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Cardiovascular collapse during transcatheter aortic valve
replacement in monitored anesthesia care using an end-
tidal carbon dioxide monitor: a case report
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Capnography is commonly used to monitor respiration during general anesthesia. However, it has limited utility in patients with respi-
ratory distress during sedation. This case report examines capnography use in a transcatheter aortic valve replacement procedure
performed on an elderly woman with severe aortic stenosis. A 73-year-old woman with a history of non-ST-elevation myocardial infarc-
tion and congenital heart failure presented with severe dyspnea caused by severe aortic stenosis. Transcatheter aortic valve replace-
ment was preferred over surgery due to her comorbidities. Monitored anesthesia care was administered with a capnogram. During
the procedure, the patient was sedated with remimazolam, maintaining a bispectral index range of 60-80 and a score of 2 on the
Modified Observer’'s Assessment of Alertness/Sedation scale. Although irregular breathing patterns and a gradual decrease in oxygen
saturation were observed following remimazolam infusion, the patient’s respiration eventually stabilized. However, the patient experi-
enced cardiovascular collapse 45 minutes after sedation began. The arterial carbon dioxide pressure measured by arterial blood gas
analysis performed just before resuscitation was 68.4 mmHg. After one cycle of resuscitation, the patient recovered. The procedure
was successfully performed under general anesthesia, which was replaced with monitored anesthesia care during resuscitation. Al-
though most monitoring devices have similar utility for both general anesthesia and sedation, capnography has limitations for evalu-
ating respiration during sedation, especially for patients with respiratory distress. Therefore, anesthesiologists or medical staff who
provide sedation should not neglect periodical arterial carbon dioxide pressure observations via other methods, such as arterial blood
gas analysis.

Keywords: Anesthesia; Capnography; Case reports; Hypnotics and sedatives; Resuscitation

Introduction presence and quality of respiration. However, applying an
end-tidal carbon dioxide (EtCO:) monitor for particular pa-

Capnography is a device used to evaluate a patient’s respi-  tients might be less valuable. In this case report, we discuss
ration. Its use has increased as the demand for anesthesia ~a woman who received a transcatheter aortic valve replace-
outside operating units has greatly expanded. This mon- mentin an interventional radiology suite.

itoring technique can help anesthesiologists evaluate the
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A 73-year-old woman (144 cm, 40 kg) previously diagnosed
with non-ST-elevation myocardial infarction and congenital
heart failure 20 years prior was admitted to the emergency
department due to dyspnea. Physical examination revealed
severe dyspnea, classified as New York Heart Association
class 4. Transesophageal echocardiography confirmed
severe aortic stenosis and moderate aortic regurgitation.
Additionally, the patient had mild to moderate mitral and
tricuspid regurgitation and moderate pulmonary hyper-
tension. Pulmonary function tests indicated restrictive lung
disease, which caused pulmonary edema and bilateral
pleural effusion observed as extensive peribronchovascular
consolidation with ground glass opacity and interlobular
thickening in an unenhanced chest computed tomography
scan. Considering her age, physical examination results,
and imaging findings, the short-term risk for open cardiac
surgery was 10%, which was too high for a surgical aortic
valve replacement. A collaborative heart valve team con-
sisting of cardiologists and thoracic surgeons decided to
perform transcatheter aortic intervention.

The anesthesiologists and cardiologists determined that
monitored anesthesia care would be the optimal choice
based on its association with reduced 30-day mortality,
shorter hospital stays, and impracticality of extubation
[1]. We applied an automatic blood pressure cuff, electro-
cardiogram, and pulse oximetry for basic monitoring. We
attached a bispectral index signal (BIS) monitor to assess
sedation level and non-rebreather oxygen mask with a res-
ervoir bag (#0562 Adult CO2/02 Sampling Mask, Westme),
which allowed side-stream capnograph monitoring with
a ventilator (Primus, Dragerwerk AG & Co. KGaA). To pre-
vent air leakage from the gap between the mask and face,
we adjusted the nose clip and used silicon tape (Innomed
silicone tape, Chinoomed) around the mask. Moreover,
the patient’s neck was extended with a pillow to maintain
airway patency. After the reservoir back was full of 100%
oxygen, the oxygen flow was adjusted to 6 L/min. Despite
gradual decrease in saturation at the beginning of seda-
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tion, oxygen saturation was maintained at 100% during the
procedure.

