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Abstract  Case Report 
 

Severe hypercapnia during surgery is associated with electroencephalographic changes. This report presents a case of a 

sudden drop in spectral entropy in response to severe hypercapnia during robot-assisted laparoscopic prostatectomy 

(RALP) in a 75-year-old patient. One hour after pneumoperitoneum and Trendelenburg position application, 

inadvertent subcutaneous emphysema occurred. Arterial CO2 partial pressure (PaCO2) rose to 85 mmHg, severe 

respiratory acidosis ensued, and the entropy level dropped to 2. Subsequently, intra-abdominal pressure was reduced 

by lowering the angle of the Trendelenburg position. Hyperventilation improved respiratory acidosis. Termination of 

the operation immediately improved acidosis and the entropy level. The sudden drop in spectral entropy may be 

associated with the narcotic properties of carbon dioxide (CO2). 
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INTRODUCTION 
Recently, robot-assisted surgeries have become 

popular due to the minimal invasiveness of the 

procedure and the precise control of the surgical 

instruments that the assistance allows for [1]. However, 

to get a better surgical view, CO2 pneumoperitoneum 

with a steep Trendelenburg position is needed during 

robot-assisted laparoscopic prostatectomy (RALP) 

which results in significant changes in respiratory 

physiology [2]. CO2 pneumoperitoneum may be 

associated with pulmonary atelectasis [3]. Prolonged 

maintenance of a steep Trendelenburg position reduces 

functional residual capacity, increases airway pressure, 

increases CO2 absorption from the peritoneum, and 

disturbs diaphragm function [4]. These changes may 

result in an increase in end-tidal CO2 partial pressure 

(PetCO2). Rarely, inadvertent subcutaneous emphysema 

may aggravate hypercarbia and cause respiratory 

acidosis [3, 4]. 

 

Spectral entropy is used to assess the depth of 

anesthesia. Besides the concentration of anesthetic 

agents, other factors, such as low body temperature, low 

blood pressure, and brain injury, may depress the 

entropy level [5, 6]. Hypercapnia may also depress the 

entropy level, though the mechanism by which this 

would occur is not well understood [7]. This report 

presents a case of a sudden drop in entropy due to 

severe hypercapnia during RALP. 

 

CASE REPORT 
A 75-year-old, 176 cm, 58.9 kg man was 

scheduled for RALP. He had no underlying medical 

diseases and had received cervical spine operation three 

years prior due to cervical spinal disc herniation. No 

other problems were revealed during the preoperative 

workup. Upon arrival in the operating room, standard 

anesthesia monitoring and spectral entropy began. 

Anesthesia was induced with intravenous propofol and 

rocuronium. Intubation was facilitated with video 

laryngoscopy because the patient could barely extend 

his neck. Anesthesia was maintained with remifentanil 

and sevoflurane. Adequate depth of anesthesia was 

maintained with spectral entropy of 40–60. A radial 

artery was cannulated for continuous blood pressure 

monitoring. A CO2 pneumoperitoneum was created with 

an intra-abdominal pressure of 20 mmHg using the da 

Vinci
TM

 robot system. A steep Trendelenburg position 

was maintained to better expose the site to the surgical 

team. Surgery proceeded at a tidal volume (TV) of 6 

ml/kg of ideal body weight for a total of 425 ml, a 

respiratory rate (RR) of 12 breaths/min, and a peak 

inspiratory pressure of 20 cmH2O. PetCO2 was 

maintained at 32–35 mmHg with PaCO2 of 35 mmHg. 
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After the commencement of surgery, PetCO2 

gradually increased. One hour after the 

pneumoperitoneum was created, PetCO2 reached 56 

mmHg. Suddenly, the state entropy and response 

entropy dropped from 36 to 2 and from 34 to 1, 

respectively, without any change in the concentration of 

sevoflurane with a 2 vol. %. Vital signs were stable with 

a mean arterial pressure of 70–80 mmHg and an oxygen 

saturation of 99–100 %. Subsequently, arterial blood 

gas analysis (ABGA) was checked and revealed severe 

hypercapnia and respiratory acidosis (pH: 7.15, PaCO2: 

85 mmHg, PaO2: 267 mmHg in FIO2 of 0.5). 

