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Abstract

Background: The relationship between intraoperative end-tidal CO, (etCO;) levels and postoperative outcomes remains
unclear. We conducted a post hoc analysis of two randomised trials in adults undergoing major surgery under general
anaesthesia.

Methods: We re-analysed individual participant data comparing high or low positive end-expiratory pressure with low
tidal volume intraoperative ventilation using a merged database derived from two randomised trials in non-obese
(PROVHILO: ISRCTN70332574) and obese (PROBESE: NCT02148692) patients. The exposure of interest was low etCO; (<4.7
kPa) vs normal-high etCO, (>4.7 kPa). The primary outcome was postoperative pulmonary complications within 5 days. A

time-weighted etCO, analysis and propensity score matching were also performed to adjust for confounding.

Results: Of 2793 participants, 891 (29.4%; 52% female) had low etCO,, compared with 1972/2793 (70.6%; 65% female)
participants with normal-high etCO,. Compared with participants with normal-high etCO,, higher minute volumes
(normalised to body weight) were delivered in participants with low etCO,. Postoperative pulmonary complications
developed in 278/821 (34%) participants with low etCO,, compared with 462/1972 (23%) participants who had normal-high
etCO; (adjusted hazard ratio, 1.3; 95% confidence interval, 1.1—1.6; P<0.001). The time-weighted analysis showed an
inverse linear relationship between the mean etCO; and postoperative pulmonary complications, which was also

confirmed by propensity matching.

Conclusions: Low etCO; occurs often during intraoperative ventilation and is associated with a higher rate of PPCs. The
etCO; level has an inverse dose-dependent relationship with postoperative pulmonary complications.

Clinical trial registration: NCT05550181.

Keywords: anaesthesia; carbon dioxide; end-tidal COj; etCO,; intraoperative ventilation; invasive ventilation; post-

operative pulmonary complications; PPCs

Editor’s key points

e The relationship between intraoperative end-tidal
CO; (etCO,) levels and postoperative outcomes re-
mains unclear.

e The authors hypothesised that time-weighted, low
etCO; (<4.7 kPa) was linked to postoperative pulmo-
nary complications after major surgery under general
anaesthesia.

e The authors conducted an individual participant

analysis of two randomised trials.

Low etCO, was associated with ~50% more post-

operative pulmonary complications.

These data require prospective randomised valida-

tion to establish whether etCO, 4.7-6.0 kPa should be

a ventilatory management target.

Patients receiving intraoperative ventilation during general
anaesthesia for surgery often have low end-tidal CO; (etCOy)
levels.!™” This suggests that anaesthesiologists use exces-
sively high tidal volume (V7), excessively high respiratory rates
(RRs), or both.’™ Lower intraoperative etCO, levels are asso-
ciated with postoperative mortality’ and hospital length of
stay.”’

However, the relationships between intraoperative etCO,
levels and patient factors, types of surgery, and ventilation
characteristics remain uncertain. It is also unclear whether
the association between lower etCO, levels (<4.7 kPa) and
poorer postoperative outcomes is independent of these fac-
tors. Therefore, we conducted an individual patient-level
analysis of two randomised clinical studies of intraoperative
ventilation, in which high positive end-expiratory pressure
(PEEP) was compared with low PEEP at a low Vr, in non-obese®
and obese® patients.

The specific aims of this post hoc analysis were two-fold.
First, we assessed the incidence of intraoperative low etCO,
levels and its relation to patient characteristics, types of sur-
gery, and intraoperative ventilation management. Second, we
determined the association between intraoperative low etCO;
levels and the development of postoperative pulmonary
complications. We hypothesised that intraoperative low etCO,
levels depend on patient characteristics, types of surgery, and
intraoperative ventilation management, and that intra-
operative low etCO; levels have an independent association
with the development of PPCs.

