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ABSTRACT

Background: Arterial blood gas (ABG) analysis is rapidly available in emergency and intensive care settings and con-
stitutes a core component of many critical illness scoring systems. Although ABG parameters are incorporated into
many multidimensional critical illness scoring systems, their independent contribution to mortality prediction re-
mains uncertain because these variables may change rapidly during the early course of critical illness and resuscita-
tion. This study evaluated the prognostic performance of ABG parameters and validated severity scoring systems for
predicting 28-day mortality in critically ill patients admitted from the emergency department (ED) to the intensive
care unit (ICU).

Methods: In this prospective observational cohort study, 242 adult patients admitted from the ED to the internal
medicine ICU between January 2012 and March 2013 were enrolled. Admission ABG parameters (pH, PaCO,, PaO,,
and HCO3™) and severity scores (APACHE I, APACHE IV, and SAPS Il) were recorded. The primary outcome was 28-
day all-cause mortality. Prognostic discrimination was assessed using receiver operating characteristic (ROC) curve
analysis.

Results: Overall 28-day mortality was 47.1%. Non-survivors had significantly higher APACHE I, APACHE IV, and SAPS
Il scores than survivors (all p < 0.001). SAPS Il demonstrated the best prognostic performance (AUC 0.720; 95% ClI
0.659-0.776), significantly outperforming APACHE Il and APACHE IV. In contrast, none of the individual ABG param-
eters independently predicted 28-day mortality (all p > 0.05).

Conclusions: Multidimensional severity scoring systems, particularly SAPS II, provide superior prognostic discrimina-
tion compared with isolated ABG parameters in critically ill ED patients. Although ABG analysis remains essential for
acute physiologic assessment, isolated blood gas variables appear insufficient as standalone mortality predictors in
heterogeneous ICU populations.
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HINTRODUCTION

Emergency department (ED) overcrowding represents
an escalating global public health problem, imposing
substantial strain on hospital resources and compro-
mising the timely care of critically ill patients [1, 2].
Within this constrained environment, identifying pa-
tients who require immediate ICU admission and in-
tensive monitoring is paramount. Failure to recognize
deteriorating patients early is associated with increased
adverse outcomes, delayed intervention, and avoidable

mortality [3]. Conversely, unnecessary ICU admissions
consume limited resources and expose stable patients
to unnecessary risks. Robust, early prognostic stratifi-
cation tools are therefore essential for both individual
patient management and system-level resource alloca-
tion.

Arterial blood gas (ABG) analysis is one of the most
rapidly available investigations in emergency and criti-
cal care medicine, routinely obtained within minutes
of patient assessment. It provides immediate data on
oxygenation, ventilation, and acid-base status, and is
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integrated into virtually every acute physiologic scor-
ing system. As such, ABG parameters are often intui-
tively applied by emergency and critical care clinicians
as prognostic surrogates. Specifically, severe acidemia,
hypercapnia, hypoxemia, and markedly reduced bicar-
bonate concentrations are commonly interpreted as
indicators of grave prognosis [4, 5]. This clinical heu-
ristic is physiologically plausible: profound metabolic
derangements reflect tissue hypoperfusion, organ dys-
function, and the failure of compensatory mechanisms.

However, the prognostic value of isolated pretreat-
ment ABG variables—considered independently rath-
er than as components of composite scores—remains
incompletely characterized, particularly in heteroge-
neous internal medicine ICU populations presenting
from the ED. Critically ill patients admitted from the
ED encompass an extraordinarily diverse case mix: res-
piratory failure, sepsis, acute renal failure, neurologi-
cal emergencies, toxicological presentations, metabolic
crises, and cardiac arrest, among others. In this context,
a single metabolic parameter measured at a single time
point is subject to numerous confounders, including
the timing and degree of early resuscitation, compensa-
tory physiologic responses, chronic comorbidities, and
mixed pathophysiologic states [6, 7]. Recent critical
care research has increasingly emphasized the limita-
tions of static single-time-point prognostic models and
highlighted the importance of dynamic physiologic
monitoring and continuously updated risk prediction
systems in critically ill populations [8, 9].

