (0,87 -1,53) SD: 0,16 0,98 (0,88 – 1,24) SD: 0,1 0,18
Desflurane highest Et concentration (%) 6,29 (4,7 – 7,8) SD: 0,86 6,25 (4,0 – 8,3) SD: 1,1 0,9
Highest MAC 1,05 (0,78 – 1,3) SD: 0,14 1,01 (0,6 – 1,4) SD: 0,2 0,57
IBW: Ideal body weight, BMI: body mass index, MAC: minimum alveolar concentration.
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23.7 - 28.1) in the sufentanil group vs. 24.6 cmH2O 
(95% CI: 22.3 - 26.8) in the remifentanil group, 
with a difference of 1.3 cmH2O (P = 0.37). The 
plateau pressures (Pplat) before insufflation were 
also similar between both groups. The mean Pplat 
before insufflation was 20.1 cmH2O (95% CI: 18.0 
- 22.1) in the sufentanil group vs. 19.0 cmH2O 
(95% CI: 16.8 - 21.2) in the remifentanil group, 
with a difference of 1.1 cmH2O (P = 0.42).

Dur ing  insuf f l a t ion  to  ach ieve 
pneumoperitoneum, both PIP and Pplat increased 
in both groups. However, the choice of opioid 
did not significantly impact the rise in ventilatory 
pressures. Specifically, the mean PIP after 
insufflation was 30.5 cmH2O (95% CI: 28.1 - 32.8) 
in the sufentanil group vs. 33.0 cmH2O (95% 
CI: 31.1 – 34.0) in the remifentanil group, with a 
difference of -2.48 cmH2O (P = 0.08). The mean 
Pplat after insufflation was 24.3 cmH2O (95% CI: 
21.5 - 27.1) in the sufentanil group vs. 26.6 (95% 
CI: 24.1 – 30.4) in the remifentanil group, with a 
difference of -2.31 cmH2O (P= 0.26).

After desufflation to end the pneumoperitoneum, 
both PIP and Pplat decreased to similar levels 
as before the pneumoperitoneum. Once again, 
the choice of drug did not significantly affect 
ventilation pressures. Specifically, the mean PIP 
after desufflation was 26.3 (95% CI: 23.9 - 28.7) 
in the sufentanil group vs. 26.8 (95% CI: 25.2 – 
28.6) in the remifentanil group, with a difference 
of -0.51 cmH2O (P = 0.91). The mean Pplat after 
desufflation was 20.9 (95% CI: 18.7 - 23.3) in the 
sufentanil group vs. 20.8 (95% CI: 19.6 – 22.3) in 
the remifentanil group, with a difference of 0.13 
cmH2O (P = 0.45).

Within-group analysis showed that 
pneumoperitoneum (T2) significantly raised PIP 

and Pplat compared to before (T1) and after (T3) 
pneumoperitoneum in both the sufentanil and 
remifentanil groups, with specific changes detailed 
in Table III.

The average peak inspiratory pressure (PIP) in 
the sufentanil group exhibited a notable increase of 
4.6 cmH2O (P < 0.01) during pneumoperitoneum 
(T2) in comparison to pre-pneumoperitoneum 
levels (T1), followed by a significant decrease 
of 4.1 cmH2O (P < 0.01) post-desufflation (T3). 
Similarly, the mean plateau pressure (Pplat) in the 
sufentanil group showed a significant rise of 4.2 
cmH2O (P < 0.03) during pneumoperitoneum (T2) 
compared to pre-insufflation (T1), followed by a 
decrease of 3.3 cmH2O (P < 0.05) post-desufflation 
(T3).