Methods
Study design

The protocol and statistical analysis plan for this study was
published at clinicaltrials.gov (NCT05550181). This is a post hoc
analysis of a merged database named ‘Re-evaluation of the
Effects of High PEEP with Recruitment Manoeuvres versus Low
PEEP without Recruitment Manoeuvres During General
Anaesthesia for Surgery’ (REPEAT; NCT03937375).2° The
REPEAT database contains intraoperative and postoperative
data of individual patients randomised in the ‘High versus Low
Positive End-expiratory Pressure During General Anaesthesia
for Open Abdominal Surgery study’ (PROVHILO)® and the
‘PRotective Ventilation with Higher versus Lower PEEP during
General Anaesthesia for Surgery in OBESE Patients study’
(PROBESE).? This database also contains data from patients
randomised in the ‘Individualized perioperative open lung
ventilatory strategy study’ (iPROVE),'! but these patients were
not included in the current analysis, as this study did not
capture etCO,.

The study protocol of PROVHILO was approved by the
institutional review board of the Amsterdam University Med-
ical Centers, location AMC, Amsterdam, The Netherlands
(reference number: METC 10/251311.17.417; ISRCTN70332574).


http://clinicaltrials.gov

Association between intraoperative etCO, and postoperative outcomes | 3

The study protocol of PROBESE was approved by the institu-
tional review board of the Technical University Dresden,
Dresden, Germany (reference number: BO-EK 515102021) and
registered at ClinicalTrials.gov (identifier NCT02148692). In
both studies, written informed consent was obtained from all
study subjects. Both studies adhered to the principles of Good
Clinical Practice.

Inclusion criteria

Participants were eligible for participation in PROVHILO or
PROBESE if they were (1) aged >18 yr; (2) at an intermediate to
high risk for PPCs according to the ‘Assess Respiratory Risk in
Surgical Patients in Catalonia for Postoperative Pulmonary
Complications’ (ARISCAT) risk score (>26); and (3) planned for
major surgery with an expected duration >2 h.

Exclusion criteria

The PROVHILO excluded patients with a BMI >40 kg m~2 and
PROBESE excluded patients with a BMI <35 kg m 2. Additional
exclusion criteria are detailed in Supplementary Table S1. For
the current analysis, we also excluded patients who under-
went urgent or emergency surgery, because we considered it
likely that these patients may have had metabolic abnormal-
ities at the time of surgery for which anaesthesiologists may
have adjusted intraoperative ventilator management. We also
excluded patients with missing etCO, recordings.

Data collection and calculations

For each participant, medical characteristics and surgical and
anaesthesia data including ventilatory parameters were
recorded (Supplementary Table S2). Respiratory parameters
were calculated for Vr (using predicted body weight [PBW]),
driving pressure,'> mechanical power of ventilation,* > and
respiratory system compliance (Supplementary material).

Endpoints

The primary endpoint in PROVHILO and PROBESE was a
collapsed composite of postoperative pulmonary complica-
tions within the first five postoperative days, and were further
classified by severity (Supplementary Table S3). Secondary
endpoints included unplanned ICU admission, hospital length
of stay, hospital mortality, and intraoperative complications
such as arrhythmia, hypotension, hypoxemia, and the need
for rescue manoeuvre.

Exposure of interest

An etCO; cut-off of 4.7 kPa was used to categorise patients as
‘low etCOy’ or ‘normal to high etCO,’ using the lowest intra-
operative etCO,, as was done in previous studies.>*’

Primary outcome

The primary outcome was the incidence of postoperative
pulmonary complications compared between participants
with ‘low etCO,’ and those with ‘normal-high etCO,’.

Statistical analysis

Participant characteristics and outcome variables are pre-
sented as mean or median (interquartile range [IQR]), or

number with percentage, where appropriate. Differences in
baseline characteristics between ‘low etCO,’ and ‘normal-
high etCO,’ patients were analysed using the Pearson %2 or
Fisher exact tests for categorical variables and one-way
analysis of variance (anova) or Kruskal-Wallis test for
continuous variables. Ventilator settings and ventilation
parameters were summarised for each participant using the
lowest etCO; at the first hour after the start of intraoperative
ventilation.

