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Highlights:

What are the main findings?

e  Significant functional deterioration occurs in the majority of patients after hospital admission
due to acute hypoxemia;

e  Patients with acute hypoxemia are usually elderly and the leading underlying diseases are
infections, COPD exacerbation and congestive heart failure;

What is the implication of the main finding?

e Inaplanned randomized controlled trial to study permissive hypoxemia, there should be an
upper age limit and patients with metastatic malignancy should be excluded.

Abstract: Background: Many hospitalized patients decline in functional status after discharge, but
functional decline in emergency admissions with hypoxemia is unknown. The primary aim of this
study was to study functional outcomes as a clinical endpoint in a cohort of patients with acute
hypoxemia. Methods: A multicenter prospective observational study was conducted in patients with
new-onset hypoxemia emergently admitted to two respiratory departments at a university hospital
and an academic teaching hospital. Using the WHO scale, the patients’ functional status 4 weeks
before admission and at hospital discharge was assessed. The type and duration of oxygen therapy,
hospital length of stay and survival and risk of hypercapnic failure were recorded. Results: A total
of 151 patients with a median age of 74 were included. Two-thirds declined in functional status
by at least one grade at discharge. A good functional status (OR 4.849 (95% CI 2.209-10.647)) and
progressive cancer (OR 6.079 (1.197-30.881)) were more associated with functional decline. Most
patients were treated with conventional oxygen therapy (n = 95, 62%). The rates of in-hospital
mortality and need for intubation were both 8%. Conclusions: Patients with acute hypoxemia in the
emergency room have a poorer functional status after hospital discharge. This decline may be of
multifactorial origin.
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1. Introduction

Hypoxemia refers to arterial blood in which the amount of oxygen (partial pressure)
or oxygen saturation is decreased. Commonly, the thresholds of partial pressure of oxygen
(PaO,) less than 60 mmHg and oxygen saturation (SaO,) less than 90% in arterial blood are
used. In contrast, hypoxia refers to an inadequate oxygen supply to organs and tissues [1].
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In clinical medicine, detecting hypoxemia is crucial as it serves as an alarming sign requiring
immediate attention. In emergency situations, pulse oximetry is commonly used to identify
hypoxemia. In the acute management of hypoxemia, oxygen therapy is the mainstay of
initial therapy.

The precise range of hypoxemia tolerated over an extended period in adults remains
uncertain due to the absence of controlled trials in adults. Consequently, the question of
how low the level of hypoxemia that can be sustained is cannot be definitively answered
based on current knowledge.

In the absence of randomized trials on oxygen therapy in patients with acute hypox-
emia admitted to emergency care, the impact of oxygen therapy on survival and other
patient-relevant outcomes remains unclear.

There is limited knowledge about the incidence of functional decline in emergency
admissions due to hypoxemia. In a recent randomized controlled trial, 27% of COVID-19
patients hospitalized with respiratory failure had a functional decline by day 28 [2]. Studies
usually focus on long-term functional decline after discharge in general without regard for
the role of hypoxemia [3].

Data showing mortality and intubation rates in hypoxemic patients differ depending on
the underlying disease. Mortality 28 days after admission was reported to be 8% in hypoxemic
patients with community-acquired pneumonia and COPD exacerbations [4,5]. The need for
intubation within 28 days was reported to be 8% in the same patient groups [5,6].

To assess functional decline in hospitalized patients with acute hypoxemia, observa-
tional data are limited despite growing attention to oxygen use in German hospitals [7].

The aim of this study was to study functional decline according to the WHO scale as a
clinical endpoint in a cohort of patients with acute hypoxemia as part of a planned national
clinical trial comparing different oxygen targets. The second aim of this trial was to identify
the appropriate inclusion criteria and outcome variables to calculate a sample size for such
a trial.

2. Materials and Methods

This prospective observational study was performed in two hospitals (a 1500-bed
university hospital and a 560-bed academic teaching hospital) in Hannover, Germany. This
study was conducted following the ethical guidelines of the 1975 Declaration of Helsinki
and was approved by the local ethics committee (No 10329_BO_K_2022). It was registered
in the German registry of clinical studies (DRKS00032358, functional decline in hospital
admission with acute hypoxemia (FUNDOX)). Patients signed informed consent forms
before inclusion.

