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Abstract
Background: We investigated the differences between partial pressure of arterial carbon dioxide
and end-tidal carbon dioxide (P(a-ET)CO2) with respect to the Broca-Katsura index (BKI), which is
an obesity index, in obese patients during general anesthesia. Materials and Methods: From January
2003 to December 2013, we studied 601 patients aged 16 years old or over undergoing general
anesthesia. Patients had American Society of Anesthesiology physical status I and II and we reviewed
their anesthetic charts. The P(a-ET)CO2 with respect to the BKI divided patients into two groups: 16
to < 65 years old, and ≥ 65 years old, and compared the P(a-ET)CO2 values between the two groups.
Results: In patients aged 16 to < 65 years old, the mean P(a-ET)CO2 was 2.2 ± 3.1 mmHg at BKI <
20%; 3.3 ± 3.1 mmHg at 20% < BKI < 40%; and 5.5 ± 5.0 mmHg at 40% < BKI < 60%. In patients
aged ≥ 65 years old , the mean P(a-ET)CO2 was 3.2 ± 4.1 mmHg at BKI < 20%; 4.3 ± 3.6 mmHg at 20%
to < 40%; and 4.4 ± 3.3 mmHg at 40% to < 60%. Conclusion: The P(a-ET)CO2 tends to increase in
obese patients during general anesthesia with increasing BKI in patients aged 16 to < 65 years old.
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1. Introduction

End-tidal carbon dioxide (ETCO2) measurement is an important measuring to identify intraoperative ventilatory
problems in patients undergoing general anesthesia with tracheal intubation and positive pressure ventilation [1].
ETCO2 refers to the partial pressure of carbon dioxide at the end of expiration and reflects arterial carbon dioxide tension (PaCO2) [2]. ETCO2 is used to set minute ventilation during general anesthesia but ETCO2 and
PaCO2 are not identical during general anesthesia and the difference reflects the degree of alveolar dead space
(VDalv) [3]. With ventilation-perfusion (V/Q) mismatch, VDalv increases and vascular resistance in high perfusion
alveolar areas decreases, resulting in redistribution of blood flow away from low perfusion alveolar areas [3] [4],
decreased ETCO2 results from the dilution effect of alveolar PCO2 (PaCO2) with gas from VDalv [3].
Obese patients undergoing general anesthesia in the supine position experience intrapulmonary shunting and
V/Q mismatch [5] [6], which worsens with increasing body mass. Several previous reports discuss the differences between ETCO2 and PaCO2 (P(a-ET)CO2), but none describe obese patients undergoing oral and maxillofacial surgery under general anesthesia. The Broca-Katsura index (BKI) [7]-[9] is an obesity index modified
for Japanese patients and is used occasionally in preoperative anesthesia evaluation to determine whether an
adult is obese. Few reports have evaluated P(a-ET)CO2 with respect to the BKI during general anesthesia.
We investigated P(a-ET)CO2 with respect to the BKI in obese patients undergoing oral and maxillofacial surgery during general anesthesia in the supine position, and divided patients into two groups: 16 to <65 years old
and ≥65 years old, and then compared the P(a-ET)CO2 values between the two groups.