Multidimensional severity scoring systems—includ-
ing the Acute Physiology and Chronic Health Evalu-
ation (APACHE) II and IV and the Simplified Acute
Physiology Score (SAPS) II—were developed precise-
ly to address this complexity. By integrating multiple
physiologic variables with age and chronic health sta-
tus, these instruments provide a broader characteriza-
tion of disease burden and have demonstrated superior
discriminative ability for ICU mortality in validated co-
horts [10, 11]. Nevertheless, these scoring systems are
predominantly validated in established ICU popula-
tions rather than in patients at the point of ED-to-ICU
transfer, and their comparative performance against
simple ABG parameters in this specific transition zone
is not uniformly established.

This study prospectively evaluated critically ill adult
patients admitted from the ED to the internal medicine
ICU, aiming to determine whether pretreatment ABG
parameters—pH, PaCO,, PaO,, and HCO; —indepen-
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dently predict 28-day mortality and whether multidi-
mensional scoring systems (APACHE II, APACHE IV,
SAPS II) provide superior prognostic discrimination.

B METHODS

This prospective observational cohort study was con-
ducted in the Emergency Department of Mustafa Ke-
mal University Tayfur Ata S6kmen Training and Re-
search Hospital between January 2012 and March 2013.
The study was performed in accordance with the prin-
ciples of the Declaration of Helsinki. Written informed
consent was obtained from all participants or, in cases
of impaired decision-making capacity, from their le-
gally authorized representatives. Ethical approval was
granted by the Clinical Research Ethics Committee of
Mustafa Kemal University Faculty of Medicine (Ap-
proval No: 2012/302). The study was also published
in thesis format in the National Thesis Center of the
Council of Higher Education under the title “The Im-
portance of Blood Gas Assessment in the Management
of Critically Ill Patients and in Determining Mortality,
Intensive Care Requirement, and Length of ICU Stay”
(Thesis No: 443770).

To evaluate the prognostic value of arterial blood
gas parameters for 28-day mortality, an a priori pow-
er analysis indicated that 220 subjects would provide
80% power to detect an AUC of 0.60, compared to a
baseline AUC of 0.50, with a two-tailed alpha level of
0.05 and a predicted event rate of nearly 50%. Given
that the present study enrolled 242 patients, the cohort
possessed adequate statistical power to discern modest
ROC-based predictive capacities. Nonetheless, identi-
fying marginal prognostic contributions from specific
blood gas parameters remains constrained, requiring
expansive multicenter cohorts for validation.

A post hoc power analysis was performed for the
primary ROC-based prognostic analysis of 28-day
mortality. Using the observed sample size of 242 pa-
tients, including 114 non-survivors and 128 survivors,
and the observed AUC of SAPS II for 28-day mortal-
ity prediction (AUC = 0.720), the achieved statistical
power was greater than 99.9% at a two-sided alpha level
of 0.05. The corresponding achieved power values were
99.6% for APACHE II (AUC = 0.661) and 99.1% for
APACHE IV (AUC = 0.653). These findings indicate
that the final cohort was adequately powered to detect
the observed discriminatory performance of the multi-
dimensional severity scoring systems. However, small-
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er discriminatory effects of individual arterial blood
gas parameters would require larger cohorts.

From a consecutive screening population of 774
patients admitted from the ED to the internal medi-
cine ICU during the study period, 242 patients were
enrolled. Inclusion criteria were: (1) adult age (=18
years); (2) arterial blood gas sampling performed in
the ED prior to ICU admission; (3) provision of in-
formed consent. Exclusion criteria were: (1) age <18
years; (2) pregnancy; (3) primary traumatic injury; (4)
requirement for surgical intervention as the primary
management strategy; (5) incomplete data preclud-
ing full scoring system calculation. Patients for whom
specific variables essential to scoring calculations were
unavailable solely due to absent clinical indication (i.e.,
not omitted as a result of the study protocol) were ex-
cluded. A detailed flow diagram illustrating patient
screening, exclusion criteria, follow-up procedures,

Patients screened
(n=774)
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and final cohort allocation is presented in Figure 1.
Missing data were handled by complete-case analysis.
Patients with incomplete baseline data preventing cal-
culation of APACHE II, APACHE IV, or SAPS II scores
were excluded before study inclusion. No imputation
procedures were performed. Patients with unavailable
28-day outcome information were excluded during the
screening process, as shown in Figure 1. Therefore, the
final analytical cohort consisted only of patients with
complete baseline variables required for severity score
calculation and confirmed 28-day vital status.