The average PIP in the remifentanil group saw 
a more marked increase of 8.3 cmH2O (P < 0.01) 
during pneumoperitoneum (T2) compared to pre-
insufflation (T1), followed by a significant decrease 
of 6.1 cmH2O (P < 0.01) post-desufflation (T3). 
Similarly, the mean Pplat in the remifentanil group 
exhibited a substantial rise of 7.6 cmH2O (P < 0.01) 
during pneumoperitoneum (T2) in comparison to 
pre-pneumoperitoneum levels (T1), followed by a 
decrease of 5.8 cmH2O (P < 0.01) post-desufflation 
(T3).

Furthermore, in the entire population, both the 
absolute weight of the patient and BMI showed 
a positive but weak correlation with ventilation 
pressures, with means and confidence intervals 
presented in Tables IV and V.

 
Discussion and conclusion 

In conclusion, our study did not find any statistically 
significant difference in ventilation pressures 
between the groups receiving sufentanil and 

Table II. — Ventilation pressures in cmH2O before, during and after pneumoperitoneum. 

Min Max Mean + 95% CI Std. Deviation
Sufenta PIP T1 19,0 34,0 25,9 (23,7 - 28,1) 4,4200

Pplat T1 13,8 30,0 20,1 (18,0 - 22,1) 4,1496
PIP T2 23,0 43,0 30,5 (28,1 - 32,8) 4,7231

Pplat T2 10,0 37,0 24,3 (21,5 - 27,1) 5,6256
PIP T3 17,0 33,0 26,3 (23,9 - 28,7) 4,7671

Pplat T3 13,0 30,0 20,9 (18,7 - 23,3) 4,5454
Remi PIP T1 16,0 36,0 24,6 (22,3 - 26,8) 4,1854

Pplat T1 10,0 25,0 19,0 (16,8 - 21,2) 4,1594
PIP T2 26,0 40,0 33,0 (31,1 – 34,0) 3,5629

Pplat T2 13,0 36,0 26,6 (24,1 – 30,4) 6,4810
PIP T3 23,0 34,0 26,8 (25,2 – 28,6) 3,2184

Pplat T3 16,0 26,0 20,8 (19,6 – 22,3) 2,5649
T1 = Pressure before insufflation, T2 = Pressure after insufflation, T3= Pressure after desufflation. PIP = Peak 
inspiratory pressure, Pplateau = plateau pressure. Min = minimum, Max = maximum.
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remifentanil during laparoscopic surgery. This lack 
of significant difference may be attributed to the 
use of rocuronium as a muscle relaxant, potentially 
masking the appearance of opioid-induced muscle 
rigidity. Additionally, the equipotent doses of 
opioids administered at the effect site may have 
resulted in similar levels of airway rigidity between 
the groups. Further research could be done using 
opioid free anesthesia to confirm if using opioids 
or not has any effect while using muscle relaxation.
Since we performed a rapid sequence induction in 
all patients with a dose of 1mg/kg IBW, we have 
no spirometric data of the spontaneous breathing 
patient or mask ventilation before the administration 
of the rocuronium. Wooden chest syndrome mostly 
occurs in patients not receiving NMBA. All patients 
received midazolam, which is known to reduce the 
incidence of wooden chest syndrome25. Since we 
did not use neuromuscular transmission monitoring, 
we have no data on the presence and the quality 
of the neuromuscular blockade at the moments of 
registration of the airway pressures. 

Desflurane is recognized for its potential to 
induce bronchoconstriction, particularly at higher 
minimum alveolar concentration (MAC) values and 
especially in smokers26-27. However, in our study, 
we did not observe bronchoconstriction, likely 

attributable to the utilization of lower MAC values 
of desflurane.

Comparisons with previous studies suggest 
that the ventilation pressures recorded in our 
study are consistent with those observed in obese 
patients undergoing laparoscopic gastric banding, 
regardless of ventilation mode23,28. One of these has 
been performed in our center to look at differences 
between volume - (VCV) and pressure controlled 
ventilation (PCV) and found no difference between 
the ventilation modes on ventilatory mechanics. 
The Ppeak and Pplateau in that study were similar 
to our study during all the phases of surgery:  Ppeak 
of 22 cmH2O and Pplateau of 18 cmH2O before 
initiation of pneumoperitoneum and a Ppeak of 
29 cmH2O with a Pplateau of 26 cmH2O after 
initiating pneumoperitoneum for both volume and 
pressure controlled ventilation28. 

