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Clinical Characteristics and Outcomes Are Similar in
ARDS Diagnosed by Oxygen Saturation/F10, Ratio
Compared With Pao,/F10, Ratio

Wei Chen, MD, David R. Janz, MD, MSCI; Ciara M. Shaver, MD, PhD, Gordon R. Bernard, MD,

Julie A. Bastarache, MD, and Lorraine B. Ware, MD

BACKGROUND: Oxygen saturation as measured by pulse oximetry/F1o, (SF) ratio is highly cor-
related with the Pao,/F10, (PF) ratio in patients with ARDS. However, it remains uncertain
whether SF ratio can be substituted for PF ratio for diagnosis of ARDS and whether SF ratio
might identify patients who are systemically different from patients diagnosed by PF ratio.

METHODS: We conducted a secondary analysis of a large observational prospective cohort
study. Patients were eligible if they were admitted to the medical ICU and fulfilled the Berlin
definition of ARDS with hypoxemia criteria using either the standard PF threshold (PF
ratio = 300) or a previously published SF threshold (SF ratio = 315).

RESULTS: Of 362 patients with ARDS, 238 (66%) received a diagnosis by PF ratio and 124 (34%)
by SF ratio. In a small group of patients who received diagnoses of ARDS by SF ratio who had
arterial blood gas measurements on the same day (n = 10), the PF ratio did not meet ARDS
criteria. There were no major differences in clinical characteristics or comorbidities between
groups with the exception of APACHE (Acute Physiology and Chronic Health Evaluation)
IT scores, which were higher in the group diagnosed by PF ratio. However, this difference was
no longer apparent when arterial blood gas-dependent variables (pH, Pao,) were removed
from the APACHE II score. There were also no differences in clinical outcomes including
duration of mechanical ventilation (mean, 7 days in both groups; P =.25), duration of ICU
stay (mean, 10 days vs 9 days in PF ratio vs SF ratio; P =.26), or hospital mortality (36% in
both groups, P=.9).
CONCLUSIONS: Patients with ARDS diagnosed by SF ratio have very similar clinical character-
istics and outcomes compared with patients diagnosed by PF ratio. These findings suggest that
SF ratio could be considered as a diagnostic tool for early enrollment into clinical trials.
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ARDS is a catastrophic syndrome of pulmonary inflam-
mation and injury that carries a high risk of morbidity and
mortality.? Although short-term mortality has been
improved with lung-protective mechanical ventilation,
failure to diagnose ARDS is common? and potentially
contributes to undertreatment. The clinical syndrome of
ARDS is diagnosed by consensus definitions. The long-
standing American-European Consensus Conference
definition* has been replaced by the Berlin definition.’
Like the American-European Consensus Conference
definition, the Berlin definition requires arterial blood gas
analysis to assess the severity of hypoxemia. However,
the widespread adoption of continuous pulse oximetry,
concerns about excessive blood draws and high costs,
and reductions in placement of arterial lines have reduced
the use of arterial blood gas sampling in critical illness.53
Arterial blood gas sampling also may not be readily
available in practice settings with limited resources.
Thus, lack of arterial blood gas measurements in many
patients may contribute to underdiagnosis of ARDS.

To determine if pulse oximetric measurement of the
oxygen saturation as measured by pulse oximetry/F1o0,
(SF) ratio could be substituted for Pao,/F10, (PF) ratio

for diagnosis of ARDS, Rice et al® analyzed corresponding
measurements of oxygen saturation as measured by
pulse oximetry (Spo,) (values <97%) and Pao, from
patients enrolled in one of the ARDS Network clinical
trials and found that SF ratios were highly correlated with
PF ratios. The SF ratio has also been used to identify
children with ARDS, ¢ substituted for PF ratio in the Lung
Injury Score of ARDS severity,'! and substituted for the
PF ratio in the Sequential Organ Failure Assessment
scores.'> However, in a single-center study of 102 patients
in the ICU, the SF ratio was not always concordant with
PF ratio,'>!* and there continues to be uncertainty as to
whether diagnosis of ARDS using the SF ratio might lead
to identification of a less severely ill group of patients. To
address this uncertainty, we performed a cross-sectional
analysis of a prospective observational cohort of criti-
cally ill patients that includes patients who received
diagnoses of ARDS by PF ratio and by the SF cutoffs of
Rice et al.® The aims of this study were to determine

(1) whether patients with ARDS diagnosed by SF ratio
have similar clinical characteristics and outcomes with
those diagnosed by PF ratio and (2) to determine
whether ARDS severity could be reliably stratified by
the SF ratio compared with the PF ratio.