 

On inspection, subcutaneous emphysema was 

detected on the patient’s anterior chest and neck 

reaching the patient’s mandible. On discussion with the 

surgeon, intra-abdominal pressure was reduced to 10 

mmHg and the angle of the Trendelenburg position was 

reduced to 25°. The sevoflurane concentration was 

reduced to 1–1.5 vol. % and the patient was 

hyperventilated with a TV of 550 ml and an RR of 15 

breaths/min. Peak inspiratory pressure was 24 cmH2O 

with an EtCO2 of 50–55 mmHg. After 30 minutes of 

hyperventilation, the ABGA showed a slight decrease in 

PaCO2 and respiratory acidosis (pH: 7.19, PaCO2: 75 

mmHg, PaO2: 271 mmHg in FIO2 of 0.5). The entropy 

level stayed at 7–10. There was no further aggravation 

of PaCO2 and entropy levels, so the surgeon proceeded 

with the operation for another hour and hyperventilation 

was maintained. 

 

After the termination of the operation, the 

patient was laid in the supine position. EtCO2 dropped 

to 40 mmHg and entropy immediately recovered to 60 

with no change in sevoflurane concentration. Physical 

examination showed that there was still crepitus on the 

patient’s anterior chest and neck. Out of concern for 

airway edema, a cuff-leak test was performed. Given 

that the test showed no air leakage and the patient had a 

history of having received a cervical spine operation, 

the patient was sedated with an endotracheal tube for a 

night in 30° back-up head-elevated position. The next 

morning, the patient was fully awake with no 

neurological deficits and only felt mild crepitus in the 

anterior chest. The vital signs were stable and ABGA 

was normal (pH: 7.395, PaCO2: 37.2 mmHg, PaO2: 

267.3 mmHg in FIO2 of 0.5). He was extubated the next 

morning and discharged on postoperative day 10. 

 

DISCUSSION 
Subcutaneous emphysema was observed to 

induce hypercapnia followed by a rapid drop in spectral 

entropy during RALP. Entropy is widely used to track 

the depth of anesthesia in patients receiving general 

anesthesia. Other than the concentration of the 

anesthetic agent, low body temperature, hypotension, 

hypoglycemia, metabolic derangements, hepatic 

encephalopathy, and brain injury may influence the 

level of entropy [5, 6, 8]. When cerebral blood flow 

(CBF) becomes compromised, changes occur in both 

the metabolic and electrical activity of cortical neurons 

which is reflected within seconds by changes in the 

EEG [9]. Therefore, a drop in entropy levels indicates 

the depth of anesthesia and can signal other problems 

associated with cerebral perfusion. 

 

Acute hypercapnia has been reported to induce 

narcosis and change EEG patterns [7, 10]. Reports 

suggest that hypercapnia has an anesthetic property 

with approximately PaCO2 of 137 mmHg equivalent to 

a 0.5 minimum alveolar concentration in humans [11]. 

Currently, it is thought that hypercapnia alters gamma-

aminobutyric acid (GABA) and adenosine levels which 

inhibits the excitatory synapses in the frontal cortex 

[12]. Hypercapnia also decreases hippocampal neuronal 

excitability and causes sedation and anesthesia [13]. 

Furthermore, during marked hypercapnia with PaCO2 

higher than 80 mmHg, cerebral resistance vessels are 

maximally dilated, so cerebral perfusion may be 

interrupted [14]. This phenomenon would be more 

pronounced during robot-assisted surgery during which 

intracranial pressure is already high due to the presence 

of pneumoperitoneum and a steep Trendelenburg 

position [2]. 

 

Patients who experience a sudden drop in 

entropy levels caused by acute respiratory acidosis 

should be promptly inspected for possible causes of the 

acidosis. When subcutaneous emphysema occurs, the 

surgeon should be notified and the intra-abdominal 

pressure should be reduced to halt further aggravation. 

Hyperventilation should be induced and, if possible, the 

angle of the Trendelenburg position should be reduced 

to prevent further increases in intracranial pressure. If 

ventilation is difficult due to decreased pulmonary 

compliance or tracheal tube compression from 

subcutaneous emphysema, immediate conversion to 

open surgery should occur. Although rare, severe 

subcutaneous emphysema can lead to fatal 

complications such as tracheal edema, 

pneumomediastinum, and pneumothorax [15]. 

Extubation should be conducted carefully and a cuff 

leak test or chest X-ray should be conducted for safety. 

A sudden drop in entropy due to hypercarbia does not 

present significant risk to the patient if treated promptly 

[7, 11]. Anesthesiologists should be aware of and 

vigilant in monitoring patients for this condition 

because anesthesia may blunt associated cardiovascular 

responses [15]. 

 

CONCLUSION 
This report presents a case of severe acute 

hypercapnia which caused reversible depression in 

entropy during RALP. The narcotic property of CO2 

may aggravate sudden drops in entropy. 
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