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Abstract: Objective To evaluate the correlation between microstream partial pressure of end-tidal carbon dioxide (PeCOx)
and partial pressure of carbon dioxide in artery (PaCO) in patients with general anesthesia after tracheal catheter removal.
dioxide in artery (PaCQO.) in patients with general anesthesia after tracheal catheter removal. Methods A total of 120 patients
in Jiangsu Cancer Hospital undergoing abdominal operation under general anesthesia were selected and randomized. A total
of 120 patients in Jiangsu Cancer Hospital undergoing abdominal operation under general anesthesia were selected and
randomly divided into 3 groups, with 40 patients in each group after tracheal catheter removal. Each group received oxygen
through nasal catheter at different flow rates: group L (2 L/min), group M (4 L/min) and group H (6 L/min). After 30 min of
tracheal catheter removal, the value of Per CO. was recorded and arterial blood was drawn to measure PaCO., and the correlation
between P=CO. and PaCO was analyzed. PaCO. was analyzed. Results There was a high correlation between microstream
PeCO:. and PaCO: in groups L, M and H ( r=0.931, 0.878 and 0.838, P<0.001 ), and the correlation coefficients decreased with
the increase of oxygen flow. Conclusion When microstream PeCO. was used to monitor patients under general anesthesia in
PACU after tracheal catheter removal, there was a high correlation between P=CO. and PaCO: at 2-6 L/min oxygen flow, which
can be used as an important reference for the evaluation of PaCO..
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The partial pressure of end-tidal carbon dioxide
(PerCOy) is the partial pressure of carbon dioxide in the
mixed alveolar gas exhaled at the end of expiration.
Carbon dioxide tracings continuously record the pressure
of exhaled carbon dioxide gas and present it as images.
Because of its ease of acquisition and real-time data
acquisition, it has been used as a routine monitoring index
in clinical anesthesia to evaluate the patient's ventilatory
function, circulatory function, pulmonary blood flow,
alveolar ventilation quality, and respiratory circuit
patency.[1-4]. PerCO; is commonly used in clinical work
to roughly estimate the arterial partial pressure of carbon
dioxide (PaCOy) [5-6]. As early as 2015, guidelines from
the Association of Anaesthetists of the United Kingdom
and Ireland recommended that PgrCO, should be
monitored during recovery from anesthesia until the
patient with an endotracheal tube, supraglottic airway
device, or deep sedation has fully recovered from
anesthesia[7-8]. At present, for patients in the post-
anesthesia care unit (PACU), PgrCO; is usually monitored
during mechanical ventilation, but PgrCO, is seldom
monitored after extubation. However, clinical practice has
shown that respiratory depression often occurs after

extubation of patients with general anesthesia due to
residual anesthetic drugs, pain, and airway secretions,
which may even cause severe hypoxemia, secondary
intubation, and many other problems. However, clinical
practice has shown that respiratory depression often occurs
after removal of the tracheal tube in general anesthesia
patients due to residual anesthetic drugs, pain, airway
secretions, etc., and may even cause severe hypoxemia,
secondary intubation, and other adverse events[9-10].
Several studies have reported that micro-bypass PerCO>
monitoring for painless endoscopy and digital subtraction
angiography can identify ventilation abnormalities early
and reduce the incidence of hypoxemia through
intervention[11-13]. However, its applicability to post-
extubation patients in PACU is unclear, and the correlation
between micro-bypass PerCO> and PaCO; is lacking.
Therefore, in this study, we proposed to use a novel
device for monitoring micro-bypass PerCO»
(Capnostream™ 20p Bedside Monitor with Apnea-Sat
Alert Algorithm) to monitor post-extubation patients in
PACU during recovery from general anesthesia and to
analyze the correlation between micro-bypass PerCO; and
PaCo,.
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1 Information and methodology
1.1 General information

This study was approved by the Ethics Committee of
Jiangsu Provincial Tumor Hospital (Ethics Approval No.
2021Technology-012). The patients or their families
signed the informed consent. One hundred and twenty
patients who underwent elective abdominal surgery from
January to May 2021 in Jiangsu Provincial Cancer
Hospital were selected. The random number table method
was adopted to divide the patients into the low-flow group
(L group), the medium-flow group (M group), and the
high-flow group (H group), with 40 cases in each group.