Materials and Methods
Study Design

We studied patients who were prospectively enrolled from January 23,
2006, to July 14, 2013, in the Validating Acute Lung Injury Markers for
Diagnosis (VALID) study. The VALID study was designed to identify
and validate plasma biomarkers for diagnosis and prognosis of ARDS,
and all subjects in the study are carefully phenotyped for ARDS. The
Vanderbilt University Institutional Review Board approved the study
protocol (IRB #051065) with a waiver of informed consent. However,
written informed consent was obtained from the patient or their surro-
gate whenever possible.

Patients eligible for the VALID study were those aged =18 years
admitted to the medical, surgical, cardiovascular, and trauma ICUs who
remained in the ICU for at least 2 days and were evaluated for enrollment
the morning after ICU admission. Detailed inclusion and exclusion cri-
teria for patients in VALID were described previously.'* Clinical data,
including demographics, prehospital medications, medical history, code
status, and admission diagnoses were collected on enrollment; clinical
data such as hemodynamics, ventilator variables, laboratory values, and
in-hospital medications were collected daily for the first 4 days in the
ICU. The lowest PF and SF ratios for each study day were recorded.
For the SF ratio, only Spo, values < 97% were used for calculation.® The
diagnoses of sepsis, organ dysfunction, and ARDS were determined
daily for the first 4 ICU days according to published consensus defini-
tions.*1617 The primary outcome was any ARDS during the first 4 days
in the ICU as defined by consensus of two physician investigators using
the American European Consensus Conference ALI and ARDS defini-
tions; this outcome is subsequently referred to as ARDS herein, in keep-
ing with the Berlin definition of ARDS.* Throughout the VALID study,
the diagnosis of ARDS was made if either the SF ratio or the PF ratio
met criteria for ARDS; a previously established SF ratio cutoff of <315
was used.” Outcome data, including duration of mechanical ventilation,
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duration of ICU stay, duration of hospital stay, and hospital mortality,
were collected.

Study Population

During the 7-year study period, 2,746 patients were enrolled into the
VALID study. Among these, 810 patients received a diagnosis of ARDS
during the first 4 days of ICU admission and were considered for inclu-
sion (Fig 1). Based on the Berlin definition,’ we excluded patients who

2746 patients enrolled
into VALID considered
for inclusion into cohort

810 patients diagnosed
with ARDS

79 without a minimum
PEEP of 5mmHg

110 admitted to SICU
253 admitted to TICU
6 admitted to CVICU

362 patients diagnosed
with ARDS in MICU

/\

238 patients diagnosed 124 patients diagnosed
by P/F ratio by S/F ratio

Figure 1 - Study flow diagram. CVICU = cardiovascular ICU;
MICU = medical ICU; PEEP = positive end-expiratory pressure;

P/F = Pao,/F10,; S/F = oxygen saturation as measured by pulse
oximetry/F1o,; SICU = surgical ICU; TICU = trauma ICU; VALID =
Validating Acute Lung Injury Markers for Diagnosis.
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did not have a minimum CPAP or positive end-expiratory pressure of
5 cm H,O on the day of ARDS diagnosis. We also excluded patients
admitted to the trauma, surgical, and cardiovascular ICUs. Arterial
blood gas sampling was much more common in these ICUs, and only
a small minority of patients (5%-10%) received a diagnosis of ARDS
using the SF ratio compared with 34% in the medical ICU.

Severity of ARDS

For analysis of ARDS severity, patients who had a PF ratio available
on the day of ARDS diagnosis were stratified into mild, moderate, and
severe using the lowest PF ratio for that day according to the Berlin
definition.> Patients who only had an SF ratio at ARDS diagnosis were
stratified into mild, moderate, and severe by applying cutoffs derived

from the relationship between Spo,/F10, and Pao,/F10, by Rice et al,’
(cutoffs of 315, 235, and 144 for mild, moderate, and severe ARDS,
respectively) to the lowest SF ratio for that day.

Statistical Analysis

Continuous variables are expressed as mean value with SD. Cate-
gorical variables are expressed as counts and percentages. Compar-
ison of two groups with continuous variables was conducted using
Wilcoxon rank-sum test. Comparison of categorical variables between
two groups was performed with a x2 test or Fisher exact test. SPSS
Statistics, version 21.0 (IBM Corporation) was used for statistical
analysis; a two-sided significance level of 0.05 was used for statistical
inference.

