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Abstract 

 
Laparoscopic cholecystectomy in geriatric patients imposes risk due to carbon dioxide 
(CO2), especially in patients with cardiovascular comorbidities. This report presents a 87 
years old female with body mass index (BMI) of 17.09 kg/m² undergoing laparoscopic 
cholecystectomy due to gallbladder empyema. Patient had history of biliary sepsis, 
cardiomegaly, atelectasis of left lung apex, and chronic kidney disease. Severe 
inflammation of gallbladder necessitated higher pneumoperitoneum pressure up to 17 
mmHg to facilitate visibility. The elevated intra-abdominal pressure combined with poor 
tissue turgor triggered extensive subcutaneous emphysema and massive hypercarbia, 
indicated by a surge in End-Tidal CO₂ (ETCO₂) reaching >70 mmHg, whereas arterial 

blood gas analysis revealed a PaCO₂ of 45 mmHg. This gradient anomaly occurred without 
an accompanying tachycardic response or oxygen desaturation. Temporary cessation of 
insufflation successfully stabilized the patient clinically. This case highlights the importance 
of vigilance regarding weak fascial turgor in underweight geriatric patients subjected to high 
intra-abdominal pressure, the impairment of CO₂ elimination due to atelectasis, and the 
crucial role of implementing multimodal analgesia with regional anesthesia techniques to 
prevent postoperative hypoventilation caused by opioid administration. 
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——————————◆—————————— 

 

A. INTRODUCTION 

Minimally invasive surgery, particularly laparoscopic cholecystectomy (LCC), 

has been globally recognized as the standard in the management of gallbladder 

disorders (Neudecker et al., 2002). This approach offers various significant clinical 

advantages over open surgery, including reduced surgical tissue trauma, decreased 

postoperative pain intensity, shorter hospital stays, and accelerated patient functional 

recovery (Yetkin et al., 2009). These advantages make laparoscopy the primary choice 

across various age demographics, ranging from young adults to the geriatric 

population (Lim & Lee, 2020).  

Despite minimizing abdominal wall incisions, laparoscopy requires the 

creation of an artificial working space through gas insufflation into the peritoneal 

cavity (pneumoperitoneum) (Atkinson et al., 2017). Carbon dioxide (CO₂) is the 

standard insufflation agent due to its non-flammable nature, high blood solubility, 

and its ability to be normally excreted through the respiratory system (Gutt et al., 
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2004). However, systemic CO₂ absorption and increased intra-abdominal mechanical 

pressure during the procedure trigger a series of significant intraoperative 

pathophysiological changes in the cardiovascular and pulmonary systems (O’LEARY 

et al., 1997). 

In the geriatric patient population, physiological changes resulting from 

pneumoperitoneum present much more complex anesthesiological challenges (Lim & 

Lee, 2020). The natural aging process causes a massive decline in functional organ 

reserves (Smetana et al., 2006). Decreased chest wall compliance, progressive atrophy 

of respiratory muscles, and loss of pulmonary parenchymal elasticity reduce 

functional residual capacity (FRC) and alveolar diffusion capacity.4 Consequently, 

elderly patients have a very low tolerance threshold for intraoperative hemodynamic 

and respiratory disturbances (Garcia-Delgado et al., 2014). 

The recommended elevation of intra-abdominal pressure (IAP) is generally 

within the range of 12–15 mmHg (Neudecker et al., 2002). However, in certain 

pathological conditions where surgical visibility is compromised, such as severe 

gallbladder inflammation or tissue adhesions, operators often increase the 

insufflation pressure.6 Elevating intra-abdominal pressure beyond physiological 

limits poses a serious risk of mechanical complications, as gas can be forced to migrate 

outside the abdominal cavity (Ott, 2014). 

Subcutaneous emphysema is one of the mechanical complications resulting 

from such ectopic intra-abdominal gas migration.16 In geriatric patients, particularly 

those who are underweight or malnourished, subcutaneous tissues and abdominal 

muscles experience extreme weakness (Murdock et al., 2000). This fragile fascial 

integrity acts as an area of low resistance, facilitating massive CO₂ gas dissection into 

the subcutaneous space, extending to the thoracic and cervical regions (Kent, 1991). 

A secondary complication of extensive subcutaneous emphysema is the 

increased surface area for CO₂ gas absorption into the systemic capillary circulation.7 

This expansion of the diffusion area exponentially increases the carbon dioxide load 

in venous blood, exceeding the absorption from the peritoneal cavity alone (Gutt et 

al., 2004). This condition rapidly leads to massive hypercarbia, which can potentially 

trigger respiratory acidosis, myocardial depression, and cardiac arrhythmias (Beverly 

et al., 2017; Özdemir-van Brunschot et al., 2016). 

