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Prehospital arterial hypercapnia in acute
heart failure is associated with admission to
acute care units and emergency room
length of stay: a retrospective cohort study
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Abstract

Background: Acute Heart Failure (AHF) is a common condition that often presents with acute respiratory distress
and requires urgent medical evaluation and treatment. Arterial hypercapnia is common in AHF and has been
associated with a higher rate of intubation and non-invasive ventilation in the Emergency Room (ER), but its
prognostic value has never been studied in the prehospital setting.

Methods: A retrospective study was performed on the charts of all patients taken care of by a physician-staffed
prehospital mobile unit between June 2016 and September 2019 in Geneva. After approval by the ethics
committee, charts were screened to identify all adult patients with a diagnosis of AHF in whom a prehospital
arterial blood gas (ABG) sample was drawn. The main predictor was prehospital hypercapnia. The primary outcome
was the admission rate in an acute care unit (ACU, composite of intensive care and high-dependency units).
Secondary outcomes were ER length of stay (LOS), orientation from ER (intensive care unit, high-dependency unit,
general ward, discharge home), intubation rate at 24 h, hospital LOS and hospital mortality.

Results: A total of 106 patients with a diagnosis of AHF were analysed. Hypercapnia was found in 61 (58%) patients
and vital signs were more severely altered in this group. The overall ACU admission rate was 48%, with a statistically
significant difference between hypercapnic and non-hypercapnic patients (59% vs 33%, p = 0.009). ER LOS was
shorter in hypercapnic patients (5.4 h vs 8.9 h, p = 0.016).

Conclusions: There is a significant association between prehospital arterial hypercapnia, acute care unit admission,
and ER LOS in AHF patients.
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Background
Acute Heart Failure (AHF) is a common but life-
threatening condition with a high mortality. It often
manifests by acute respiratory distress and requires ur-
gent medical evaluation and management [1, 2]. Clas-
sical treatment includes use of vasodilators, diuretics
and oxygen, as well as positive end-expiratory pressure
(PEEP), with or without pressure support (PS), in case of
severe AHF [3–11]. In the prehospital setting, applica-
tion of PEEP, whether by use of continuous positive air-
way pressure (CPAP) or of noninvasive ventilation
(NIV), is associated with an improvement in vital param-
eters and a reduction in both endotracheal intubation
(ETI) and intensive care unit (ICU) admission rates [12–
16]. Common negative prognostic markers for AHF in-
clude hypotension on admission, advanced age and poly-
morbidity, as well as an ischemic etiology [2].
Arterial blood gas (ABG) analysis has been shown to

increase the quality of treatment in the prehospital set-
ting [17]. Hypercapnia is a common finding in patients
admitted to ICU because of AHF [18, 19]. Though
Konishi et al. have shown that hypercapnia is associated
with increased rates of both NIV and ETI in the intra-
hospital setting [18], its predictive value in the prehospi-
tal environment is not known. The goal of this study
was to evaluate the association between prehospital hy-
percapnia and admission to acute care units (ACU), in-
cluding ICU and high-dependency units (HDU).

Methods
Study design
This was a retrospective cohort study, based on data ob-
tained from an electronic charts review, exploring the
association between hypercapnia in the prehospital field
and admission to an ACU. The study protocol was ap-
proved by the institutional ethics committee of Geneva,
Switzerland (project ID 2019–01559). Patient consent
was waived by this committee.

Setting
This study was carried out using data from the prehospi-
tal medical mobile unit (called SMUR for Service Mobile
d’Urgence et de Réanimation) of the Geneva University
Hospitals in Switzerland, the detailed organization of
which has previously been described [12]. Briefly, the
prehospital emergency medical response in Geneva con-
sists of three levels of increasing expertise (advanced life
support ambulance, medical mobile unit, senior
emergency-medicine certified physician). The SMUR is
staffed by a paramedic and a physician and is called
upon according to specific dispatch protocols or if the
first responding paramedics request it. Severe respiratory
distress is among the criteria used to dispatch this unit.
In addition to providing specific medical skills and

knowledge, the SMUR can initiate NIV in the field well
before arrival in the emergency room (ER). A Hamilton
T1 ventilator (Hamilton Medical AG, Bonaduz,
Switzerland) has been part of the standard SMUR equip-
ment since 2013. ABG analysis has been possible since
2016 thanks to a portative i-STAT point-of-care blood
analyzer (Abbott Point of Care inc., Princeton, New
Jersey, USA). The indication for drawing an ABG sample
in the field is left to the physician’s appreciation but is
strongly suggested whenever NIV treatment is initiated.
In order to avoid unnecessary delays, SMUR physicians
are only allowed one single attempt on the radial artery
in at most 1 min. There is no specific data available re-
garding the timing of ABG analysis, but SMUR physi-
cians almost always begin by administering oxygen and
often initiate NIV or other life-saving measure before
drawing blood for analysis.