Results

Characteristics of Patients Who Received
a Diagnosis of ARDS by PF Ratio Compared
With SF Ratio

A total of 362 patients with ARDS met the inclusion and
exclusion criteria and were included in the current study
(Fig 1). Of these, 238 patients with ARDS (66%) received
a diagnosis by PF ratio, and 124 patients (34%) received
a diagnosis by SF ratio. Table 1 includes a comparison of
baseline characteristics and risk factors for ARDS between
patients who received a diagnosis by PF and SF ratios.

TABLE 1 | Comparison of Demographic Data and
Risk Factors Between Patients With ARDS
Diagnosed by PF Ratio and by SF Ratio

Diagnosed Diagnosed
by PF Ratio | by SF Ratio
Characteristic (n=238) (n=124) P Value
Age, y 51+18 52+17 .626
APACHE II 31+8 26+8 <.001
Modified APACHE II 277 26+8 .205
without pH, Pao,
Male 115 (48) 65 (52) .507
White 210 (88) | 101 (82) .082
Current smoker 86 (36) 36 (29) .198
Diabetes 69 (29) 32 (26) .540
Alcohol 36 (15) 26 (21) .186
Chronic liver disease 27 (11) 18 (15) .404
Chronic kidney disease 48 (20) 23 (19) .781
On dialysis 5(2.1) 8 (6.5) .069
ARDS risk factor .300
Sepsis 82 (35) 54 (44)
Pneumonia 87 (37) 31 (25)
Aspiration 55 (23) 28 (23)
Other 10 (4) 7 (6)

Data presented as mean = SD or No. (%). APACHE = Acute Physiology
and Chronic Health Evaluation; PF = Pao,/F10,; SF = oxygen saturation
as measured by pulse oximetry/F1o,.
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Opverall, patients with ARDS diagnosed by PF ratio had
similar characteristics to patients who received a diag-
nosis by SF ratio except for a significantly higher severity
of illness as measured by the APACHE (Acute Physi-
ology and Chronic Health Evaluation) II score (31 = 8
vs 26 =8, P<.001). Because two variables used to cal-
culate the APACHE II score require arterial blood gas
analysis (pH and Pao,), and arterial blood gas analysis
was not available in the majority of patients diagnosed
by SF ratio, we calculated a modified APACHE II score
for all patients that did not include points for pH or Pao,.
This modified APACHE II score did not differ between
the two groups (P =.205) (Table 1). The most common
risk factors for ARDS were nonpulmonary sepsis and
pneumonia. Risk factors did not differ between patients
who received a diagnosis by PF ratio or SF ratio.

Concordance Between PF and SF Ratios in the
Same Patients

The overall rate of discordance between PF and SF
ratios for ARDS diagnosis was 8.2% (n = 30 of 362).
All patients (n = 238) diagnosed with ARDS by PF ratio
had at least one SF ratio recorded on the same day. For
20 of the 238 patients (8.4%) who received a diagnosis
of ARDS by PF ratio, the lowest SF ratio on the day of
ARDS diagnosis was > 315, indicating diagnostic dis-
cordance. Among 124 patients with ARDS that was
diagnosed by SF, only 10 patients (8.0%) underwent
arterial blood gas tests on the same day. For these

10 patients, the lowest PF ratio on the day of ARDS
diagnosis was > 300, indicating diagnostic discordance.
In this group, reliance on the PF alone would have
missed the diagnosis of ARDS.

Clinical Course and Outcomes of Patients Who
Received a Diagnosis by PF Ratio vs SF Ratio

A total of 329 patients with ARDS (91%) received inva-
sive mechanical ventilation during the first 4 study days.
There was no difference between the PF ratio and SF
ratio diagnosis group (92% vs 88%, P =.179) (Table 2).
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TABLE 2 | Comparison of Clinical Course and
Outcomes Between Patients With ARDS
Diagnosed by PF Ratio and by SF Ratio

Diagnosed Diagnosed
by PF Ratio | by SF Ratio
Clinical Course or Outcome (n=238) (n=124) P Value
Ventilation mode on .109
the day of ARDS
diagnosis
Mechanical ventilator | 217 (91) | 106 (86)
NIPPV 21 (9) 18 (14)
Ventilation mode on .179
the fourth day
of study
Mechanical ventilator | 220 (92) | 109 (88)
NIPPV 18 (7.6) 15 (12)
No. of study days with .002
ARDS
1 13 (5.5) 16 (13)
2 34 (14) 26 (21)
3 34 (14) 25 (20)
4 157 (66) 57 (46)
Timing of diagnosis <.001
of ARDS
First day 229 (96) 94 (76)
Second day 5(2.1) 15 (12)
Third day 2 (0.8) 8 (6.5)
Fourth day 2 (0.8) 7 (5.6)
Length of ICU stay 10=8 9+8 .263
Length of ventilation 7+7 7+8 .251
Ventilator-free days 13+10 15+10 .169
Length of hospital 17+13 17+13 .710
stay, d
Hospital mortality 85 (36) 45 (36) .909

Data presented as mean = SD or No. (%). NIPPV = noninvasive positive
pressure ventilation. See Table 1 legend for expansion of other
abbreviations.