For the primary outcome, we used Fisher’s exact test and
also performed a time-to-event analysis (unadjusted Cox
proportional hazard model), considering mortality as a
competing risk for postoperative pulmonary complications
presented as Kaplan—Meier plots. We used a time-weighted
analysis to determine the association of the intraoperative
etCO, with postoperative pulmonary complications, using a
generalised mixed model. Locally estimated scatterplot
smoothing (LOESS) regression was used to see the relationship
between mean etCO, as a continuous variable and post-
operative pulmonary complications. A Box—Tidwell test was
performed to determine if the linearity assumption was met.
Two subgroup analyses were conducted with the primary
analysis, to compare the effects of low (control) and high
(intervention) PEEP, and the effect of open vs laparoscopic
surgery. We also performed propensity score matching
(Supplementary material). Because the primary outcome
consists of several binary pulmonary complications, we also
performed an additional analysis to investigate the hierarchy
of clinical importance within the individual components of
both the composite outcome and the combination of post-
operative pulmonary complications and patient-centred out-
comes, as a way to provide insights on the interpretation of
outcomes and provide information for future trials design
(Supplementary material).

Statistical significance was set at P<0.05. As all post hoc
analyses should be considered exploratory, no correction for
multiple testing was performed.'® All analyses were per-
formed using the R statistics version 4.0.4 (Core Team, Vienna,
Austria, 2021). PRISMA IPD 2015 guidelines were followed to
report the results of this analysis (Supplementary material).
No formal sample size calculation was performed for this
reanalysis of trial data.

Results
Participant characteristics

Between 2011 and 2018, the two studies enrolled 2870 partic-
ipants for analysis at 77 sites in 23 countries. We excluded 67
emergency surgery patients and 10 patients for missing etCO,
data, leaving 2793 patients for final analysis (Supplementary
Fig. S1). Participants with low and normal-high etCO, under-
went similar types of surgery (Table 1). Participants with low
etCO, were older, taller, and had a lower BMI and higher
ARISCAT risk scores (Table 1).

Ventilation characteristics

Compared with participants with normal-high etCO,, partici-
pants with low etCO; had higher Vt and a higher minute vol-
ume normalised to body weight (Table 2), with lower
mechanical power and higher respiratory system compliance,
both in the overall cohort and for those allocated to receive low
PEEP (Supplementary Table S4).
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Table 1 Participant characteristics. The data is presented as median (IQR). APACHE, Acute Physiology and Chronic Health Evaluation;
ARISCAT, Assess Respiratory Risk in Surgical Patients in Catalonia; COPD, chronic obstructive pulmonary disease; etCO,, end-tidal
carbon dioxide; PBW, predicted body weight; SAPS, Simplified Acute Physiology Score. *P<0.05 is for statistical significance.

Characteristics Low etCO, Normal-high etCO, P-value*
(n=821) (n=1972)

Age (y1) 62 (50—71) 51 (40—61) <0.001
Female sex, n (%) 431 (52) 1291 (65) <0.001
Height (cm) 168 (9) 166 (10) <0.001
Weight (kg) 88 (28) 112 (30) <0.001
PBW (kg) 61 (54—69) 59 (52—67) <0.001
BMI (kg m~?) 28 (24—38) 40 (36—46) <0.001
ARISCAT score 41 (34—42) 38 (31—41) <0.001
ASA physical status, n (%)

1 56 (7) 87 (4) 0.05

2 412 (50) 966 (49)

3 344 (42) 885 (45)

4 6 (1) 17 (1)
Comorbid disease, n (%)

Cancer 377 (46) 393 (20) <0.001

Heart failure 136 (17) 105 (5) <0.001

COPD 65 (8) 105 (5) 0.01
Surgery characteristics, n (%)