Remimazolam was administered for sedation, with a
loading dose of 6 mg/kg/hr over 3 minutes, followed by a
maintenance dose of 0.3 mg/kg/hr after the Modified Ob-
server’s Assessment of Alertness/Sedation scale (MOAA/S)
reached 2 [2,3]. The BIS range was 60-80. We used remifen-
tanil by the target site infusion method with the Minto
model for pain reduction during the procedure, initially tar-
geted at 0.8 ng/cc of an effect-site concentration and main-
tained at 1.0 ng/cc of effect-site concentration at which
self-respiration was well maintained. To manage a sudden
drop in blood pressure during rapid ventricular pacing, ar-
terial line, and central venous catheter were inserted. The
mean arterial blood pressure (MAP) was maintained above
75 mmHg, and respiration rate measured by capnogram
remained regular at 10 breaths/min, with EtCO, levels at
25-30 mmHg.

We sampled the arterial blood to determine why the ar-
terial blood pressure gradually decreased 45 minutes after
sedation began. The pH of the arterial blood was 7.17, and
the arterial carbon dioxide pressure (PaCO,) and actual
bicarbonate were 68.4 mmHg and 22.4 mmol/L, respec-
tively. While we tried to wake the patient to encourage
deep breathing, the MAP dropped below 40 mmHg, and
the patient was pulseless, triggering resuscitation (Fig. 1).
During resuscitation, the patient was intubated following
50 mg of rocuronium injection and general anesthesia was
maintained by sevoflurane. Hyperventilation was applied
to reduce PaCO,. Following the conversion from monitored
anesthesia care to general anesthesia, the EtCO, level was
38 mmHg. The patient recovered from cardiopulmonary
collapse after one cycle of resuscitation. Arterial blood gas
analysis (ABGA) improved (pH 7.31; PaCO, 44.9 mmHg;
actual bicarbonate 22.4 mmol/L) without a sodium bicar-
bonate injection. The procedure finished successfully, and
we extubated the patient after confirmation that ABGA was
normal (pH 7.46; PaCO, 32.9 mmHg; actual bicarbonate
23.6 mmol/L) (Table. 1).

Discussion

EtCO, monitoring is an essential component of general
anesthesia and is recommended for evaluating respiration
during sedation [4]. It enables anesthesiologists to detect
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the absence of respiration more quickly than pulse oxime-
try and provides information on the PaCO, level. However,
these advantages are most effective for mechanically ven-
tilated patients, limiting the utility of EtCO, monitoring to
that specific population [5].

Mehta et al. [6] investigated the sensitivity of EtCO,,
an indirect measure of respiration, in relation to minute
volume, which serves as a direct measurement of ventila-
tion, three groups were compared: patients under general
anesthesia, individuals undergoing procedural sedation,
and awake volunteers. The procedural sedation group ex-
hibited lower sensitivity than other groups, indicating that
minute volume changed less in relation to EtCO, levels in

that group [7].

Sedation may result in a dampened respiratory drive.
The low sensitivity may be attributed to the blunting of the
respiratory drive, which typically responds to elevated CO,
levels and is regulated by central and peripheral chemo-
receptor activation. Additionally, sensitivity demonstrates
a bimodal distribution, with higher sensitivity observed
when the depth of sedation approaches that of general an-
esthesia or while awake [6]. It has been observed that BIS
does not reliably indicate the depth of sedation when using
remimazolam [8]. Although no intraoperative awareness
was reported with a BIS score of 60 or higher during remi-
mazolam administration for general anesthesia, it does
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Fig. 1. The MAP gradually decreased until stabilization above 75 mmHg 15 minutes after the initiation of sedation. At 45 minutes after
initiation, the MAP decreased to 35 mmHg, at which point the patient required resuscitation. Simultaneously, the patient was intubated,
and the EtCO, value measured using a capnogram was 38 mmHg, whereas the arterial carbon dioxide pressure was 68.4 mmHg. MAP,

mean arterial blood pressure; Sp0,, pulse oximetry; EtCO,, end-tidal carbon dioxide.

