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Abstract
Background: Acute Heart Failure (AHF) is a common condition that often manifests by acute respiratory
distress and requires urgent medical evaluation and treatment. Arterial hypercapnia is common in AHF. It
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. The main
predictor was prehospital hypercapnia. The primary outcome was admission rate in an acute care unit
(ACU, composite of intensive care or 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 hours, hospital LOS and hospital mortality.

Results: A total of 104 patients with a diagnosis of AHF were included. Hypercapnia was found in 59
(57%) patients and vital signs were more severely altered in this group. The overall ACU admission rate
was 47%, with a statistically signi�cant difference between hypercapnic and non-hypercapnic patients
(58% vs 33% respectively, p=0.014). ER LOS was shorter in hypercapnic patients (5.5 hours vs 8.9 hours,
p=0.008).

Conclusions: There is a signi�cant association between prehospital arterial hypercapnia and acute care
unit admission in AHF patients. Trial Registration:This study was approved on 20.08.2019 by the
institutional ethics committee of Geneva, Switzerland (Project ID 2019-01559)

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 urgent medical evaluation and treatment [1, 2].
Classical treatment includes use of vasodilators, diuretics and oxygen, as well as positive end-expiratory
pressure (PEEP), with or without pressure support (PS), for severe AHF [3–11]. In the prehospital setting,
application of PEEP, whether by use of continuous positive airway pressure (CPAP) or of noninvasive
ventilation (NIV), is associated with an improvement of vital parameters and a reduction in both
endotracheal intubation (ETI) and intensive care unit (ICU) admission rates [12–16]. Common negative
prognostic markers for AHF include hypotension on admission, advanced age and polymorbidity, as well
as an ischemic etiology [2].

Arterial blood gas has been shown as a useful tool for prehospital physician [17]. Hypercapnia is
commonly found in patients admitted to the ICU because of AHF [18, 19]. The pathophysiological
mechanisms leading to hypercapnia in this context are not fully understood. Muscle fatigue, which leads
to hypoventilation, certainly contributes to the increase in PaCO2 [20]. It has also been theorized that gas
exchange might be impaired by the development of interstitial edema [21]. Though Konishi et al. have
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shown that hypercapnia is associated with increased rates of both NIV and ETI in the intra-hospital
setting [18], its predictive value in the prehospital environment is not known.

The goal of this study was to evaluate the association between prehospital hypercapnia and admission
to acute care units (ACU), including ICU and high-dependency units (HDU).

Methods

Study Design
This is a retrospective cohort study, based on data obtained from charts review, exploring the association
between hypercapnia in the prehospital �eld and admission to an ACU. It was approved by the
institutional ethics committee of Geneva, Switzerland (project ID 2019 − 01559). Patient consent was
waived by this committee.

Setting
This study was realized in the prehospital medical 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]. Brie�y, the prehospital emergency medical response in Geneva consists of
three levels of increasing expertise (advanced life support ambulance, medical mobile unit, senior
emergency-medicine certi�ed physician). The SMUR is staffed by a paramedic and a resident and is
called upon according to speci�c dispatch protocols or if the �rst responding paramedics request it.
Severe respiratory distress is one of the criteria used to dispatch this unit. In addition to providing medical
skills and knowledge, the SMUR can initiate NIV in the �eld well before arrival to the emergency room
(ER). A Hamilton T1 ventilator (Hamilton Medical AG, Bonaduz, Switzerland) has been part of the
standard SMUR equipment since 2013. Arterial blood gas (ABG) analysis has been possible since 2016
thanks to a portative i-STAT point-of-care blood analyzer device (Abbott Point of Care inc., Princeton, New
Jersey, USA). The indication for drawing an ABG sample in the �eld 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 one minute.

Participants
The computerized charts of all adult patients for whom an intervention took place between 01.07.2016
and 30.09.2019 were screened for inclusion. Inclusion criteria were a primary diagnosis of “acute
pulmonary edema” (APE) or “heart failure” (HF), which are coded according to a limited list of
standardized prehospital diagnoses. These diagnoses were clinical, based on the evaluation by the
prehospital physician. Charts were then manually reviewed to exclude patients in whom no acute
component to the HF could be found. Other exclusion criteria were presence of a mixed or unclear
diagnosis (such as a concomitant acute chronic obstructive pulmonary disease exacerbation), secondary
transfer from another hospital or emergency structure, cardiac arrest upon rescuers’ arrival, and care
limitation de�ned as no ACU admission. Patients for whom prehospital arterial ABG could not be
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obtained (lack of sample, venous sample, technical problem, ABG not documented in chart) were �nally
excluded.

Data Collection
Validated, indexed data of all the patients included in the analysis was imported to a REDCap (Vanderbilt
University, Nashville, Tennessee, USA) electronic case report form (CRF). The �rst author (MF) was in
charge of the full data collection, including all the manual data extraction required to complete the CRF.
Any doubt was lifted by a consensus between MF and two of the other authors (CAF and LS).

Point-of-Care Analyzer
The main predictor was prehospital hypercapnia, de�ned as PaCO2 of 6 kPa (45 mmHg) and more.
According 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 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 �eld or in the �rst 24 hours), hospital LOS and hospital
mortality.