Abdominal 778 (95) 1837 (93) 0.12

Non-abdominal 43 (5) 134 (7)

Table 2 Ventilation characteristics (after 1 h). Data is presented as median (IQR). etCO,, end-tidal carbon dioxide; Fio,, fraction of
inspired oxygen score; PBW, predicted body weight; PEEP, positive end-expiratory pressure; Ppeak, peak pressure; Pplat, plateau
pressure. *Respiratory system compliance=ratio of tidal volume to driving pressure. 'Pplat was available only for the PROBESE study.

Characteristics Low etCO, Normal-high etCO, P-value
(n=821) (n=1972)
Tidal volume (ml kg~! PBW) 7.8 (7.1-8.1) 7.1 (7.0—7.5) <0.001
Respiratory rate (bpm) 12 (10—14) 5 (12—-18) <0.001
<10 84 (10%) 98 (6%) <0.001
10-15 623 (76%) 886 (45%)
>15 112 (14%) 967 (49%)
Fio, (%) 43 (40-50) 42 (40-50) 0.95
etCO, (kPa) 4.4 (4.1-4.7) 5.3 (5.1-5.9) <0.001
Respiratory system compliance* (ml cmH,0~?) 36 (27—49) 30 (23—40) <0.001
PEEP (cmH,0) 4 (2-12) 11 (4—12) <0001
Pplat’ (cmH,0) 22 (19-25) 23 (20—25) 0.12
Ppeak (cmH,0) 2 (18—26) 26 (23—30) <0.001
Driving pressure (cmH,0) 4 (10—18) 15 (11-19) 0.42
Power (J min~?) 1(9-14) 13 (10—16) <0.001
Minute volume (normalised to body weight) (ml kg~ min~?) 69 (57—83) 60 (51—69) <0.001
<60 239 (31%) 857 (50%) <0.001
60—80 298 (39%) 686 (41%)
80—100 170 (22%) 134 (8%)
>100 55 (8%) 26 (1%)
Primary endpoint Table S5). Outcomes after open abdomen surgery were

Postoperative pulmonary complications developed in 278/821
(34%) participants with low etCO, (Table 3), compared with
462/1972 (23%) participants with normal-high etCO, (hazard
ratio [HR], 1.51 [1.3—1.75]; P<0.001; Fig. 1a). This difference was
driven by the development of mild respiratory failure, bron-
chospasm, pulmonary infections, and pleural effusion
(Table 3), after adjusting for confounders (32% vs 25%; HR, 1.33
[1.12-1.57]; P<0.001; Fig. 1b) and PEEP levels (Supplementary

similar (Supplementary Table S6).

Secondary analyses

There was an inverse linear relationship between the mean
etCO, and postoperative pulmonary complications (Fig. 2,
Supplementary Fig. S2). The propensity-matched analysis
(Supplementary Fig. S3) confirmed the findings of the un-
matched analysis (Table 3). Low etCO, was associated with
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Table 3 Clinical Outcomes including postoperative pulmonary complications. ARDS, acute respiratory distress syndrome; etCO,, end-
tidal carbon dioxide. *Intraoperative hypoxemia was available only for the PROBESE study. 'The propensity-matched cohort was
matched on age, BMI, compliance, chronic obstructive pulmonary disease, and type of surgery.