Adult medical patients with new-onset hypoxemia admitted via the emergency de-
partment were included. Hypoxemia was defined as first-recorded oxygen saturation
measured by pulse oximetry (SpO,) < 90% without oxygen therapy (O;) on admission to
the emergency department or in the ambulance or the need for oxygen supplementation.
Key exclusion criteria were prior long-term oxygen therapy (LTOT); patients using sup-
plemental O, intermittently during, e.g., exertion; first-recorded SpO, > 96% with oxygen
therapy on admission or in ambulance; need for invasive mechanical ventilation; and lack
of informed consent. Patients were followed until hospital discharge.

The primary aim of this study was to observe the functional outcomes of hospital
admissions with acute hypoxemia at hospital discharge. Functional status 4 weeks prior
to admission was recorded retrospectively on admission; it was either discussed with the
patient in person or, if the patient was unable to provide adequate information, relatives
were asked. Functional status at hospital discharge was recorded prospectively. Functional
status was graded according to the WHO scale. Briefly, on this scale, patients were graded
as 0 if they were fully active and able to perform all pre-disease activities without restriction;
as 1 if they were restricted in physically strenuous activities but ambulatory and able to
perform light or sedentary work, such as light housework; as grade 2 if ambulatory and
able to perform all self-care activities but unable to perform any work activities; up to
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and about >50% of waking hours; as grade 3 if able to provide only limited self-care, and
confined to bed or chair > 50% of waking hours; and grade 4 if totally disabled and unable
to perform any self-care activities, and totally confined to bed or chair. Grade 5 in the
follow-up was death of the patient [8].

Ventilation time was calculated in days from time of intubation to extubation or
decannulation in the case of tracheostomy.

The calculation determined the proportion of patients who experienced functional
deterioration, defined as a decline in at least one stage on the WHO scale. Additionally, this
study recorded the need for intubation, the need for high-flow oxygen therapy (HFNC),
non-invasive ventilation, hospital length of stay, hospital survival, duration of oxygen
therapy, and LTOT on discharge were additionally recorded in patients.

The oxygen content (CaO;) was calculated using the formula SpO, x Hemoglobin
(g/dL) x 1.34. Hypercapnic respiratory failure is defined as the partial pressure of carbon
dioxide (paCO,) > 45 mmHg in arterial or capillary blood gas analysis. The risk for hyper-
capnic failure is defined as a diagnosis of COPD, obesity with a body mass index > 40 kg/m?,
emergency admission for cystic fibrosis or asthma, or in adults > 35 years with neuromuscu-
lar disease or scoliosis [9].

Sample size calculation: The estimated decline in functional status was expected to
occur in 30% of patients. Given a probability of type I error (alpha 0.05) and a power of
80% the required sample size was n = 137, with an estimated dropout rate of 10% [10].

Statistical analysis: Metric variables were presented as medians and 25 and 75%
quartiles, while categorical variables were presented as absolute numbers and percentages
of data entries. Ventilator-free days were expressed as a mean with standard deviation
due to low intubation rates. Univariate analyses were conducted using the median test for
continuous variables and the chi-square test or Fisher’s exact test for categorical variables.
Survival analysis was performed using the Kaplan—-Meier method. The last observation
was the day of discharge or death of the patient. Binary logistic regression analyses were
conducted to identify factors associated with decline in performance status. The level of
significance was set at <0.10 to include variables identified by univariate analysis between
groups. No imputation for missing data was performed. Variables with a proportion of
>30% missing were excluded.

3. Results

During the nine-month study period between 11 April 2022 and 4 January 2023,
153 patients were included. The last patient was discharged on 20 March 2023. Patient
demographics are displayed in Table 1.

The majority of patients admitted with hypoxemia were elderly with a median of
74 years and 51% had a previously good performance status (WHO grade 0 and 1). Forty-
five patients (29%) were admitted due to a respiratory infection, 22 (14%) because of COPD
exacerbation, 43 (28%) due to decompensated congestive heart failure and 17 (11%) because
of cancer progression.