Under normal conditions, the body compensates for this surge in CO₂ 

absorption by automatically increasing the rate and volume of alveolar ventilation 

(Wahba et al., 1995). However, in patients with pre-existing pulmonary comorbidities, 

such as atelectasis or infiltrative pneumonia, the lungs lose their ability to adapt 

(Miskovic & Lumb, 2017a). Alveolar collapse in atelectasis creates a ventilation-

perfusion imbalance (V/Q mismatch) and enlarges the alveolar dead space, effectively 

thwarting CO₂ elimination (Garcia-Delgado et al., 2014). 

Monitoring using capnography (End-Tidal CO₂ / ETCO₂) and Arterial Blood 

Gas (ABG) analysis is highly crucial.18 Under ideal circumstances, the arterial partial 

pressure of CO₂ (PaCO₂) correlates closely with ETCO₂.19  The increased alveolar dead 

space due to atelectasis can cause CO₂ trapping in the lungs, which is exhaled slowly 
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(delayed washout) (Wahba et al., 1995). This condition can create a clinical anomaly 

in the form of a reversed PaCO₂-ETCO₂ gradient, where the ETCO₂ reading surges 

much higher than the actual gas level in the arterial blood at that moment (Özdemir-

van Brunschot et al., 2016). 

The use of high-dose opioids to manage incisional and referred pain in 

laparoscopic procedures for geriatric patients must be limited, considering their 

depressive effect on the respiratory center, which can cause hypoventilation and 

exacerbate CO₂ retention (Chou et al., 2016). Therefore, a multimodal analgesia 

approach combined with regional anesthesia techniques is recommended to reduce 

opioid requirements and maintain spontaneous ventilation function postoperatively 

(Peng et al., 2016). 

Based on this background, this case report aims to describe the incidence of 

massive intraoperative hypercarbia and subcutaneous emphysema triggered by the 

use of high pneumoperitoneum pressure in an extreme geriatric patient complicated 

by cardiorespiratory comorbidities. Furthermore, this report aims to evaluate the 

diagnostic challenges of the PaCO₂-ETCO₂ gradient anomaly and outline the rationale 

for perianesthetic management, specifically the application of multimodal analgesia 

with regional anesthesia techniques to prevent postoperative respiratory failure 

complications and support successful patient recovery. 

 

B. METHOD 

This study was conducted as a single-patient case report following the CARE 

(CAse REport) guidelines. Clinical data were retrospectively collected from the 

patient's medical records, including demographic characteristics, medical history, 

preoperative investigations, intraoperative anesthetic records, ventilatory 

parameters, arterial blood gas analysis, and postoperative outcomes. Continuous 

intraoperative monitoring included electrocardiography, non-invasive blood 

pressure, pulse oximetry, capnography, and airway pressure, with particular 

attention to changes in End-Tidal CO₂ (ETCO₂), arterial PaCO₂, pneumoperitoneum 

pressure, hemodynamic responses, and the occurrence of subcutaneous emphysema. 

The case was analyzed descriptively to describe the perioperative management and 

the pathophysiological mechanisms underlying severe hypercarbia in this 

underweight geriatric patient while maintaining patient confidentiality in accordance 

with institutional ethical standards. 

 

C. RESULT AND DISCUSSION 

An 87-year-old female weighing 40 kilograms with a height of 153 centimeters 

(BMI 17.09 kg/m², underweight) was scheduled for a laparoscopic cholecystectomy 

(LCC). The preoperative diagnosis was acute calculous cholecystitis with gallbladder 

hydrops. The patient had a history of biliary sepsis, which was clinically resolving. 

Preoperative evaluation revealed several comorbidities, including cardiomegaly with 

aortosclerosis, suspected pulmonary tuberculosis accompanied by left apical lung 
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atelectasis and bilateral secondary fibroinfiltrates, stage 2 chronic kidney disease 

(CKD), normocytic anemia (Hb 11 g/dL), and hypoalbuminemia (3.3 g/dL). 

General anesthesia with endotracheal intubation was administered. 

Intraoperative findings confirmed gallbladder empyema with severely hyperemic 

and edematous tissue. This condition made instrumental manipulation highly 

difficult, prompting the surgeon to increase the pneumoperitoneum insufflation 

pressure to 17 mmHg. Mid-procedure, the team detected abdominal and thoracic wall 

crepitus, indicating extensive subcutaneous emphysema, simultaneously with a surge 

in End-Tidal CO₂ (ETCO₂) levels. Temporary cessation of the procedure (pause) and 

abdominal desufflation successfully reduced the ETCO₂ gradually. 

 
Figure 1. Intraoperative Finding 

Towards the end of the surgery (total anesthesia duration of 2 hours and 45 

minutes), as the residual tissue CO₂ gas was reabsorbed, the ETCO₂ surged again, 

reaching >70 mmHg. An arterial blood gas (ABG) sample drawn at that time revealed 

a PaCO₂ of 45 mmHg. Despite the remarkably high ETCO₂, the patient's 

hemodynamics remained stable without any tachycardic response (heart rate stable 

at 60–80 beats/minute), and oxygen saturation was maintained at 99–100%. Upon 

completion of the surgery, the patient was successfully extubated in the operating 

room. She was subsequently transferred to the High Care Unit (HCU) for respiratory 

monitoring and received aggressive antibiotic therapy (Daryaven, Metronidazole, 

Fluconazole) as well as a non-opioid multimodal analgesia strategy utilizing an 

intravenous paracetamol drip. 