Outcome Low etCO, Normal-high etCO, P-value
(n=821) (n=1972)

Postoperative pulmonary complications, n (%) 278 (34) 462 (23) <0.001
Bronchospasm 28 (3.4) 26 (1.3) <0.001
Pulmonary infections 71 (8.6) 66 (3.3) <0.001
Aspiration 4 (0.5) 3(0.2) 0.11
Atelectasis 56 (6.8) 114 (5.8) 0.29
ARDS 5 (0.6) 6 (0.3) 0.24
Pleural effusion 106 (12.9) 102 (5.2) <0.001
Mild respiratory failure 175 (21.3) 297 (15.1) <0.001
Severe respiratory failure 64 (7.8) 122 (6.2) 0.11

Intraoperative complications, n (%) 539 (66) 1185 (60) 0.006
Arrhythmia 61 (7.4) 130 (6.6) 0.42
Hypotension 314 (38.2) 528 (26.8) <0.001
Hypoxaemia* 24 (2.9) 158 (8) 0.19
Need for rescue manoeuvre 54 (6.6) 217 (11) <0.001

Unexpected ICU admission, n (%) 163 (19.9) 110 (5.6) <0.001

Hospital length of stay,median (IQR) (days) 8 (5—13) 4 (3-7) <0.001

Hospital mortality, n (%) 12 (1.5) 16 (0.8) 0.11

Propensity-matched cohort! (n=698) (n=1512)

Postoperative pulmonary complications, n (%) 221 (32) 371 (25) <0.001
Intraoperative complications, n (%) 452 (65) 921 (61) 0.08
more frequent unplanned admissions to ICU and longer hos- (P=0.42) and the development of postoperative pulmonary
pital length of stay (Table 3). complications.
Sensitivity analysis Win ratio analysis

Postoperative pulmonary complications were more frequent There was no difference in wins or losses in the pulmonary
in participants with low etCO,, irrespective of BMI (Table 4). endpoints (0.60; 95% confidence interval [CI], 0.51—0.70;
We found no interaction between PEEP (P=0.99) or ARISCAT Supplementary Fig. S4). The overall win ratio analysis of a

a b
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Fig 1. Incidence of postoperative pulmonary complications over 5 days after surgery in patients with or without hypocapnia. (a) Unad-
justed cohort. (b) Propensity-matched cohort. etCO,, end-tidal carbon dioxide; HR, hazard ratio; 95% CI, 95% confidence interval; PPCs,
postoperative pulmonary complications.
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Fig 2. Relationship between mean end-tidal carbon dioxide (kPa) and the primary outcome. (a) Unadjusted cohort. (b) Propensity-matched
cohort. Linearity of the relationship was confirmed using the Box—Tidwell test (P=0.75). PPCs, postoperative pulmonary complications.

Table 4 Sensitivity analysis for postoperative pulmonary
complications. Obesity: BMI >30 kg m~2. P<0.05 is significant.
etCO,, end-tidal carbon dioxide; PPCs, postoperative pulmo-
nary complications.

Outcome Low Normal-high P-
etCO, etCO, value
Obese patients with 108 (29%) 365 (23%) 0.007
PPCs
Non-obese patients 170 (38%) 97 (27%) 0.002
with PPCs

hierarchical order of patient-centred outcomes in 1 584 916
combinations was worse in participants with low etCO,
compared with participants with normal-high etCO; (0.37; 95%
CI, 0.32—0.41; Supplementary Fig. S5).

Discussion

In this post hoc individual-level meta-analysis of two large
RCTs in patients undergoing general anaesthesia for surgery,
trial participants with low etCO; had an increased risk of
postoperative pulmonary complications, despite the use of a
lung-protective intraoperative ventilation strategy. In addi-
tion, trial participants randomised to receive lower PEEP were
more likely to have low etCO,. There was an inverse rela-
tionship between the mean etCO, and postoperative pulmo-
nary complications. In our analysis, we found that mild
respiratory failure or hypoxemia was higher in the low etCO,
group, and was observed in nearly one-fifth of patients.
Bronchospasm, pleural effusion, and pulmonary infection
were also more common in patients with low etCO,.