2. Materials and Methods
This retrospective study was approved by the Committee on Clinical Investigation for human research at Iwate
Medical University (approval number, 01219). We analyzed the records of 519 patients aged ≥16 years old undergoing general anesthesia for oral and maxillofacial surgery and dental procedures in our department from
January 2003 to December 2013. Exclusions included smoking, respiratory disease, and cardiopulmonary disease. Additional inclusion criteria were an American Society of Anesthesiology (ASA) physical status of I and II
and we retrospectively reviewed patients’ charts for age, height, weight, % forced vital capacity (%FVC), %
forced expiratory volume in 1s (FEV1.0%), and the difference between PaCO2 and ETCO2.
Patients were first divided into two groups by age: 16 - 65 years old, and ≥65 years old. Each group was then
divided by BKI, which was calculated as follows: BKI(%) = {weight in kg − (height in centimeters − 100) ×
0.9}/(height in centimeters − 100) × 0.9 to determine whether the adult was obese.
The first group (16 to <65 years old) was sub-divided into three groups: A group (normal; BKI < 20%); B
group (mild obesity; 20% < BKI < 40%); and C group (moderate obesity; 40% < BKI < 60%). The second
group (≥65 years old) was also divided into three groups: D group (normal; BKI < 20%); E group (mild obesity;
20% < BKI < 40%); and F group (moderate obesity; 40% < BKI < 60%).
Anesthesia was induced with intravenous propofol (1 - 2 mg/kg of ideal body weight) or thiopental sodium (3
- 5 mg/kg of ideal body weight), and vecuronium bromide (0.1 mg/kg of ideal body weight) or rocuronium bromide (0.8 mg/kg of ideal body weight) was used to induce muscle relaxation. After tracheal intubation, anesthesia was maintained in almost all patients with sevoflurane (1% - 2%) and nitrous oxide gas if necessary, and
mechanical ventilation. We used an oral RAE® (Covidien, Mallinckrodt, Ireland) cuffed endotracheal tube with
a Murphy’s eye for oral intubation and the Parker Flex-Tip® PFHV (Parker Medical, Highlands Ranch, CO,
USA) with nasal intubation. The ventilator settings were as follows: tidal volume 8 - 10 ml/kg of ideal body
weight, respiratory rate 10 - 12 breaths/min, peak airway pressure < 20 cm H2O, PEEP 0 cm H2O, and inspiratory oxygen concentration 33% or 40%. A blood sample was drawn from the radial artery or dorsalispedis artery
and analyzed for blood gases 30 - 60 min from the start of the procedure once the patient was stable.
Values are presented as mean ± S.D. SPSS version 11.0 (SPSS, Inc., Chicago, IL, USA) was used for statistical analysis, using one-way ANOVA followed by multiple-comparison testing using the Scheffe test among
groups. The relationship between P(a-ET)CO2 and BKI or age was investigated by Pearson’s correlation coefficient test. Correlation coefficients were obtained using simple regression analysis (Excel software, 2003; Microsoft, Redmond, WA, USA). Significance was set at a p-value < 0.05.

3. Results
Patient characteristics and laboratory data are presented in Table 1. Comparing groups A, B, and C, we found
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Table 1. Patients’ profiles and laboratory data by BKI and age. (a) aged 16 - 65 years old; (b) aged ≥ 66 years old.
(a)
Broca-Katsura index (%)

0 to <20

20 to <40

40 to <60

Group

A

B

C

Number

208

127

38

Age (yrs)

43.1 ± 14.8

46.0 ± 13.5

44.4 ± 14.4

Height (cm)

163.7 ± 8.8

160.2 ± 9.0

159.6 ± 9.7

Weight (kg)

58.5 ± 9.9

70.1 ± 10.2*

78.4 ± 11.7*,†

%FVC (%)

112.5 ± 15.6

109.0 ± 4.1

108.3 ± 1.4

FEV1.0% (%)

82.4 ± 5.9

82.2 ± 6.1

83.1 ± 2.2

a-ETCO2 (mmHg)

2.2 ± 3.1

3.3 ± 3.1*

5.5 ± 5.0*,†

*p < 0.05 vs. group A, †p < 0.05 vs. group B.