The study of Cadi. P. Et al in also had similar results 
on ventilatory mechanics in patients undergoing 
laparoscopic gastric banding in both PCV and VCV 
ventilation. During pneumoperitoneum their study 
showed a Pplateau in VCV of 27 cmH2O and of 26 
cmH2O in the PCV group23.

Lastly we did not offer a dose response effect 
of opioids, because the timing of the highest 
dosage of both remifentanil and sufentanil always 

Opioid Mean pressure in cmH20 + 95% CI Mean difference P-value

PIP T1
Sufentanil 25,9 (23,7 - 28,1)

- 1,3 N.S. (0,37)
Remifentanil 24,6 (22,3 - 26,8)

Pplat T1
Sufentanil 20,1 (18,0 - 22,1)

- 1,1 N.S. (0,42)
Remifentanil 19,0 (16,8 - 21,2)

PIP T2
Sufentanil 30,5 (28,1 - 32,8)

+ 2,5 N.S. (0,08)
Remifentanil 33,0 (31,1 – 34,0)

Pplat T2
Sufentanil 24,3 (21,5 - 27,1)

+ 2,3 N.S. (0,26)
Remifentanil 26,6 (24,1 – 30,4)

PIP T3
Sufentanil 26,3 (23,9 - 28,7)

+ 0,5 N.S. (0,91)
Remifentanil 26,8 (25,2 – 28,6)

Pplat T3
Sufentanil 20,9 (18,7 - 23,3)

- 0,1 N.S. (0,45)
Remifentanil 20,8 (19,6 – 22,3)

T1 = Pressure before insufflation, T2 = Pressure after insufflation, T3= Pressure after desufflation. PIP = Peak inspiratory pressure, 
Pplateau = plateau pressure. N.S. = not significant.

Table III. — Ventilation pressures in cmH2O  before, during and after pneumoperitoneum.

BMI PIP before 
insufflation

Pplat before 
insufflation

PIP after 
insufflation

Pplat after 
insufflation

PIP after 
desufflation

Pplat after 
dessuflation

Pearson correlation 0,360 0,228 0,338 0,299 0,281 0,390

Significance 2-tailed 0,034 0,093 0,047 0,082 0,102 0,021

Table IV. — Pearson correlation of BMI and respiratory pressures.

Weight PIP before 
insufflation

Pplat before 
insufflation

PIP after 
insufflation

Pplat after 
insufflation

PIP after 
desufflation

Pplat after 
dessuflation

Pearson correlation 0,528 0,370 0,378 0,372 0,2 0,289

Significance 2-tailed <,001 0,026 0,023 0,026 0,242 0,088

Table V. — Pearson correlation of weight and respiratory pressures.
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coincided with the start of the pneumoperitoneum 
which created a significant confounding factor 
for analyzing ventilatory mechanics during 
pneumoperitoneum23,28.

Despite the limitations of our study, our findings 
indicate that there is no definitive advantage in 
selecting one opioid over another concerning 
airway pressures. Additionally, our observation 
that the concurrent administration of opioids with 
rocuronium used for rapid sequence induction 
seemed to mitigate the occurrence of wooden 
chest syndrome is noteworthy. This finding aligns 
with the conclusions drawn by Nakada et al.16, 
further bolstering the evidence in support of this 
phenomenon.

Acknowledgements: I would like to express my 
sincere gratitude to Professor Luc De Baerdemaeker 
for his invaluable guidance, support, and mentorship. 
Professor De Baerdemaeker’s expertise, dedication, 
and unwavering commitment to excellence have been 
instrumental in shaping this study and its outcomes. His 
insightful feedback, encouragement, and unwavering 
belief in the project have been truly invaluable.