One hundred and forty-three (94%) had at least one comorbidity. A total of 48 (31%)
had a pre-existing diagnosis of COPD, 43 (28%) had been previously diagnosed with
congestive heart failure, 29 were diabetic (19%) and 26 (17%) had a medical history of
malignancy. Fifty-eight (38%) patients were at risk for hypercapnic respiratory failure, with
forty-eight of them having a prior diagnosis of COPD.

3.1. Treatment

In 115 (75%) patients, O, was already administered in the ambulance with a median
flow of 3 L/min; in the rest, oxygen therapy was initiated in the emergency department. A
total of 58 (38%) patients had their SpO, levels recorded without oxygen, with a median
SpO; of 87% (25, 75% percentile: 81, 88%). The majority of patients (n = 95, 62%) received
conventional oxygen therapy, n = 17 (11%) with HFNC and n = 29 (19%) with non-invasive
ventilation. Forty-one (27%) patients required treatment in the intensive care unit (ICU),
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and twelve (8%) were intubated. The Kaplan—-Meier failure curve of intubation within
28 days is shown in Figure 1A. The median duration of oxygen therapy was 12 (25, 75%
percentile 7, 18) days, respectively.

Table 1. Patient characteristics.

Hospitalized Patients with New-Onset
Hypoxemia n = 153

Sex, n (%)
Male 73 (48)
Female 80 (52)
Age on admission, median years (25, 75% percentile) 74 (62, 83)
Center, n (%)
Urban hospital 123 (80)
University Hospital 30 (20)
WHO performance status at admission, n (%)
0 28 (18)
1 51 (33)
2 54 (35)
3 12 (8)
4 8 (5)
Domiciliary oxygen, n (%) 0
Risk of hypercapnic failure, n (%) 58 (38)
COPD 48 (31)
Cystic fibrosis 4(3)
Body mass index > 40 kg/m? 5(3)
Neuromuscular disease 1(1)
Scoliosis 2 (1)
COPD GOLD stage available on admission, n (% of all COPD) 18 (38)
COPD Stage 3 or 4 15 (83)
Oxygen supplementation in ambulance, n (%) 115 (75)
Oxygen flow used, median L/min (25, 75% percentile) 3(2,4)
Oxygen saturation available without oxygen supplementation, n (%) 58 (38)
Oxygen saturation without oxygen supplementation, median % (25, 75% percentile) 87 (80, 88)
Oxygen saturation with oxygen supplementation, median % (25, 75% percentile) 94 (92, 96)
Hemoglobin on admission, median g/dL (25, 75% percentile) 10.6 (12.9,14.2)
Oxygen content on admission, median g/dL (25, 75% percentile) 14.2 (11.6, 16.0)

COPD—chronic obstructive pulmonary disease; WHO—World Health Organization.
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Figure 1. Kaplan—-Meier failure graphs within 28 days: (A) time to intubation, (B) time to death.

In 50 patients (33%), hypercapnic respiratory failure was confirmed in blood gas
analysis, and 31 out of 58 patients (62%) were at risk (Table 2).
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Table 2. Treatment and outcome.

Hospitalized Patients with New-Onset
Hypoxemia n = 153

Hypercapnic failure (paCO; > 45 mmHg), n (%) 50 (33)
Hypercapnic failure in patients at risk (n = 58) 31 (62)
Hypercapnic failure in COPD patients (n = 48) 26 (52)

Hypercapnic failure in COPD GOLD 3 & 4 patients (n = 15) 7 (47)
Admission to intensive care unit, n (%) 41 (27)
Admission to intermediate care unit, n (%) 12 (8)
Level of respiratory support *, n (%)
High-flow oxygen 17 (11)
Non-invasive mechanical ventilation 29 (19)
Invasive ventilation 12 (8)
Extracorporeal support 0
Length of stay, median days (25, 75% percentile) 12 (8, 18)
Duration of oxygen therapy, median days (25, 75% percentile) 12 (7, 18)
Duration of invasive mechanical ventilation, median days (25, 75% percentile) 18 (4,27)
Ventilator-free days at day 28, mean days + standard deviation 263+ 6.4
Initiation of long-term oxygen therapy at discharge, n (%) 44 (29)
WHO performance status at hospital discharge, n (%)
0 2 (1)
1 26 (17)
2 56 (37)
3 41 (27)
4 16 (11)
Performance deterioration (>1 WHO class, incl. death), n (%) 101 (66)
Hospital death, n (%) 12 (8)
Death after admission, median days (25, 75% percentile) 17 (7, 26)

COPD—chronic obstructive pulmonary disease; WHO—World Health Organization; paCO,—partial pressure of
carbon dioxide. * combinations are possible.