(1) Inclusion criteria: (1)American society of
Aneshesiologists physical status classification system
(ASA classification) II or III; (2)age of 18-64 years old;
(3)Body mass index (BMI) <28 kg/m2 (2) Exclusion
criteria:  (Dpreoperative ~ coexistence  of  serious
cardiopulmonary diseases; (2)obvious abnormalities of
maxillofacial anatomy; (3)unplanned transfer to the
intensive care unit (ICU) after surgery; (4)the patient or
family members requested to withdraw from the trial.

1.2 Methodology

1.2.1 Anesthesia methods

All patients were free of pre-anesthetic drugs, and
blood pressure (BP), heart rate (HR), electrocardiogram
(ECG) and pulse oxygen saturation (SpO,) were routinely
monitored after entering the operating room. Radial artery
puncture was performed under local anesthesia for
pressure measurement. Anesthesia was induced with 0.02-
0.05 mg/kg midazolam, 0.3-0.5 pg/kg sufentanil, 1-2
mg/kg propofol, and 0.2 mg/kg cis-atracurium. Continuous
intravenous pumping of 4-8 mgekg 'sh"!' propofol, 0.1-0.2
pgekglemin'  remifentanil,  0.2-0.4  pgekgleh’!
dexmedetomidine, and 0.1-0.15 mgekg'*h™! cisatracurium
were used for maintenance, and the Narcotrend index
(Narcotrend™ Monitor and the Electroencephalogram)
was maintained at D-E (27-56). Mechanical ventilation
was performed in volume control mode, with tidal volume
set at 6-8 ml/kg (ideal body weight), respiratory rate (RR)
at 12-16 beats/min, inspiratory to expiratory ratio at 1:2,
and inspired oxygen concentration at 60%, and respiratory
parameters were adjusted so that PerCO, was maintained
at 35-45 mmHg, and SpO, was maintained at more than
95%. After the operation, the patient was admitted to the
PACU to continue monitoring and treatment, and patient-
controlled intravenous analgesia was used.

1.2.2 Extraction conditions

The criteria for removing the endotracheal tube were
1. the patient was awake and could respond to the
call;
2. choking and swallowing reflexes were restored;

3. the head could be lifted off the pillow
continuously for more than 5 seconds;
4. hemodynamic stabilization;
5. stable respiration, with a respiratory rate of 10-20
beats/min and PerCO, <45 mmHg.
The endotracheal tube was removed after assessment by
an experienced anesthesiologist in the PACU.

1.2.3 Subgroup treatment

In group L, group M, and group H, the oxygen flow
rate was 2, 4, and 6 L/min via a nasal catheter after
extubation, and the PETCO, monitoring equipment
(Capnostream™ 20p Bedside Monitor with Apnea-Sat
Alert Algorithm) was used for continuous monitoring of
PETCO,. Arterial oxygen partial pressure (PaO;) and
PaCO, were measured at 30 min of extubation. Specific
subgroups and oxygen flow rates were unavailable to the
subjects and the investigator who collected the data
throughout the study and were blinded when the trial was
completed.

1.3 Observation indexes

(1) Preoperative general data included gender, age,
BMI, American Society of Anesthesiologists (ASA)
classification, past history (hypertension, diabetes mellitus,
history of radiotherapy, history of smoking, history of
alcohol consumption, and history of surgery); (2)
Perioperative data included the type of surgery
(luminal/open), surgical site, volume of rehydration
solution, whether or not to transfuse blood, amount of
blood, amount of urine, surgical time, and time of
extubation. The primary observation indexes were PerCO,
and PaCO; in each group at 30 min of extubation. The
secondary observation indexes were PaO,, SpO,, and RR
in each group.

1.4 Statistics Methods

SPSS 26.0 software was used to analyze the data.
Measurement data conforming to normal distribution
were expressed by x+s, and comparisons were made
using one-way ANOVA and SNK-q test for two-by-two
comparisons. Count data were expressed as cases (%)
and compared using the y> test. Pearson correlation
analysis was performed for PerCO, and PaCO; data.
P<0.05 was considered a statistically significant
difference.