The incidence of extensive subcutaneous emphysema in this case directly 

correlates with the patient's physical profile and age. The 87-year-old underweight 

patient had thin abdominal muscle mass and lax fascia. A mechanical insufflation 
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pressure of 17 mmHg (exceeding the safe limit of 12–15 mmHg) triggered microscopic 

ruptures in the peritoneum, forcing CO₂ gas to migrate freely into the subcutaneous 

space (Neudecker et al., 2002). The greater the subcutaneous volume filled with gas, 

the larger the surface area available for systemic CO₂ diffusion, which massively 

increases the influx of CO₂ into the bloodstream and induces hypercarbia (Ott, 2014). 

This gas accumulation evolved into a potential respiratory acidosis crisis due 

to the failure of pulmonary compensation mechanisms.(Atkinson et al., 2017) Medical 

records indicated that the patient had comorbidities of left apical atelectasis and 

fibroinfiltrates. The collapse of pulmonary functional units created an extensive 

alveolar dead space.9 Consequently, the increased minute ventilation from the 

anesthesia machine did not optimally excrete the extra CO₂ load due to a ventilation-

perfusion imbalance (V/Q mismatch) (Mukhtar & Singh, 2009). 

A significant clinical finding in this case was the discrepancy in monitoring 

values, wherein ETCO₂ surged above 70 mmHg, while arterial PaCO₂ was 

simultaneously recorded at 45 mmHg. This phenomenon of a reversed physiological 

gradient can be explained by a delayed washout mechanism in the atelectatic alveolar 

units (Miskovic & Lumb, 2017a; Peng et al., 2016). The trapped volume of CO₂ gas is 

slowly excreted and accumulates at the end of the expiratory phase, thus being 

dominantly detected by the capnograph sensor (Sosa et al., 2022). Conversely, the 

continuously circulating arterial blood flow still undergoes gas clearance processes in 

the remaining functional lung parenchyma, resulting in a lower PaCO₂ profile 

compared to the machine's reading. 

Furthermore, the absence of a sympathetic nerve surge response (tachycardia 

and acute hypertension) amidst the highly elevated ETCO₂ levels is a physiological 

characteristic of the aging process (Ljungqvist & de Boer, 2023). Geriatric patients 

experience a blunted sympathetic response, where central chemoreceptor sensitivity 

decreases drastically (Kruljc et al., 2003a, 2003b; Paria et al., 2014). This causes the 

patient's clinical vital signs to appear "normal and stable," masking the true severity 

of the ongoing gas retention.(Chaouch et al., 2026) 

To mitigate postoperative complications, analgesia management becomes 

highly vital. The slowly eliminated residual CO₂ requires the patient to maintain a 

strong spontaneous respiratory drive (Kehlet, 1997; Ljungqvist et al., 2017). The 

administration of systemic opioid analgesics can cause respiratory center depression, 

leading to the exacerbation of hypercarbia and delayed recovery (delayed emergence) 

(Miskovic & Lumb, 2017b; Nassar & Schmidt, 2017; Neudecker et al., 2002). Therefore, 

the adoption of postoperative multimodal analgesia, which can be optimized through 

local tissue infiltration or a fascial plane block (regional anesthesia), proves to be 

crucial (Cheng et al., 1999; Dahl & Raeder, 2003). This approach fulfills the Enhanced 

Recovery After Surgery (ERAS) criteria by minimizing opioid requirements, 

preventing secondary pulmonary complications, and accelerating mobilization in the 

elderly(Alsharari et al., 2022; Ghani et al., 2024; Mukhtar & Singh, 2009). 
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D. CONCLUSION 

Laparoscopic cholecystectomy in an extreme geriatric patient with 

malnutrition and cardiorespiratory comorbidities presents a significantly high risk of 

perianesthetic complications. The application of pneumoperitoneum pressure 

exceeding standard limits on poor fascial turgor causes massive subcutaneous 

emphysema. The CO₂ absorption load from the extensive supporting tissues fails to 

be compensated due to the comorbidity of atelectasis, which triggers a surge in ETCO₂ 

levels without classic autonomic responses such as tachycardia. 

This case demonstrates the necessity for vigilant capnography monitoring, 

strategic communication with the surgeon to perform periodic desufflation 

interventions, and profound clinical interpretation regarding the discrepancy 

between PaCO₂ and ETCO₂ values. Furthermore, the implementation of multimodal 

analgesia with the principle of reducing opioid consumption, through the utilization 

of regional anesthesia block techniques, is a mandatory strategy to consider in 

geriatric patients to ensure the stability of airway clearance and a safe postoperative 

recovery. 
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