Week-end interventions were those performed on Saturdays and Sundays. Night interventions occurred
from 7PM to 7AM. 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 �rst hour in emergency. Others blood samples
were retained if realized in �rst 6 hours in ER.

Statistical Analysis
As it was an exploratory study, no sample size calculation was realized. Groups were compared by
Student’s T-test, Mann-Whitney Wilcoxon test and chi-squared test as appropriate. Results are expressed
as mean ± standard deviation or absolute number and relative percentage. When appropriate, 95%
con�dence interval (95CI) are also reported. A bilateral p-value below 0.05 was considered signi�cant. A
single subgroup analysis was performed according to whether there was a correction of hypercapnia at
arrival in the ER. Missing data were reported as such and patients excluded from analyses if necessary
(no imputation). Statistical analysis was performed using STATA version 14 (Stata Corporation, College
Station, Texas, USA).

Results
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A total of 17’997 patients were taken care of by the SMUR during the study period. Among them, 972 met
the inclusion criteria, as they had either a primary or a secondary diagnosis of APE or HF. We then
excluded 868 patients to �nally include 104 patients (10.7%) in the analysis (Fig. 1). 139 patients were
excluded from the study because they lacked prehospital ABG. Patients in whom ABG were available had
a higher systolic blood pressure (182 versus 166 mmHg, p < 0.001), a higher respiratory rate (36 versus 32
per minute, p < 0.001), a lower saturation (85% versus 88%, p < 0.001)), and seemed to be more likely to be
admitted to an ACU (47% versus 35%, p = 0.080).

Table 1 summarizes patients’ characteristics. Most patients were women (55%) and aged 79 ± 8 years.
More than half of the patients (56.7%) had hypercapnia on site with an average PaCO2 of 7.6 ± 1.6.
Patients with and without hypercapnia were similar regarding personal history except for chronic
hypertension and likely coronary heart disease and diabetes. However, prehospital vital signs as well as
Glasgow coma scale (GCS) were more severely altered in the hypercapnia group. Hypercapnic patients
were more often put under NIV, which was set at signi�cantly higher PS settings. Hypercapnic patients
who did not correct their PaCO2 upon ER arrival had similar baseline vital parameters and were not more
likely to be admitted to an ACU than those who did correct their PaCO2 (respectively 69% versus 58%, p = 
0.423).Data were missing mainly for GCS (18%) and ER hypercapnia (19%).
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Table 1
Patient’s characteristics1

  No prehospital
hypercapnia

(n = 45)

Prehospital
Hypercapnia

(n = 59)

p-
value

Age (y) 79.2 ± 8.0 79.5 ± 8.0 0.871

Sex (f) – n (%) 21 (46.7) 36 (61.0) 0.145

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

Night intervention – n (%) 26 (57.8) 37 (6271) 0.610

Length of intervention (m) 41 ± 10 42 ± 11 0.660

Personal history – n (%)      

Hypertension 37 (82.2) 56 (94.9) 0.037

Coronary heart disease 19 (42.2) 17 (28.8) 0.154

Atrial �brillation 22 (48.9) 22 (37.3) 0.235

Pacemaker 11 (24.4) 9 (15.3) 0.239

Active cancer 2 (4.4) 3 (5.1) 0.880

Chronic obstructive pulmonary
disease

8 (17.8) 9 (15.3) 0.730

Diabetes mellitus 13 (28.9) 26 (44.1) 0.113

Chronic renal failure 18 (40.0) 28 (47.5) 0.479

Prior hospitalisation for heart failure 15 (33.3) 25 (42.4) 0.572

Tobacco 7 (15.6) 9 (15.3) 0.976

Prehospital vital signs

Heart rate (1/min) 104 ± 20 114 ± 20 0.018

Systolic blood pressure (mmHg) 174 ± 31 189 ± 30 0.018

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

Respiratory rate (1/min) 34 ± 9 38 ± 7 0.028

Oxygen saturation (%) 86 ± 9 83 ± 12 0.269

1 Plus–minus values are means ± SD, Percentages may not total 100 due to rounding. PEEP: Positive
End-Expiratory Pressure. PS: Pressure Support
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  No prehospital
hypercapnia

(n = 45)

Prehospital
Hypercapnia

(n = 59)

p-
value

Glasgow Coma Scale – n (%)

< 15

15

Missing values

3 (6.7)

33 (73.3)

9 (20.0)

17 (28.8)

32 (54.2)

10 (17.0)

0.017

Prehospital PaCO2 (kPa) 5.0 ± 0.6 7.6 ± 1.6 < 
0.001

Prehospital pH 7.38 ± 0.06 7.23 ± 0.11 < 
0.001

Prehospital NIV 34 (75.6) 57 (96.6) 0.001

PEEP (mmHg) 6.0 ± 1.7 6.4 ± 2.0 0.382

PS 8.1 ± 1.7 9.4 ± 2.2 0.006

Hospital hypercapnia – n (%)     0.001

No hypercapnia 29 (64.4) 24 (40.7)  