2 Results
2.1 Comparison of clinical data

No patients were excluded from the trial, and a total
of 120 patients were included in the study. The differences
in the general data, past history, surgical site, and
perioperative data of the three groups of patients were not
statistically significant (P>0.05). [ Table 1]
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Tab.1 Comparison of clinical data among three groups (1=40, xs)

Item GroupL GroupM  GroupH ZIF P
value value
General
information
MalefFemale 25/15 2218 2713 1340 0512
(case)
Age (years, xs) 53.3#05 539478 51.048.7 1139 0.323
BMI (kg/m?, xds) 24.142.9 24.043.6 249433 0.905 0.407
ASA TI/III (case) 36/4 33/7 31/9 2.280 0.320
Past history [cases
(%0)]
Hypertension 8(20.0) 7(17.5) 6(15.00 0.346 0.841
Diabetes 4 (10.0) 5(12.5) 3(7.5) 0.556 0.758
History of
radiotherapy 6 (15.0) 5(12.5) 6(15.0) 0.137 0.934
Smoking history 4 (10.0) 5(12.5) 4(10.0) 0.173 0.917

Drinking history 1(2.5) 2 (5.0) 2 (5.0) 0.417 0.812

Surgical history 4(10.0) 6 (15.0) 5(12.5) 0457 0.796
Perioperative

information

Luminal/open 13/27 9/31 1030 1108 0575
(case)

Replenishment
volume (ml, xs)
Blood

2,0503516 1,9884572 1,8884348 1.122 0.329

transfusions [case 6 (15.0) 5 (12.5) 2 (5.0) 2309 0.428
(%0)]

Bleedingvolume 7067 o0gs08 293499 0651 0523
(mL, xd3s)

Urine volume 3254111 3564106 332496  0.968 0.383
(mL, xds)

Surgical time 148465 142458 146267 0093 0.912
(min, x4s)

Extubationtime 0 c 1136 3834134 3724120 0128 0880
(min, xd4s)

2.2 Comparison of Per CO; , PaCO;, PaO;, SpO;
and RR among three groups

At 30 min of extubation, the differences between the
three groups PgrCO, , PaCO, , and RR were not
statistically significant (P>0.05). PaO, and SpO, in group
L were significantly lower than that in group M and group
H, and the differences were statistically significant
(P<0.05). [Table 2]

Tab.2 Comparison of Pgr CO2, PaCO2, PalOZ , SpO; and RR among
three groups (n=40, X3s)

Indicators Group L Group M Group H 5 s
value value

PaCO2

(mmHg) 42.5843.50 41534343 41.054354 2.01 0.139

PerCO2

(mmHg) 40.6843.03 40.1043.48  40.03+4.00 0.41 0.665

PaO: 109.68429.48 150.35#44.6 169.40451.3 2041 <0.00

(mmHg) % 5 0 Tl

SpO2 (%) 98.58+1.68% 99.40+1.15 99.50+1.11 5686 0.004

RR

(beats/min  14.5343.11 14634354 145044.30 0.014 0.987

)
Note:* P<0.05 compared with group H;> P<0.05 compared with group M.

2.3 Correlation analysis between PerCO; and PaCO;

Pearson correlation analysis was performed between

PerCO; and PaCO; in each group, and there was a positive
correlation between PerCO, and PaCO, in group L, group
M, and group H (»=0.931, 0.878, 0.838, P<0.01).

3 Discussion

Clinically, to avoid hypoxemia after removal of the
tracheal tube in patients under general anesthesia, oxygen
is usually administered continuously via nasal cannula,
with an oxygen flow rate of no more than 6 L/min[14]. The
PACU is a high-incidence site for airway adverse events,
and residuals of opioids, skeletal and muscular relaxants,
benzodiazepines, and other sedative-hypnotic medications
can increase the risk of postoperative hypoventilation and
respiratory depression. Kawanishi et al.[15] found that,
among all the sites of adverse airway events, the
probability of occurrence in the PACU was 16%, and about
1/4 of the adverse airway events occurred at the end of
anesthesia or in the PACU. Anesthesiologists in the PACU
mainly rely on the SpO; to identify hypoxemia and airway
obstruction, but the SpO; is poorly sensitive and has a lag,
which poses a risk to anesthesia management[16]. It has
been found that during procedural sedation, SpO:
maintains more than 90% during severe hypoventilation
lasting 90 seconds. However, when oxygen reserves are
depleted, SpO, decreases rapidly, and hypoxia occurs[17].