There was also no significant difference between the PF
ratio and SF ratio diagnosis groups in the need for inva-
sive mechanical ventilation on the day of ARDS diagno-
sis (91% vs 86%, P =.109). There was a trend toward
more noninvasive ventilation in the SF ratio diagnosis
group with 18 patients (14%) receiving noninvasive
ventilation on the day of ARDS diagnosis compared
with 9% of the PF ratio diagnosis group; three of these
patients required invasive mechanical ventilation before
the fourth day of study enrollment.

Patients who received a diagnosis by PF ratio were more
likely to be diagnosed with ARDS on the first day of ICU
admission compared with those diagnosed by SF ratio
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(96% vs 76%, P<<.001), as shown in Table 2. There were
no significant differences between the two groups in
length of ICU stay, length of mechanical ventilation,
ventilator-free days, length of hospital stay, or hospital
mortality (Table 2).

ARDS Severity Assessment by PF Ratio
vs SF Ratio

In the PF diagnosis group, the mortality rates of mild,
moderate, and severe ARDS as defined by Berlin criteria
were 37.8%, 36.7%, and 33.7%, respectively (P = .86).
Using the SF ratio to assess severity, the mortality rates
of mild, moderate, and severe ARDS were 30.6%, 23.1%,
and 61.1%, respectively (P<.001) (Fig 2). Clinical char-
acteristics and outcomes in patients who did not have
shock on the day of ARDS diagnosis were also analyzed
(e-Appendix 1, e-Tables 1, 2).

Discussion

Because of continued uncertainty regarding the useful-
ness of the SF ratio for diagnosis of ARDS, we sought
to investigate whether there are systematic differences
between patients who received a diagnosis of ARDS by
PF ratio compared with patients with ARDS diagnosed
by SF ratio. In a large cohort of 362 carefully phenotyped
patients with ARDS in the medical ICU, we found no
differences in demographics, comorbidities, or severity
of illness between patients with ARDS diagnosed by

PF ratio compared with SF ratio. The only difference in
clinical presentation between the two groups was the
timing of diagnosis of ARDS. Patients who received

a diagnosis by PF ratio were more likely to be diag-
nosed on the first ICU day compared with patients who
received a diagnosis by SF ratio. However, the length of
hospital stay, length of mechanical ventilation, and

70
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Figure 2 - Mortality rate classified by severity of ARDS according to PF
(n=238, P=.869) or SF ratio (n =124, P =.001) by x? test. See Figure
1 legend for expansion of abbreviations.
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hospital mortality rates were similar between the two
groups.

Since a protective lung ventilator strategy significantly
improves the outcomes of patients with ARDS, early
identification of ARDS and early application of lower
tidal volume ventilation are crucial. Levitt et al'8 defined
a clinical diagnosis of early acute lung injury at hospital
admission if there were bilateral opacities on chest radio-
graph and an initial oxygen requirement of >2 L/min.
This definition showed a high sensitivity and specificity for
progression to acute lung injury.'8 Moreover, Festic et al’®
showed that SF ratio, measured within the first 6 h after
hospital admission, is an independent indicator of ARDS
development among patients at risk.? In the current
study, diagnosis of ARDS using SF ratio rather than PF
ratio identified patients with similar outcomes. Since

SF is continuously available, its use may facilitate earlier
diagnosis and application of protective ventilation.

In addition to comparing clinical characteristics between
patients who received a diagnosis ARDS by PF vs SF
ratio, we also sought to determine if PF or SF ratio was
superior for stratifying severity of ARDS into mild,
moderate, and severe categories by comparing hospital
mortality rates by severity of hypoxemia. Using this
approach, we found no association between the severity
of ARDS diagnosed by PF ratios and hospital mortality.
These findings are concordant with several studies that
have shown that the PF ratio measured at the onset of
ARDS is not an independent predictor of mortality.20-25
One possible explanation for the lack of the power of
the PF ratio to discriminate adverse outcome in ARDS
is that the PF ratio is highly variable depending on the
ventilator strategy chosen. In one study, standardization
of ventilator settings greatly improved risk stratification
of ARDS by PF ratio.? In the current study, use of the
SF ratio to classify severity performed somewhat better
than the PF ratio; patients with severe ARDS by SF ratio
had a significantly higher mortality rate compared with
those with moderate and mild ARDS.