Hypercapnia 5 (11.1) 26 (44.1)  

Missing value 11 (24.4) 9 (15.3)  

Emergency room work-up      

Haemoglobin (g/dl) 130 ± 23 125 ± 20 0.213

Serum creatinine (µmol/l) 128 ± 75 153 ± 150 0.275

Pro-B-type natriuretic peptide (ng/l) 6225 ± 7548 6548 ± 9679 0.870

1 Plus–minus values are means ± SD, Percentages may not total 100 due to rounding. PEEP: Positive
End-Expiratory Pressure. PS: Pressure Support

The global ACU admission rate was 47% (49/104), with a statistically and clinically signi�cant difference
between patients with and without hypercapnia (57.6% vs 33.3%, p = 0.014) (Table 2). This difference
was likely due to a higher admission rate in ICU for hypercapnic patients (32.2% versus 8.9%).
Hypercapnic 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 69% versus 58%, p = 0.423). The change in
PaCO2 in hypercapnic patients between prehospital and ER ABG was not associated with ACU admission
either (respectively − 1.20 kPa for patients admitted to an ACU versus − 1.13 kPa for those who were not,
p = 0.848).
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Table 2
Outcomes2

  All

(n = 
104)

No prehospital
hypercapnia

(n = 45)

Prehospital
Hypercapnia

(n = 59)

p-
value

Primary outcome        

ACU admission – n (%) 49
(47.1)

15 (33.3) 34 (57.6) 0.014

Secondary outcomes        

Emergency LOS (h) 7.0 ± 6.5 8.9 ± 9.0 5.5 ± 3.0 0.008

Orientation from ER – n
(%)

      0.005

ICU admission 23
(22.1)

4 (8.9) 19 (32.2)  

HDU admission 26
(25.0)

11 (24.4) 15 (25.4)  

Ward 51
(49.0)

26 (57.8) 25 (42.4)  

Discharge directly from
ER

4 (3.9) 4 (8.9) 0 (0.0)  

ETI – n (%) 5 (4.8) 0 (0.0) 5 (8.5) 0.045

Hospital LOS (d) 13.2 ± 
9.4

11.9 ± 6.8 14.2 ± 10.9 0.229

Hospital mortality – n
(%)

5 (4.8) 1 (2.2) 4 (6.8) 0.282

2 Plus–minus values are means ± SD, Percentages may not total 100 due to rounding. Patients in the
prehospital hypercapnia group had a shorter ER LOS and a higher intubation rate at 24 hours.
Hospital LOS and mortality were also higher, albeit not signi�cantly so.

Discussion
Our study shows a signi�cant association between prehospital hypercapnia and ACU admission. This
result seems mainly explained by the difference in ICU admissions between the two groups.

The difference between hypercapnic and non-hypercapnic patients regarding ACU admissions is probably
best explained by the fact that hypercapnic patients seemed to be in a worse clinical state. These
patients were indeed more tachycardic, more severely hypertensive, had lower GCS scores and higher
respiratory rates. They also had a higher ETI rate at 24 hours. The association between hypercapnia and
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worse clinical state is not fully understood, but could be linked to respiratory muscle fatigue or impaired
gas exchange due to interstitial edema [19, 20].

Hypercapnia was associated with a signi�cantly lower LOS in the ER. Though it can hardly be assumed
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 �nding. Whether the ER physicians took prehospital ABG results into account could not be
ascertained owing to the design of this study.

Other limitations must also be acknowledged. The small study sample did not have su�cient power to
draw conclusions regarding mortality or to adjust our results for potential confounders. This lack of
power is, among other things, due to lack of ABG samples. As described above, patients in whom ABG
were lacking were in a better clinical state. Although this is probably the result of the prehospital
physicians’ choice to avoid drawing arterial blood in patients who clearly did not need NIV, it could
nevertheless have resulted in an important selection bias. Other valuable data, such as usual
medications, frailty parameters, or left ventricular function could not be obtained, further limiting the
interpretation of our �ndings. Moreover, though a clear relationship between ACU admission and
prehospital hypercapnia has been found, such a relationship does not necessarily imply causality. One
last limitation 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 diagnoses, such differences might have been mitigated.

Despite these elements, it is fair to note the good quality of patient’s data, due to chart review, thus
limiting 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 signi�cant association between prehospital arterial hypercapnia, ACU
admissions, ER LOS and ETI in patients with AHF. Prospective studies need however con�rm these results
before prehospital ABG can be recommended on a routine basis.

List Of Abbreviations
ABG Arterial Blood Gas

ACU Acute Care Unit

AHF Acute Heart Failure

APE Acute pulmonary Edema
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CRF Case Report Form

CPAP Continuous Positive Airway Pressure

ER Emergency Room

ETI Endotracheal Intubation

GCS Glasgow Coma Scale

HDU High-dependency Unit

HF Heart Failure

ICU Intensive Care Unit

LOS Length of Stay

NIV Non-Invasive Ventilation

PEEP Positive End-Expiratory Pressure

PS Pressure Support

QC Quality Control

SMUR Service Mobile d’Urgences et de Réanimation
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Figure 1

Flowchart Study