3.2. Outcome

The median length of hospital stay was 12 days (25, 75% percentile 8, 18). Twelve
patients (8%) died in the hospital, with a median of 17 days (minimum 2, maximum
126 days) after admission. The Kaplan-Meier failure curve of death is displayed in Figure 1B.
Three patients (2%) died after day 28 in the hospital (days 45, 63 and 126). Eight (5%)
patients died without being intubated, of which three had progressive cancer, and five (3%)
patients died without being treated in the ICU. Four out of twelve ventilated patients died
in the hospital.

3.3. Performance Status at Discharge

The majority of patients (135 out of 153, 82%) had a WHO performance status > grade
1 at discharge, rendering them unable to perform any work activities. One hundred and
one patients (66%) had a decline in their WHO performance status by at least one grade
at discharge, with a more pronounced effect in patients with a good performance status
on admission (Figure 2). In the multivariate analysis (Table 3), a good performance at
admission (WHO grade < 2, odds ratio 4.849, 95% confidence interval 2.209-10.647) and
admission for progressive cancer (odds ratio 6.079, 95% confidence interval 1.197-30.881)
were associated with functional decline at discharge.

Conventional oxygen therapy (n = 80) was not found to be associated with a reduced
functional outcome in comparison to HFENC, NIV or mechanical ventilation (n = 73) (p = 0.31).

Forty-four patients (29%) were discharged on oxygen treatment, with 50% of the
patients with COPD exacerbation and progressive cancer being discharged on oxygen
treatment.
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Table 3. Group comparison and multivariate binary logistic regression analysis to predict a decline in performance status.
Group Comparison Multivariate Analysis
) Univariate
Covariate Patients with Functional Decline Patients without Functional p-Value Odds Ratio (95%-Confidence Value
n =101 Decline n = 52 Interval) P
Female sex, n (%) 52 (51) 28 (54) 0.782
Male sex, n (%) 49 (49) 24 (46) ’
Age, median years (25, 75% percentile) 72 (62, 83) 77 (67, 82) 0.231
WHO scale < 2 on admission, n (%) 36 (36) 38 (73) 4.849 (2.209-10.647) <0.001
WHO scale 2 to 4 on admission, n (%) 65 (64) 14 (27) <0.001
Reason for admission, n (%)
Respiratory infection 33 (33) 12 (27) 0.217
COVID-19 10 (10) 3(6) 0.385
COPD exacerbation 13 (18) 9(17) 0.459
Progressive cancer 15 (30) 2 (4) 0.040 6.079 (1.197-30.881) 0.030
Congestion heart failure 23 (23) 20 (39) 0.041 0.896 (0.395-2.035) 0.794
No comorbidity, n (%) 6 (6) 3(6) 0.966
Any comorbidity, n (%) 95 (94) 48 (94) :
COPD (in n = 18 staging available) 33 (33) 15 (29) 0.629
COPD Stage 3 or 4 6 (6) 9 (18) 0.017
Congestive heart failure 26 (26) 23 (44) 0.020
Diabetes 20 (20) 9 (17) 0.709
Malignancy 20 (20) 6 (12) 0.197
pCO; > 45 mmHg 29 (29) 21 (40) 0.145
Risk for hypercapnic failure, n (%) 40 (40) 18 (35) 0.547
Cystic fibrosis 4(4) 0 0.300
COPD 33 (33) 15 (27) 0.629
Body mass index > 40 kg/m? 3(3) 2(4) 1.000
Neuromuscular disease 0 1(1) 1.000
Scoliosis 0 2 (4) 0.114
Admission to intensive or intermediate care 19 (19) 3 (6) 0.029 2.314 (0.464-11.546) 0.306
Level of respiratory support, n (%)
High-flow oxygen 16 (16) 2 (4) 0.034 2.326 (0.352-15.368) 0.381
Non-invasive mechanical ventilation 20 (20) 9 (18) 0.689
Invasive mechanical ventilation 909) 3 (6) 0.752

CI—confidence interval; numbers in bold indicate a p-value of <0.05.
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Figure 2. Change in WHO performance scale between 4 weeks before admission and hospital
discharge. WHO: World Health Organization.