I would also like to extend my heartfelt appreciation to 
Bert Dhondt, MD, PhD, for his review and constructive 
feedback of this work. 

Furthermore, I am grateful to all individuals who 
have contributed to this study in various capacities, 
whether through their participation, assistance, or 
encouragement.

Conflicts of interest and funding: The authors have 
no conflicts of interests to declare. Funding was fully 
provided by internal resources of the department of 
anesthesiology of the Ghent university hospital.
 
References

1. Pergolizzi JV, Jr., Webster LR, Vortsman E, Ann LeQuang 
J, Raffa RB. Wooden Chest syndrome: The atypical 
pharmacology of fentanyl overdose. Journal of clinical 
pharmacy and therapeutics. 2021;46(6):1505-8.

2. Zoorob R, Uptegrove L, Park BL. Case Report of Very-
Low-Dose Fentanyl Causing Fentanyl-Induced Chest Wall 
Rigidity. Cureus. 2023;15(8):e43788.

3. Ming PW, Singh DL. Fentanyl-Induced Chest Wall 
Rigidity as a Cause of Acute Respiratory Failure in 
the Intensive Care Unit. Journal of medical cases. 
2019;10(8):249-52.

4. Comstock MK, Carter JG, Moyers JR, Stevens WC. 
Rigidity and hypercarbia associated with high dose 
fentanyl induction of anesthesia. Anesthesia and analgesia. 
1981;60(5):362-3.

5. Coruh B, Tonelli MR, Park DR. Fentanyl-induced chest 
wall rigidity. Chest. 2013;143(4):1145-6.

6. Dewhirst E, Naguib A, Tobias JD. Chest wall rigidity 
in two infants after low-dose fentanyl administration. 
Pediatric emergency care. 2012;28(5):465-8.

7. Levine R, Veliz S, Singer D. Wooden chest syndrome: 
Beware of opioid antagonists, not just agonists. The 
American journal of emergency medicine. 2020;38(2):411 
e5- e6.

8. Torralva R, Janowsky A. Noradrenergic Mechanisms 
in Fentanyl-Mediated Rapid Death Explain Failure of 
Naloxone in the Opioid Crisis. The Journal of pharmacology 
and experimental therapeutics. 2019;371(2):453-75.

9. Zhao YJ, Liu S, Mao QX, Ge HJ, Wang Y, Huang BQ, 
et al. Efficacy and safety of remifentanil and sulfentanyl 
in painless gastroscopic examination: a prospective 
study. Surgical laparoscopy, endoscopy & percutaneous 
techniques. 2015;25(2):e57-60.

10. Soares JH, Brosnan RJ, Smith A, Mayhew PD. Rabbit 
model of chest wall rigidity induced by fentanyl and 
the effects of apomorphine. Respiratory physiology & 
neurobiology. 2014;202:50-2.

11. Fahnenstich H, Steffan J, Kau N, Bartmann P. Fentanyl-
induced chest wall rigidity and laryngospasm in preterm 
and term infants. Critical care medicine. 2000;28(3):836-
9.

12. Carvalho B, Mirikitani EJ, Lyell D, Evans DA, Druzin 
M, Riley ET. Neonatal chest wall rigidity following the 
use of remifentanil for cesarean delivery in a patient with 
autoimmune hepatitis and thrombocytopenia. International 
journal of obstetric anesthesia. 2004;13(1):53-6.

13. Choong K, AlFaleh K, Doucette J, Gray S, Rich B, Verhey 
L, Paes B. Remifentanil for endotracheal intubation in 
neonates: a randomised controlled trial. Archives of disease 
in childhood Fetal and neonatal edition. 2010;95(2):F80-4.

14. Wells S, Williamson M, Hooker D. Fentanyl-induced 
chest wall rigidity in a neonate: a case report. Heart & 
lung : the journal of critical care. 1994;23(3):196-8.