Hypoxia in PACU patients usually occurs because of
inadequate ventilation, CO; retention, and airway
obstruction, so monitoring PaCO», which reflects changes
in ventilatory function, is more critical than SpO5[18].
PaCO; is the gold standard for reflecting a patient's
ventilatory function, but it requires arterial blood gas
analysis, which is invasive and cannot be measured
continuously. Under normal conditions, PaCO; strongly
correlates with PetCO», and CO; diffuses quickly between
the alveoli and the blood and is excreted at the end of the
respiratory cycle. The difference between the two is
minimal, usually ranging from 2 to 5 mmHg, so PETCO2
is indirectly used to measure PaCO3[19]. PerCO:
monitoring has the advantages of easy operation, non-
invasive, and real-time dynamic monitoring, which is
currently widely used in clinical anesthesia. The traditional
bypass PgrCO, monitoring can measure the partial
pressure of CO; in the respiratory circuit during
mechanical ventilation and display it as carbon dioxide
tracings. However, it does not apply to patients who are
breathing spontaneously after removing the endotracheal
tube in the PACU. Moreover, the traditional bypass
PerCO, monitoring requires a large volume of gas
sampling, a high sampling flow rate, a long response time,
the need for filtration, poor accuracy, and the need to be
equipped with an accumulation cup to prevent water vapor
from blocking the sampling tubes.

The new micro-bypass Per CO, monitoring device
has a uniquely designed sampling line to collect and
measure the partial pressure of CO; in the exhaled breath
of spontaneously breathing patients through the nose, with
a small spectral range, without filtering, and with a
requirement for gas samples as low as 15 pL, a lower
sampling flow rate (50 mL/min), and a more sensitive
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recognition of apnea and other events.’®! Meanwhile, a
drying tube that can adsorb condensate in the sample line
to prevent water vapor from clogging the line, thus
eliminating the need for a water collection cup. Micro-
bypass PerCO; monitoring is commonly used during
painless endoscopy™!”?!l. A study of 150 patients
undergoing percutaneous gastrostomy found that airway
interventions based on micro-bypass PerCO, monitoring
reduced the incidence of hypoxemia from 57% to 28%!71.
A meta-analysis of nine clinical trials comprising 3,088
patients showed that PrrCO, monitoring significantly
reduced the incidence of hypoxemia and severe hypoxemia
during painless endoscopy. However, there are fewer
studies on the use of PerCO, monitoring in post-extubation
patients within the PACU, and there is a lack of studies on
the relevance of PerCO; and PaCOs,.

The results of this study showed that the PaO, and
SpO; of patients in the 2 L/min group were significantly
lower than those in the 4 L/min group and the 6 L/min
group, and the difference between the three groups of
PaCO, and PprCO, were not statistically significant.
However, the micro-bypass flow PgrCO; and PaCO, were
highly correlated at 30 min after extubation, which
indicated that the micro-bypass flow PerCO could be more
accurately reflected the PaCO of the patient's body as the
correlation decreased with the increase in inhaled oxygen
flow, and it was speculated that the reason might be the
higher flow of oxygen therapy. It is also found that the
correlation between PerCO; and PaCO; decreases with the
increase of inhaled oxygen flow rate. It is hypothesized
that the reason may be that when the oxygen therapy flow
rate is higher, the gas collected by the sampling tube is
diluted by the gas of higher oxygen therapy flow rate,
which leads to the increase of the difference between
PerCO; and PaCOs.

There are some shortcomings in this study. First,
influenced by patient turnover in the PACU, the
observation point was chosen to be 30 min after removal
of the endotracheal tube, and the relevance of more time
points is unclear. Second, the inclusion of this study was
for adults with normal lung function, and the clinical
application in patients with high rates of secondary
intubation, such as chronic obstructive pulmonary disease,
old age, obesity, coronary artery disease, and thoracic
surgery, needs to be further explored.