Table 1. The values of pH, Pa0,, PaCO,, and actual bicarbonate from the arterial blood gas analysis conducted in

each situation

Actual bicarbonate

Situation pH Pa0, (mmHg) PaCO, (mmHg) Tl
Gradual decrease of mean arterial pressure 7.17 230 68.4 22.4
After recovery from cardiovascular collapse 7.30 246 44.9 22.4
Procedure finished (FiO,: 0.5)" 7.46 13 329 236

Pa0,, arterial oxygen pressure; PaCO,, arterial carbon dioxide pressure; FiO,, fraction of inspired oxygen.
The Fi0, was 0.5 when the procedure was finished, but the patient was not extubated.
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not assure definite depth of the sedation [9]. Therefore, it is
recommended to evaluate the depth of sedation using ad-
ditional assessment tools like the MOAA/S scale to ensure
more accurate results [2].

Herein, the patient received sedation with remimazolam,
maintaining a BIS range of 60-80 and MOAA/S 2 [2,8]. De-
spite remimazolam having comparable efficacy and safety
to propofol [2], irregular breathing patterns were observed
following its initiation. Although the regularity of respira-
tion stabilized soon after, the depth of sedation may have
been intermediate, resulting in a lower sensitivity of EtCO,
monitoring. Considering these factors, general anesthesia
would be preferable to maximize the sensitivity of EtCO,
monitoring.

EtCO, monitoring is further constrained by challenges
associated with predicting PaCO, based on EtCO, measure-
ments. Limited studies have demonstrated the usefulness of
EtCO, monitoring as a predictor of PaCO,. However, these
studies only analyzed patients with acute asthma attacks,
not those with respiratory distress like chronic obstructive
pulmonary disease, pneumonia, and congestive heart fail-
ure. Also, they used less effective methods to measure the
concordance between two factors [10,11]. When using the
Bland and Altman plot analysis, the golden standard, EtCO,
monitoring, showed limited effectiveness in predicting
PaCO, in patients with respiratory distress [5].

The observed limitations in predicting PaCO, using
EtCO, in patients with respiratory distress can be attributed
to several factors. First, patients in respiratory distress often
exhibit increased physiologic and pathologic dead space
compared to healthy individuals. This results in a venti-
lation-perfusion mismatch, which impairs gas exchange
between the alveoli and capillary arteries. Furthermore,
shallow and rapid breathing patterns associated with respi-
ratory distress may not allow adequate exhalation, leading
to decrease in functional residual capacity. Consequent-
ly, the gradient between EtCO, and PaCO, was elevated.
Although it was difficult to state that the patient who had
several cardiopulmonary diseases, had shallow breath
because of limited data about minute volume, these under-
lying conditions might contribute to weakened breathing
and a significant degree in ventilation-perfusion mismatch,
further complicating the prediction of PaCO, using EtCO,
measurements.

According to the clinical practice guidelines for diagnos-
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tic and procedural sedation [12], EtCO, monitoring is rec-
ommended for preventing hypoxia during sedation. In this
context, the application of EtCO, monitoring for our patient
was effective in ensuring adequate oxygenation. Howev-
er, the patient experienced cardiovascular collapse and
demonstrated hypercapnia. The EtCO, and PaCO, gradient
exceeded 30 mmHg, surpassing the acceptable limit [5].
This emphasizes the importance of not mistaking adequate
oxygenation for effective CO, elimination. While the cardio-
vascular collapse in our case was likely due to inadequate
exhalation of CO,, it is possible that the excessive infusion
of remimazolam from the beginning of the sedation might
have been the underlying cause of the collapse. However,
though remimazolam could induce not only respiratory
regression but mild depression of mean blood pressure, the
amount of remimazolam, infused up to cardiovascular col-
lapse, was not even enough for the depression which was
shown in the study [3].

The CO, retention in this case may have originated by an-
esthesiologists relying on EtCO,, thought to reflect respira-
tion during sedation. Other monitoring devices have similar
utility in both general anesthesia and sedation. However,
during sedation, EtCO, monitors are limited in evaluating
the adequacy of a patient’s respiration under respiratory
distress. Therefore, medical staff providing sedation should
not neglect periodical PaCO, evaluation by other means,
such as ABGA.
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