Continuous pulse oximetry has been incorporated into
standard monitoring in the intensive care unit for decades.
Use of the pulse oximetry to monitor the SF ratio for
hypoxemia in critically ill patients has a number of the-
oretical advantages over arterial blood gas monitoring.
First, the noninvasive nature of pulse oximetry avoids
excessive arterial blood draws, which may lead to anemia,
hemorrhage, vascular injury, and procedure-associated
complications.?” Second, pulse oximetry allows contin-
uous monitoring of the oxygen saturation, which may
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increase the likelihood of early detection of ARDS or
recognition of patients who may have ARDS but have
not undergone arterial blood gas sampling. As such, use
of pulse oximetry to screen for ARDS may facilitate
early enrollment into clinical trials and early diagnosis
and treatment in clinical practice.® These theoretical
advantages, coupled with data from the current study
suggesting that ARDS diagnosed by SF ratio is not clini-
cally different from ARDS diagnosed by PF ratio, sup-
port a broader role for the SF ratio for ARDS diagnosis
in both clinical and research settings. Although there
have been some concerns surrounding accuracy of pulse
oximetry in dark-skinned individuals, previous reports
indicated that the arterial oxygen saturation was slightly
different (3.56% = 2.45%) from Spo, only at very low
oxygen saturations (60%-70% arterial oxygen saturation).?
In our study, none of the patients with ARDS diagnosed
by SF ratio was at below 80% Spo, making it unlikely
that any differences in skin color between groups con-
founded the results.

In this study, there were more patients who developed
ARDS after the second day of enrollment among those
who received a diagnosis by SF ratio compared with
patients who received a diagnosis by PF ratio. One pos-
sible explanation for this finding is that the SF ratio is
particularly well suited for diagnosis of delayed ARDS
after ICU admission since the frequency of arterial
blood gas measurement may diminish after the first
ICU day. Although the difference did not reach signifi-
cance, a higher percentage of patients in the SF diagno-
sis group were receiving noninvasive ventilation on the
day of ARDS diagnosis. This finding suggests that the
SF ratio may also be useful in diagnosis ARDS in those
receiving noninvasive mechanical ventilation since this
group may be less likely to have an arterial access cath-
eter placed or to undergo arterial blood gas sampling.

This study has a number of strengths. First, the ARDS
phenotyping was done prospectively by multiple expert
physician investigators’ review of all chest radiographs,
clinical history, and blood gas and pulse oximetry data.
Second, the study includes a heterogeneous population
of patients with ARDS in a large tertiary academic med-
ical ICU with a broad spectrum of severity of illness and
comorbidities, which should enhance generalizability.
Third, all available blood gas and pulse oximetry data
were recorded prospectively, for the explicit purpose
of ARDS diagnosis. The study also has some limitations.
First, it is a post hoc analysis, and we only studied patients
admitted to the medical ICU, making the findings most
applicable to this patient population. In the surgical and
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trauma ICUs, a very high frequency of arterial blood gas
sampling led to few patients who had ARDS diagnosed
by SF ratio. Second, the study was done in a medical
ICU that generally has a low frequency of arterial blood
gas analysis. The findings might not be generalizable to
an ICU setting where arterial blood gas analysis is done
multiple times per day in the majority of patients. Third,
pulse oximetry is affected not only by Pao, but by pH
and venous oxygen saturation and oxygen extraction.
For this reason, a low Spo, could also signify local or
global hypoperfusion and not arterial hypoxemia.?
Finally, since PF data were not available in the majority
of patients who received a diagnosis of ARDS by SF
ratio, it is not possible to determine whether those
patients actually met criteria for diagnosis of ARDS by

the current clinical definition of ARDS. However, the
similar demographics, severity of illness, and clinical out-
comes between the two diagnostic strategies suggest that
the SF ratio does not select for a group of patients who
are clinically different from those diagnosed by PF ratio.

In summary, in a large cohort of patients admitted to the
medical ICU, patients with ARDS diagnosed by SF ratio
have very similar clinical characteristics and outcomes
to patients with ARDS diagnosed by PF ratio. These find-
ings suggest that the SF ratio is a useful tool for assess-
ment of hypoxemia in the diagnosis of ARDS. Since
pulse oximetry is continuously available, use of the SF
ratio could facilitate earlier diagnosis and treatment and
improve overall rates of diagnosis and treatment of ARDS.
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