Participants
Electronic charts of all patients for whom an interven-
tion took place between 01.07.2016 and 30.09.2019 were
screened for inclusion. There are only 126 different diag-
noses that can be coded in the SMUR’s prehospital med-
ical charts, and only two relate to AHF: “acute
pulmonary edema” (APE) and “heart failure” (HF). All
patients 18 years or older with any of these two diagno-
ses were initially included. Exclusion criteria were ab-
sence of an acute HF (lack of an acute component
described in the report), cardiac arrest upon rescuers’ ar-
rival, presence of a mixed or unclear diagnosis (such as a
concomitant acute chronic obstructive pulmonary dis-
ease exacerbation), secondary transfer from another hos-
pital or emergency structure, and limitation of care
regarding ACU admission. Finally, patients for whom
prehospital arterial ABG could not be obtained were also
excluded.

Data collection
Validated, indexed data of all the patients included in
the analysis was imported to a REDCap (Vanderbilt Uni-
versity, Nashville, Tennessee, USA) electronic case re-
port form (CRF). The first author (MF) was in charge of
the full data collection, including all the manual data ex-
traction required to complete the CRF. Any doubt was
lifted by a consensus between MF and two of the other
authors (CAF and LS).

Exposure
The main predictor was prehospital hypercapnia, defined
as PaCO2 equal or higher to 6 kPa (45 mmHg). Accord-
ing to our institutional guidelines, the accuracy of the i-
STAT analyzer was regularly assessed by internal and
external quality controls (QC). Internal QC were tested
at multiple levels on each lot number at delivery for
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precision evaluation. External QC were performed at
least 7 times per year for accuracy evaluation. QC of the
‘analyzer’ itself was achieved by use of an electronic
check cartridge twice per year for electronics evaluation.

Outcomes
The primary outcome was ACU admission, a composite
outcome of admission to either HDU or ICU. Secondary
outcomes were ER length of stay (LOS), orientation
from ER (ICU, HDU, general and internal medicine
wards, or discharge home), ETI (on field or in the first
24 h), hospital LOS and hospital mortality.
Week-end interventions were those performed on Sat-

urdays and Sundays. Night interventions occurred be-
tween 7 PM and 7 AM. Length of intervention was the
time elapsed between the arrival on site and the arrival
at hospital. In-hospital ABG was retained if made in the
first hour in emergency. Others blood samples were
retained if realized in first 6 h in ER.

Statistical analysis
As this was an exploratory study, no sample size calcula-
tion was performed. Groups were compared by Student’s
t-test, the Mann-Whitney Wilcoxon test or the chi-
squared test as appropriate. Results are expressed as
mean ± standard deviation or absolute number and rela-
tive percentage. When appropriate, 95% confidence
interval (95CI) are also reported. A p-value below 0.05

was considered significant. A single subgroup analysis
was performed according to whether there was a correc-
tion of hypercapnia upon arrival in the ER. Missing data
were reported as such and patients excluded from ana-
lyses if necessary (no imputation was made). Statistical
analysis was performed using STATA version 14 (Stata
Corporation, College Station, Texas, USA).

Results
A total of 17′997 patients were taken care of by the
SMUR during the study period, among whom 972 met
the inclusion criteria. We then excluded 866 patients to
finally include 106 patients (10.9%) in the analysis
(Fig. 1).
Table 1 summarizes patients’ characteristics. Patients

with (n = 61, 58%) and without (n = 45, 42%) hypercapnia
were similar regarding personal history except for
chronic hypertension and likely coronary heart disease
and diabetes. Prehospital vital signs as well as Glasgow
coma scale (GCS) were more severely altered in the hy-
percapnia group. Hypercapnic patients were more often
put under NIV, which was set at significantly higher PS
settings. Data were missing mainly for GCS (18%) and
ER hypercapnia (19%).
The global ACU admission rate was 48% (51/106),

with a significant difference between patients with and
without hypercapnia (59.0% vs 33.3%, p = 0.009)
(Table 2). This difference was likely due to a higher