In conclusion, the microparasite Pgr CO, monitoring
device has good applicability in patients after removal of
endotracheal tube in PACU, and the micro-parasite PerCO,
maintains a high correlation with PaCO, at all oxygen flow
rates, with the highest correlation at a flow rate of 2 L/min,
which can be used as an important reference to evaluate the
PaCO, data.
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Correlation between microstream P, CO, and PaCO, in patients with

general anesthesia after tracheal catheter removal
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Abstract: Objective To evaluate the correlation between microstream partial pressure of end-tidal carbon dioxide
(P CO,) and arterial partial pressure of carbon dioxide (PaCO,) in patients with general anesthesia after tracheal
catheter removal. Methods A total of 120 patients in Jiangsu Cancer Hospital undergoing abdominal operation under
general anesthesia were selected and randomly divided into 3 groups, with 40 patients in each group. Each group
received oxygen through nasal catheter at different flow rates: group L (2 L/min), group M (4 L/min) and group H
(6 L/min). After 30 min of tracheal catheter removal, the value of P, CO, was recorded and arterial blood was drawn to
measure PaCO,, and the correlation between P, CO, and PaCO, was analyzed by Pearson. Results At 30 min of
extubation, the differences in P, CO,, PaCO,, and RR among the three groups were not statistically significant ( P>
0.05) ; Pa0O, and SpO, in group L were significantly lower than those in groups M and H (P<0.05). There was a high
correlation between microstream P, CO, and PaCO, in group L, M and H (r =0.931, 0.878 and 0.838, P<0.01), and
the correlation coefficients decreased with the increase of oxygen flow. Conclusion When microstream P, CO, is used
to monitor patients under general anesthesia in PACU after tracheal catheter removal, there is a high correlation between
P+ CO, and PaCO, at 2-6 L/min oxygen flow, which can be used as an important reference for the evaluation of PaCO,.
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1 SHUGKARLE  (n=40)
Tab. 1 Comparison of clinical data among three groups (n=40)

E| L& M 21 H#4 X*/F P
— e
H/4e (1)) 25/15 22/18 21713 1.340  0.512
AERY (%, xs) 53.3£10.5 53.9+¢7.8 51.0¢8.7 1.139  0.323
BMI (kg/m?, x+s) 24.1£2.9 24.0£3.6 24.9+33 0905  0.407
ASA II/1M%% (f1) 36/4 33/7 31/9 2.280  0.320
WEAE s [ 1 (%) ]
IR 8(20.0)  7(17.5)  6(15.0)  0.346  0.841
SR 4(10.0)  5(12.5)  3(7.5) 0556  0.758
idizigu 6(15.0)  5(12.5) 6(15.0) 0.137 0.934
W A 4(10.0)  5(12.5)  4(10.0)  0.173  0.917
R 1(2.5) 2(5.0)  2(5.0) 0417 0812
FARH 4(10.0)  6(15.0) 5(12.5) 0457 0.79
FAM R
i e/ FE (B 13/27 9/31 10730 1.108  0.575

i (mL, &+s) 2050+516 1988+572 1888+348 1.122  0.329
i [F1(%) ] 6(15.0) 5(12.5)  2(5.0) 2309 0.428
Wi g (mL, x+s) 275+87  298+98  293x99  0.651  0.523
SR (mL, s) 325+111 356106 332496  0.968  0.383
FARREIE (min, x+s)  148£65  142+58  146£67  0.093  0.912
AR (min, x5) 38.6+13.6 38.3%13.4 37.2¢12.0 0.128  0.880

*£2 =4 P.CO, PaCO, Pa0, SpO, F1 RR lL# (n=40, %+s)

Tab. 2 Comparison of P, CO, ,PaCO, ,Pa0O, ,SpO, and

RR among three groups (n=40, x+s)
Eista L4 M 4 H 4 Ffi P
PaCO,(mmHg)  42.58+3.50  41.53+3.43  41.05+3.54 2.010 0.139
PprCO,(mmHg)  40.68£3.03  40.10£3.48  40.03+4.00  0.410 0.665
Pa0,(mmHg)  109.68+29.48% 150.35+44.65 169.40+51.30 20.324 <0.001
Sp0,(%) 08.58+1.68"  99.40+1.15  99.50+1.11  5.686 0.004
RR(¥X/min) 14.53£3.11  14.63+3.54  14.5024.30  0.014 0.987

5 H A HA, P<0.05; 5 M 41, * P<0.05,
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