4. Discussion

This study demonstrates that new-onset hypoxemic respiratory failure significantly
impacts functional decline at hospital discharge in two-thirds of patients.

Most of this functional decline may be attributed to underlying diseases rather than
hypoxemia itself. Hypoxemia can be caused by various conditions, and functional decline
and a persistent need for oxygen after discharge depend on underlying causes. Patients
with malignant disease had a disproportionately high rate of functional decline, which
contributed to their underlying disease. Conversely, patients with congestive heart failure
had a disproportionately lower incidence. It is unknown whether correcting hypoxemia
through oxygen therapy will improve patient outcomes. Unfortunately, there are no ran-
domized controlled trials in adult patients studying the concept of permissive hypoxemia
(SpO; < 88%). Permissive hypoxemia did not affect mortality and functional outcome in
randomized controlled studies using permissive hypoxemia in early-term newborns and
small children [11,12].

In addition to patients with cancer, it has also been demonstrated that patients with
good functional status upon admission were more likely to experience a decrease in func-
tional status upon discharge. Patients admitted with a better initial status naturally have
a greater potential to worsen their functional status than someone already admitted with
a poor status. For instance, a patient with an initial status of WHO 1 can lose up to four
points, whereas someone with a status of 3 can only lose two points.

One-third of our patients had COPD as a comorbidity, and every six patients were
hospitalized for an exacerbation of the same. COPD is known to lead to reduced physical
activity in daily life [13]. In addition, half of the COPD patients were discharged on long-
term oxygen therapy. The duration of daily LTOT therapy is a determinant of both reduced
daily physical activity and worse functional status, including fatigue and reduced exercise
capacity [14]. According to the literature, in a retrospective Danish analysis of almost
15,000 COPD patients between 2001 and 2010, 76 to 91% of patients treated in the hospital
for exacerbation were discharged on LTOT. LTOT could be discontinued within 6 months
in 25% of the patients [15]. Information about LTOT discontinuation was not recorded
during the follow-up in our study. According to German guidelines on both oxygen in
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acute care and LTOT, all patients were instructed to follow LTOT and it was mentioned in
the discharge report that it should be followed to re-evaluate the indication for LTOT [9,16].

Following on from the topic of COPD, fifty patients (33%) were admitted with hyper-
capnic failure, and twenty-six of those patients had COPD. In total, 22 out of 48 COPD
patients were admitted due to an exacerbation, with the majority being GOLD stage 3 and
4 patients. In these patients, hypoxemia, as well as hypercarbia, are frequent, while chronic
hypoxia is usually preceding hypercapnia [17]. Although the majority of COPD patients do
not need domiciliary oxygen according to national LTOT guidelines [9], most require very
low-flow oxygen at rest to maintain adequate oxygenation. It can be concluded that those
patients admitted with hypercapnia and COPD may already be chronically hypoxemic
before admission. In the emergency room, it was not possible to differentiate between the
acute or chronic condition in COPD patients.

Twenty-nine per cent of patients in our study were hospitalized due to pneumonia. In a
recent analysis of 1054 cases of hospitalized patients with community-acquired pneumonia,
the mortality rate within 30 days was 23% higher in elderly patients [18]. Similar to
these findings, in our cohort, 10 patients had a primary diagnosis of community-acquired
pneumonia and 2 died in hospital.

In elderly patients with pneumonia, frailty was found to be a strong determinant of
lack of recovery in functional status six months after discharge due to hospitalization for
pneumonia. The more frail the patients were before the acute event, the worse the outcome.
Frailty before the acute event had a greater influence than disease severity [19].