Our findings are in line with previous studies. Hypocapnia
in mechanically ventilated patients has been attributed to
excessive alveolar ventilation. Although the protocol in both
RCTs mandated a low V-t for lung-protective ventilation (LPV)

with a target of <8 ml kg~ PBW, low etCO, was seen in 29% of
the patients. Previous observational studies also reported a
high incidence of hypocapnia, between 29% and 66%, during
general anaesthesia.>” The protocolised intraoperative venti-
lation limits the settings of Vr, Pplat, and PEEP. However,
titration of the RR was at the discretion of the anaesthesiolo-
gists to keep etCO, in the range of 4.7—6.0 kPa.”®' The use of
relatively higher Vr and a possible reluctance to reduce the RR
in compliant lungs despite low levels of etCO, may explain the
inadvertent hyperventilation and resultant low etCO,.

In our previous post hoc analysis of the LAS VEGAS (Local
ASsessment of Ventilatory management during General
Anaesthesia for Surgery) database, a prospective observa-
tional study, there was no difference in overall postoperative
pulmonary complications between low and normal-high
etCO, patients. However, the incidence of severe post-
operative pulmonary complications was higher in low etCO,
patients, with an inverse dose-dependent relationship.'® Few
other studies also described an association between intra-
operative hypocapnia and worse patient outcomes, such as
mortality and increased length of stay.” ’ The present study
was not designed to identify the potential sources of the
increased incidence of postoperative pulmonary complica-
tions. It is noteworthy that mechanical power, a surrogate of
lung strain, was lower in patients with low etCO,. This
discrepancy may be explained by the difference in respiratory
system compliance between low etCO, patients and those
with a normal-high etCO,. However, certain ventilator settings
associated with the lower etCO, group——particularly the use
of higher Vt and increased minute volume normalised to body
weight—may have contributed to the higher incidence of
postoperative pulmonary complications observed in this
group, which merits further exploration.

The primary endpoint of the two trials was a composite of
postoperative pulmonary complications. However, comparing
heterogeneous components can be challenging because of the
frequency, treatment effects, and clinical significance of
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individual outcomes.’® The win ratio analysis using hierar-
chical outcomes did not find a difference in postoperative
pulmonary complications, but the analysis including patient-
centred outcomes showed a less favourable outcome in pa-
tients with low etCO, compared with those with high or
normal etCO,. In the hierarchical order, this result appears to
be driven by a higher hospital mortality and longer hospital
length of stay in patients with low etCO,, without a mean-
ingful difference in the defined pulmonary endpoints. This
mirrors the results of the primary analysis, save for the
absence of difference in mortality between the groups.

Expiratory CO; is a surrogate for alveolar levels, as Paco;
could be higher than etCO; by 0.3—0.7 kPa. This gradient be-
tween Paco, and etCO, primarily reflects alveolar dead space.
The gradient may widen further in the presence of
ventilation—perfusion mismatch, elevated PEEP, pulmonary
pathology, or low right-sided cardiac output. Errors in etCO,
measurement techniques can also contribute to discrep-
ancies. In patients undergoing mechanical ventilation during
general anaesthesia, these factors——particularly increased
dead space and impaired perfusion——are key contributors to
the Paco,—etCO2 gap.”’~%? The sensitivity analysis suggested
PEEP did affect the primary endpoints of this study. However,
in the absence of arterial blood gas measurements, it remains
possible that etCO, underestimated Paco, in some patients,
and thus did not accurately reflect hypocapnia. Nevertheless,
a strong correlation has been observed in mechanically
ventilated patients, especially in those with healthy lungs.?>%!
Additionally, the association between inadvertent hyperven-
tilation and adverse postoperative outcomes, including post-
operative pulmonary complications, is consistent with
findings from other studies that included direct Paco, mea-
surements.’>?* Low cardiac output reduces pulmonary
perfusion and increases the Paco,—etCO, gradient.?!??
Notably, we observed a higher incidence of hypotension in
patients with low etCO, compared with those with normal-
high etCO,. However, in the absence of cardiac output mea-
surements, it remains unclear whether hypotension was a
consequence of inadvertent hyperventilation and resulting
hypocapnia or whether it contributed to a lower etCO, and
widened Paco,—etCO, gradient.