(b)
Broca-Katsura index (%)

0 to <20

20 to <40

40 to <60

Group

D

E

F

Number

85

40

21

Age (yrs)

74.3 ± 5.2

73.6 ± 6.1

74.9 ± 6.4

Height (cm)

154.7 ± 8.3

150.8 ± 8.2

149.1 ± 9.1*

Weight (kg)

51.3 ± 7.7

60.1 ± 8.9*

66.2 ± 12.2*,†

%FVC (%)

102.8 ± 19.0

102.0 ± 13.7

99.2 ± 13.2

FEV1.0% (%)

78.6 ± 5.1

81.3 ± 8.5*

81.1 ± 10.6

a-ETCO2 (mmHg)

4.3 ± 3.5

4.7 ± 3.0

4.8 ± 3.3

*p < 0.05 vs. group E, †p < 0.05 vs. group F. Data are presented as mean ± standard deviation.

no significant differences in age, height, %FVC, or FEV1.0%, and significant differences in body weight and
P(a-ET)CO2. The mean P(a-ET)CO2 was 2.2 ± 3.1 mmHg at BKI < 20%; 3.3 ± 3.1 mmHg at 20% < BKI < 40%;
and 5.5 ± 5.0 mmHg at 40% < BKI < 60%. The P(a-ET)CO2 increased significantly with BKI (Table 1).
Comparing groups D, E, and F, we found no significant differences in age, %FVC, FEV1.0%, or P(a-ET)CO2,
with significant differences in height comparing group F with group D and FEV1.0% comparing group E with
group D. The mean a-ETCO2 was 4.3 ± 3.5 mmHg at BKI < 20%, 4.7 ± 3.0 mmHg at 20% < BKI < 40%; and
4.8 ± 3.3 mmHg at 40% < BKI < 60%. The P(a-ET)CO2 tended to increase with increasing BKI (Table 1).
In group at age of 16 to <65 (Figure 1), the correlation between P(a-ET)CO2 and BKI (20% to <60%);
P(a-ET)CO2 linearly increased with increasing BKI (P(a-ET)CO2 = 1.5744 + 0.0839 × BKI; R = 0.22; p < 0.05),
and there was a slight correlation between the two. In group 20% < BKI < 40% and 40% < BKI < 60%, there
was not a significant correlation between P(a-ET)CO2 and age (R = 0.068 and 0.058). In group at age of ≥65
(Figure 2), there was not a significant correlation between P(a-ET)CO2 and BKI (20% to <60%) (R = 0.033). In
group 20% < BKI < 40%, there was a slight correlation between the two (R = 0.322; p < 0.05). In group 40% <
BKI < 60%, there was not a significant correlation between P(a-ET)CO2 and BKI (20% to <60%) (R = 0.076).

4. Discussion
In this study we found out two important issues. A standard value for P(a-ET)CO2 in obese patients in the supine
position during general anesthesia is determined with respect to BKI. The P(a-ET)CO2 tends to increase in patients aged 16 to <65 years old, and in those aged ≥65 years old.
First, a standard value for P(a-ET)CO2 in obese patients in the supine position during general anesthesia is
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Figure 1. Relationship between arterial to end-tidal partial pressure gradient of carbon dioxide and Broca-index at
20% to <60% or age between 16 to <65 years old. (a) Broca-Katsura index at 20% to <60%; (b) Broca-Katsura index
at 20% to <40%; (c) Broca-Katsura index at 40% to <60%.