Fig. 1 Study Flowchart
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admission rate in ICU for hypercapnic patients. Hyper-
capnic patients who did not correct their PaCO2 upon
ER arrival were not more likely to be admitted to an
ACU than those who did correct their PaCO2

(respectively 71.4% versus 58%, p = 0.323). The change
in PaCO2 in hypercapnic patients between prehospital
and ER ABG was not associated with ACU admission ei-
ther (respectively − 1.26 kPa for patients admitted to an

Table 1 Patient’s characteristicsa

No prehospital hypercapnia (n = 45) Prehospital Hypercapnia (n = 61) p-value

Age (y) 79.2 ± 8.0 79.8 ± 8.1 0.719

Sex (f) – n (%) 21 (46.7) 37 (61.0) 0.153

Week-end intervention – n (%) 16 (36.4) 13 (22.4) 0.122

Night intervention – n (%) 26 (57.8) 37 (61.0) 0.765

Length of intervention (m) 41 ± 10 42 ± 12 0.701

Personal history – n (%)

Hypertension 37 (82.2) 58 (95.1) 0.032

Coronary heart disease 19 (42.2) 17 (27.9) 0.123

Atrial fibrillation 22 (48.9) 23 (37.7) 0.250

Pacemaker 11 (24.4) 9 (14.8) 0.208

Active cancer 2 (4.4) 3 (4.9) 0.909

Chronic obstructive pulmonary disease 8 (17.8) 10 (16.4) 0.851

Diabetes mellitus 13 (28.9) 26 (42.6) 0.147

Chronic renal failure 18 (40.0) 29 (47.5) 0.480

Prior hospitalisation for heart failure 15 (33.3) 26 (42.6) 0.562

Tobacco 7 (15.6) 9 (14.8) 0.982

Prehospital vital signs

Heart rate (1/min) 104 ± 20 114 ± 20 0.013

Systolic blood pressure (mmHg) 174 ± 31 189 ± 29 0.013

Diastolic blood pressure (mmHg) 94 ± 16 112 ± 18 < 0.001

Respiratory rate (1/min) 34 ± 9 38 ± 7 0.019

Oxygen saturation (%) 86 ± 9 83 ± 13 0.194

Glasgow Coma Scale – n (%) 0.018

< 15 3 (6.7) 17 (27.9)

15 33 (73.3) 32 (52.5)

Missing values 9 (20.0) 12 (19.7)

Prehospital PaCO2 (kPa) 5.0 ± 0.6 7.7 ± 1.6 < 0.001

Prehospital pH 7.38 ± 0.06 7.23 ± 0.11 < 0.001

Prehospital NIV 34 (75.6) 59 (96.7) 0.001

PEEP (mmHg) 6.0 ± 1.7 6.4 ± 2.0 0.369

PS 8.1 ± 1.7 9.4 ± 2.1 0.006

Hospital hypercapnia – n (%) 0.001

No hypercapnia 29 (64.4) 24 (39.3)

Hypercapnia 5 (11.1) 28 (45.9)

Missing value 11 (24.4) 9 (14.8)

Emergency room work-up

Haemoglobin (g/dl) 130 ± 23 126 ± 20 0.225

Serum creatinine (μmol/l) 128 ± 75 152 ± 147 0.285

Pro-B-type natriuretic peptide (ng/l) 6225 ± 7548 6699 ± 9665 0.809
a Plus–minus values are means ± standard deviation, Percentages may not total 100 due to rounding. PEEP: Positive End-Expiratory Pressure. PS: Pressure Support
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ACU versus − 1.13 kPa for those who were not, p =
0.715). Emergency room LOS was significantly shorter
in hypercapnic patients (5.4 ± 2.9 h versus 8.9 ± 9.0 h,
p = 0.016). They also had higher intubation rate at 24 h,
hospital LOS and mortality, albeit not significantly so.