15. Streisand JB, Bailey PL, LeMaire L, Ashburn MA, Tarver 
SD, Varvel J, Stanley TH. Fentanyl-induced rigidity 
and unconsciousness in human volunteers. Incidence, 
duration, and plasma concentrations. Anesthesiology. 
1993;78(4):629-34.

16. Nakada J, Nishira M, Hosoda R, Funaki K, Takahashi 
S, Matsura T, Inagaki Y. Priming with rocuronium or 
vecuronium prevents remifentanil-mediated muscle 
rigidity and difficult ventilation. Journal of anesthesia. 
2009;23(3):323-8.

17. Oh YJ, Kim Y, Lee C, Kim DC, Doo A. The effects of the 
administration sequence and the type of hypnotics on the 
development of remifentanil-induced chest wall rigidity: 
a randomized controlled trial. BMC anesthesiology. 
2023;23(1):195.

18. Lui PW, Lee TY, Chan SH. Fentanyl-induced muscle 
rigidity in unanesthetized and ketamine- or thiopental-
anesthetized rats. Anesthesiology. 1989;70(6):984-90.

19. Scamman FL. Fentanyl-O2-N2O rigidity and pulmonary 
compliance. Anesthesia and analgesia. 1983;62(3):332-4.

20. Trujillo C, Rudd D, Ogutcu H, Dong F, Wong D, Neeki M. 
Objective Characterization of Opiate-Induced Chest Wall 
Rigidity. Cureus. 2020;12(6):e8459.

21. Minto CF, Schnider TW, Shafer SL. Pharmacokinetics and 
pharmacodynamics of remifentanil. II. Model application. 
Anesthesiology. 1997;86(1):24-33.

22. Gepts E SS, Camu F, et al. Linearity of pharmacokinetics 
and model estimation of sufentanil. Anesthesiology. 
1995(83):1194–204.

23. Cadi P, Guenoun T, Journois D, Chevallier JM, Diehl 
JL, Safran D. Pressure-controlled ventilation improves 
oxygenation during laparoscopic obesity surgery 
compared with volume-controlled ventilation. British 
journal of anaesthesia. 2008;100(5):709-16.

24. De Baerdemaeker LE, Jacobs S, Pattyn P, Mortier 
EP, Struys MM. Influence of intraoperative opioid 
on postoperative pain and pulmonary function after 
laparoscopic gastric banding: remifentanil TCI vs 
sufentanil TCI in morbid obesity. British journal of 
anaesthesia. 2007;99(3):404-11.

25. Neidhart P, Burgener MC, Schwieger I, Suter PM. Chest 
wall rigidity during fentanyl- and midazolam-fentanyl 
induction: ventilatory and haemodynamic effects. Acta 
anaesthesiologica Scandinavica. 1989;33(1):1-5.



92 ActA AnAesth. Bel., 2024, 75 | suppl. 1 — MAsterthesis

26. Nyktari V, Papaioannou A, Volakakis N, Lappa A, 
Margaritsanaki P, Askitopoulou H. Respiratory resistance 
during anaesthesia with isoflurane, sevoflurane, and 
desflurane: a randomized clinical trial. British journal of 
anaesthesia. 2011;107(3):454-61.

27. Goff MJ, Arain SR, Ficke DJ, Uhrich TD, Ebert 
TJ. Absence of bronchodilation during desflurane 
anesthesia: a comparison to sevoflurane and thiopental. 
Anesthesiology. 2000;93(2):404-8.

28. De Baerdemaeker LE, Van der Herten C, Gillardin 
JM, Pattyn P, Mortier EP, Szegedi LL. Comparison of 
volume-controlled and pressure-controlled ventilation 
during laparoscopic gastric banding in morbidly obese 
patients. Obesity surgery. 2008;18(6):680-5.

doi.org/10.56126/76.S1.20