Figure 2. Relationship between arterial to end-tidal partial pressure gradient of carbon dioxide and Broca-index at 20
to <60% or age ≥65 years old. (a) Broca-Katsura index at 20% to <60%; (b) Broca-Katsura index at 20% to <40%; (c)
Broca-Katsura index at 40% to <60%.
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determined with respect to BKI. The mean P(a-ET)CO2 was 2.2 ± 3.1 mmHg at BKI < 20%; 3.3 ± 3.1 mmHg at
20% < BKI < 40%; and 5.5 ± 5.0 mmHg at 40% < BKI < 60% in group at the age of 16 to <65. The mean
a-ETCO2 was 4.3 ± 3.5 mmHg at BKI < 20%, 4.7 ± 3.0 mmHg at 20% < BKI < 40% and 4.8 ± 3.3 mmHg at 40%
< BKI < 60% in group at the age of ≥65. Generally, ETCO2 is a function of alveolar ventilation, pulmonary perfusion, CO2 production, and the ventilation-perfusion relationship [10]. In patients without lung disease, who are
undergoing general anesthesia, ETCO2 is presumed to be approximately 5 mmHg lower than the PaCO2 value
under normal steady state conditions [11]. The changes in P(a-ET)CO2 are due to changes in ETCO2 because
PaCO2 remains constant. The exception to this is when FIO2 = 0.97 and changes are more likely to be due to the
dilution effect of alveolar PaCO2 with gas from alveolar dead space (VDalv) [3]. The mechanism explaining increasing VDalv with increasing FIO2 was that high FIO2 reduced vascular resistance in high perfusion alveolar
areas, resulting in the redistribution of blood flow away from alveolar perfusion [3] [4]. The P(a-ET)CO2 was
primarily a reflection of respiratory dead space (primarily alveolar dead space), and to a lesser degree, may also
reflect venous admixture [12]. The P(a-ET)CO2 found in neurosurgical patients during craniotomy suggested the
presence of higher intraoperative respiratory dead space than previously reported for surgery patients [13].
Intrapulmonary shunting is also thought to influence P(a-ET)CO2, leading to increased differences resulting
from increased PaCO2 with venous admixture [3]. A major cause of intrapulmonary shunting during general
anesthesia is the development of atelectasis [14]. However, induction-induced atelectasis likely persists, having
little impact on the phase increases in P(a-ET)CO2 [3].
Second, the P(a-ET)CO2 tends to increase in patients aged 16 to <65 years old, and in those aged ≥65 years
old. In group at the age of 16 to <65, there was a slight correlation between P(a-ET)CO2 and BKI(20 to <60%)
(R = 0.22; p < 0.05). In group at the age of ≥65, there was a slight correlation between P(a-ET)CO2 and age (R =
0.322; p < 0.05) in group 20% < BKI < 40%. Pelosi et al. [15] reported that PCO2 was not correlated with Body
Mass Index during general anesthesia, as previously reported in awake and anesthetized obese subjects without
obesity hypoventilation syndrome [16]. It was thought that in obese patients the increased P(a-ET)CO2 was
caused by decreases in ETCO2 resulting from the dilution effect of PaCO2 with gas from VDalv [3]. This is based
on intrapulmonary shunting and V/Q mismatch developing with increasing body mass or BKI [5] [6]. Although
the mechanisms explaining the development of intrapulmonary shunting and V/Q mismatch during general
anesthesia in our study are unclear, we believe that the major causes of P(a-ET)CO2 with increasing BKI are
likely related to decreased ETCO2 resulting from the PaCO2 dilution with gas from VDalv. In this study, the correlation between P(a-ET)CO2 and age was lower (R = 0.322) than that reported previously in other clinical situations. In a study of elective craniotomies, Russell and Graybeal [13] reported a correlation coefficient (r) of
0.632 in the supine position and an r2 of 0.61 in the supine position. The ETCO2 did not provide a stable reflection of PaCO2 in this study.
There are some limitations to our study. First, the data in this study are measured at one time during general
anesthesia. It is needed to be compared at least two points. But we believe that the data provided accurate and
reliable information on the changes in P(a-ET)CO2 in obese patients and are clinically useful for management of
anesthesia. Second, these data are only determined on Japanese obese patients since the Broca-Katsura index is
an obesity index modified for Japanese patients. Further research needs to be done to investigate whether our
results correlate with Body Mass Index.

5. Conclusion
We evaluated P(a-ET)CO2 with respect to BKI, an obesity indicator, in obese patients in supine position during
general anesthesia. A standard value for P(a-ET)CO2 in obese patients in the supine position during general
anesthesia is determined with respect to BKI. The P(a-ET)CO2 tends to increase in patients aged 16 to <65 years
old, and in those aged ≥65 years old. We believe that the data provide reliable information on the changes in
P(a-ET)CO2 and are clinically useful for management of anesthesia in obese patients.
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