Discussion
Our study shows a significant association between pre-
hospital hypercapnia and ACU admission. This result
seems mainly explained by the difference in ICU admis-
sions between the two groups.
In our study, the prevalence of hypercapnia was higher

than in most others (58% vs 33.7% in Konishi’s study
[18], for example). To explain this difference, two hy-
potheses can be put forward. The first is related to the
fact that we report prehospital values as opposed to
other studies, which usually report in-hospital values.
Therefore, an improvement consecutive to prehospital
treatment before ER arrival cannot be ruled out in these
settings. Indeed, our results show that almost 40% of pa-
tients with prehospital hypercapnia were normocapnic
upon arrival in the ER. Another hypothesis is that pre-
hospital physicians were more prone to performing ABG
analyses in critically ill patients, thereby inducing a se-
lection bias.
The difference between hypercapnic and non-

hypercapnic patients regarding ACU admissions is prob-
ably best explained by the fact that hypercapnic patients
seemed to be in a worse clinical state. These patients
were indeed more tachycardic, more severely hyperten-
sive, had lower GCS scores and higher respiratory rates.
They also had a higher ETI rate at 24 h. The association
between hypercapnia and worse clinical state is not fully
elucidated, and the pathophysiological mechanisms lead-
ing to hypercapnia are not fully understood. It has been

theorized that gas exchange might be impaired by the
development of interstitial edema [20], and muscle fa-
tigue, which leads to hypoventilation, certainly contrib-
utes to the increase in PaCO2 [21]. This latter effect
probably best explains the link between hypercapnia and
ETI, which was significant despite the limited sample
size and the almost systematic use of NIV in hypercap-
nic patients. Indeed, prehospital NIV has been shown to
significantly decrease the need for prehospital ETI [12].
In our study, hypercapnia was associated with a signifi-

cantly lower LOS in the ER. Though it can hardly be as-
sumed that hypercapnia alone was responsible for this
time reduction in ER, one might argue that in-hospital
orientation for patients with worse clinical state was
more straightforward and could therefore account for
this finding. Whether the ER physicians took prehospital
ABG results into account could not be ascertained
owing to the design of this study, and a prospective
evaluation should be performed to determine the poten-
tial causality link. Should a link between early evaluation
of ABG in the prehospital phase and ACU admission be
proven, fast-tracks similar to those used for stroke or
myocardial infarction could be considered [22, 23]. Such
fast-tracks have been shown to shorten the delay to initi-
ation of optimal in-hospital treatment, and might also
decrease the strain on the ER and the waiting time of
other patients [24].
Different limitations must be acknowledged. The small

study sample did not have sufficient power to draw con-
clusions regarding mortality or to adjust our results for
potential confounders. Moreover, potentially valuable
data, such as usual medications, frailty parameters, or
left ventricular function could not be obtained, further
limiting the interpretation of our findings. Furthermore,
though a clear relationship between ACU admission and

Table 2 Outcomesa

All
(n = 106)

No prehospital hypercapnia
(n = 45)

Prehospital Hypercapnia
(n = 61)

p-value

Primary outcome

ACU admission – n (%) 51 (48.1) 15 (33.3) 36 (59.0) 0.009

Secondary outcomes

Emergency LOS (h) 6.9 ± 6.5 8.9 ± 9.0 5.4 ± 2.9 0.016

Orientation from ER – n (%) 0.003

ICU admission 25 (23.6) 4 (8.9) 21 (34.4)

HDU admission 26 (24.5) 11 (24.4) 15 (24.6)

Ward 51 (48.1) 26 (57.8) 25 (41.0)

Discharge directly from ER 4 (3.8) 4 (8.9) 0 (0.0)

ETI – n (%) 5 (4.7) 0 (0.0) 5 (8.2) 0.071

Hospital LOS (d) 13.1 ± 9.4 11.9 ± 6.8 14.1 ± 10.7 0.187

Hospital mortality – n (%) 5 (4.7) 1 (2.2) 4 (6.6) 0.392
a Plus–minus values are means ± standard deviation, Percentages may not total 100 due to rounding
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prehospital hypercapnia has been found, such a relation-
ship does not necessarily imply causality. One last limi-
tation is the retrospective design of this study, as
diagnosis of heart failure can differ from one physician
to another. Nevertheless, as our prehospital chart only
allows the use of a limited and standardized list of diag-
noses, such differences might have been mitigated.
Despite these elements, the good quality of patient’s

data can be highlighted, and is mainly linked to the re-
view of electronically recorded charts the use of which
lessens memorization bias. Another strong point is that,
as prehospital hypercapnia has to our knowledge never
been studied in AHF, this work shows new elements that
could improve patient orientation in the ER. Prospective
studies would be needed to better describe the role of
prehospital hypercapnia in AHF.

Conclusion
In conclusion, this study shows a significant association
between prehospital arterial hypercapnia, ACU admis-
sions, ER LOS and ETI in patients with AHF. Prospect-
ive studies should now be carried out to confirm these
results before prehospital ABG can be recommended on
a routine.
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