The physiological impact of hypocapnia in humans is
diverse, affecting multiple organs, and is not fully understood.
Among its most pronounced effects, hypocapnia can reduce
cerebral blood flow (CBF) and increase cerebral oxygen con-
sumption, thereby dissociating the relation of metabolism to
CBF.? In a recent study, pre-hospital hypocapnia (defined by
etCO; <4.7 kPa) was associated with lower survival in patients
with severe traumatic brain injury.’® Hypocapnia can
adversely impact ventilation—perfusing matching, mediated
by various mechanisms such as reducing respiratory system
compliance, attenuating hypoxic pulmonary vasoconstriction,
bronchospasm, and intrapulmonary shunting.?*~?% In an iso-
lated rat lung model, severe hypocapnia was associated with
an increased risk of pulmonary oedema, because it impaired
alveolar fluid resorption.?® Further, hypocapnia was linked to
cardiac arrhythmias and reduced stroke volume and tissue
oxygen delivery in experimental animals.>’ The evidence
suggesting potential harm in this patient-level meta-analysis
of prospective studies is compelling; however, it is important
to note that this analysis is post hoc. Therefore, it is imperative
that future prospective studies validate the advantages of
utilising intraoperative LPV that targets normal to elevated
levels of etCO,.

Our study has several strengths. This is the first individual
patient-level meta-analysis involving multi-centric large co-
horts with a strict analysis plan to evaluate the relationship
between low etCO; levels and postoperative pulmonary com-
plications. The studies included in this analysis used a proto-
colised LPV strategy with low Vr and lower Pplat, minimising
the impact of high Vr on lung injury.®® Additionally, we
explored the dose-dependent relationship between etCO; and
postoperative  pulmonary complications. Finally, the
propensity-matched cohorts mitigated the confounding effect
of known covariates. This study also has several limitations.
First, the merged databases included two previous RCTs
focused on the effect of intraoperative PEEP on postoperative
pulmonary complications. Hence, the relationship between
hypocapnia and postoperative pulmonary complications can
only be interpreted as an association and not a causal rela-
tionship. It is hypothesis-generating at best but shows a clear
signal which should be confirmed in a prospective trial. Sec-
ond, etCO;, was used as a surrogate marker for hypocapnia in
this post hoc analysis. However, without concurrent measure-
ments of cardiac output and Pacoy, it is plausible that some
patients had a substantial Paco,—etCO, gradient, and that not
all patients classified as having low etCO, were truly hypo-
capnic. Moreover, the higher incidence of hypotension
observed in low etCO, group may have influenced the results,
potentially through its impact on pulmonary perfusion and
the etCO, values.>*>' However, the linear association observed
in the LOESS plots provides a clear signal that lower CO; is
associated with more postoperative pulmonary complica-
tions. Third, we dichotomised CO, levels to enhance clinical
interpretability, reflecting threshold-based decision-making
common in practice. The cut-off was informed by previous
literature.>®’ Although continuous modelling (e.g. with
splines) may capture non-linear associations, the skewed
distribution in our dataset raised concerns about overfitting
and instability. Dichotomisation provided a parsimonious,
robust approach suitable for our sample size. We acknowledge
the trade-off in information loss and recommend future
studies explore continuous modelling in larger datasets.
Finally, although emergency surgery was excluded in this
study, recruited patients in both RCTs were at high risk for
PPCs. Hence, the increased risk of postoperative pulmonary
complications observed with low etCO, reflects systemic
hypocapnia, which needs to be verified in future studies.

In summary, this individual patient-level meta-analysis of
two RCTs on LPV undergoing general anaesthesia found that
intraoperative low etCO, (<4.7 kPa) was associated with a
higher rate of postoperative pulmonary complications, with a
dose-dependent inverse relationship between low etCO, and
pulmonary pathology.
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