Our study cohort represented a geriatric population with a median age of 74 years.
Elderly patients in general have been shown to lose functionality during a hospital stay;,
subsumed under the term “hospitalization-associated disability” [3]. Functional decline is
reported in 30-50% of discharged patients compared to their pre-illness baseline and is a
predictor of adverse outcomes [20,21]. An older age and illness severity, particularly frailty,
were predictors for prehospital and in-hospital functional decline [3]. Collecting functional
status 4 weeks prior to hospital admission in our study, bias due to this acute prehospital
loss of function is unlikely.

Presumably, the deterioration in the performance status after hospital discharge is a
mixed picture of a wide variety of factors and is not solely caused by hypoxia, although it
may contribute. In studies, the functional status of chronically ill or older patients is mostly
observed without taking the role of hypoxia into account. Older, comorbid individuals
are at a higher risk of developing pneumonia, COPD, and heart failure. Reduced physical
activity during hospital stays further decreases functionality. The role of physiotherapy is
unknown in our data and interventions to increase physical activity may be beneficial.

A further, more profound, explanation for the loss of functionality lies in the effects
hypoxia contributes to ageing processes and consecutively the functional decline and
degenerative processes. During hypoxia, hypoxia-inducible factors (HIFs) are induced.
HIFs are transcript factors which induce a variety of genes affecting, among other things,
cell proliferation and metabolism [22]. This leads to impaired mitochondrial and cellular
senescence [23]. Impaired mitochondrial function may lead to muscle atrophy, which in
turn promotes physical inactivity leading to a decline in functional status [24].

Unfortunately, most of the studies focus on older patients with data missing regarding
younger patients. In our study, mortality did not significantly differ between age tertiles
and was 9, 4 and 11% in groups aged <65, 65-80 and >80 years (p = 0.342).

The fact that two-thirds of those patients died without intubation points towards
advanced palliative care planning in these patients. Therefore, there may be a bias in favor
of increased mortality in our cohort due to the disproportionate share of palliative patients.
Only four patients died while intubated during intensive care treatment. Similar results to
ours could be found in two studies [4,5]. In a randomized study of 1058 hypoxemic patients
(median age 78 years) with cardiac pulmonary edema, the 30-day mortality rate was 16%
with only 3% of patients being intubated. This points to the fact that advanced care planning
including withholding of intubation is a clinical reality in a geriatric population [25].
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In our cohort, conventional oxygen therapy was favored (62%), followed by NIV
(19%), HENC therapy (11%) and mechanical ventilation (8%). Of those intubated, two-
thirds survived.

NIV was preferred over HENC in our study. The treating physicians had discretion
over the therapeutic decision. HFNC appears to be not inferior to NIV, at least in moderate
hypercapnia, in terms of intubation rate after 72 h [9]. The increased use of NIV may be
explained by the large proportion of COPD patients.

Some limitations of this study need to be considered. The results are limited to medical
patients only. The patients did not receive follow-up after discharge and any recovery
or discontinuation of LTOT could not be documented. This limits the understanding of
long-term functional outcomes and recovery patterns. Room air SpO, was recorded in only
58 patients. Supplemental O, was recorded for the other 95 patients. To ensure that these
patients were still truly hypoxic, SpO, was not allowed to exceed 96%. This upper limit
indirectly acted as an exclusion criterion for patients with oxygen being used to relieve
dyspnea. Furthermore, this threshold was recommended in national guidelines [9] to
prevent hyperoxia. Functionality was assessed verbally using a WHO scale, which, while
standardized and straightforward, may not fully capture the complexity of functional
status. A more differentiated assessment would be possible using instruments such as the
Activities of Daily Living (ADL) index [21] or even the Clinical Frailty Scale (CFS), which
should be incorporated in future studies rather than the WHO scale. It seems that the
proportion of palliative patients is very high here so the results are more applicable to the
geriatric population.

5. Conclusions

Although research has shown that hypoxemic patients are less functional after dis-
charge than before, the sole effect of hypoxia is unclear. A future randomized control trial
with a permissive hypoxemia trial may answer this question. In such a trial, an upper age
limit and the exclusion of patients with metastatic cancer are encouraged.
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