Demographic, clinical, and laboratory data were
collected prospectively. ABG parameters—pH, PaCO,
(mmHg), PaO, (mmHg), and HCO;~ (mEq/L)—were
measured from samples obtained in the ED using a
point-of-care blood gas analyzer prior to ICU trans-
fer and during the initial ED evaluation. APACHE 1II,
APACHE IV, and SAPS II scores were calculated using
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Fig. 1. Study Flow Diagram Showing Patient Screening, Exclusion Criteria, Follow-up Procedures,
and Final Cohort Allocation
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the most abnormal values recorded during the emer-
gency department stay and early ICU admission. For
variables requiring 24-hour assessment windows, the
worst available physiologic values documented during
this period were used for score calculation. Glasgow
Coma Scale (GCS) scores were recorded prior to any
sedation; pre-sedation scores were used where applica-
ble.

The primary outcome was all-cause 28-day mortali-
ty. All patients were followed for a minimum of 28 days.
Vital status was determined using hospital records, out-
patient follow-up documentation, and direct telephone
contact when necessary.

Categorical variables are presented as frequen-
cies and percentages; continuous variables as means
+ standard deviation (SD). Between-group compari-
sons of continuous variables were performed using
the Student's independent t-test. Categorical associa-
tions were assessed with the chi-square test. Receiver
operating characteristic (ROC) curve analysis was per-
formed to evaluate the discriminatory performance of
each scoring system and ABG parameter for 28-day
mortality, with results reported as area under the curve
(AUC) with 95% confidence intervals (CI). Pairwise
AUC comparisons were performed using the DeLong
method. Survival distributions were estimated by the
Kaplan-Meier method and compared between groups
using the log-rank test. Correlation between scoring
systems and between bicarbonate and base deficit was
assessed with linear regression. All analyses were per-

Table 1: Baseline Characteristics by Outcome
Variable
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formed using SPSS version 20.0 (IBM Corporation,
Armonk, NY, USA) and MedCalc Statistical Software.
A two-sided p-value < 0.05 was considered statistically
significant.

HRESULTS

A total of 242 patients were enrolled (129 male [53.3%],
113 female [46.7%]). Overall 28-day mortality was
47.1% (n = 114). Mean age of the entire cohort was
62.95 years (median 67 years). Non-survivors were
significantly older than survivors (mean age 67.86 vs.
58.57 years; p < 0.05).

The primary admission diagnoses were: respira-
tory failure (n = 86; 35.5%), acute renal failure (n =
42; 17.4%), neurological emergencies (n = 29; 12.0%),
gastrointestinal/hepatic causes (n = 18; 7.4%), cardiac
arrest (n = 20; 8.3%), hematological disorders (n = 14;
5.8%), toxicological presentations (n = 13; 5.4%), en-
docrine emergencies (n = 12; 5.0%), and sepsis (n = 8;
3.3%). Mortality varied substantially by diagnostic cat-
egory: the highest mortality was observed in cardiac ar-
rest patients (90%), while endocrine emergencies (0%)
and toxicological presentations (7.7%) had the lowest
mortality rates (p < 0.001). Toxicological and hemato-
logical patients were significantly younger than other
diagnostic subgroups (p < 0.05). Baseline demographic
and clinical characteristics of the study population are
presented in Table 1, while the distribution of diagnos-
tic categories is summarized in Table 2.

Survivors (n=128)

Non-survivors (n=114) p-value

Age, years (mean * SD) 58.57 67.86 <0.001
Male sex, n (%) 76 (59.4%) 53 (46.5%) 0.052
APACHE Il score (mean) 16.2 211 <0.001
APACHE IV score (mean) 53.6 66.5 <0.001
SAPS Il score (mean) 32.1 453 <0.001

SD = standard deviation. APACHE = Acute Physiology and Chronic Health Evaluation; SAPS = Simplified Acute Physiology Score.

Table 2: Diagnostic Category Distribution and 28-Day Mortality

Diagnostic Categor Survivors Deaths

Respiratory failure 86 46 40 46.5
Acute renal failure 42 24 18 429
Neurological 29 8 21 72.4
Cardiac arrest 20 2 18 90.0
Gastrointestinal 18 12 6 33.3
Hematologic 14 10 4 28.6
Toxicology 13 12 1 7.7
Endocrine 12 12 0 0.0
Sepsis 8 2 6 75.0
Total 242 128 114 471

Chi-square test across diagnostic categories: p<0.001
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All three scoring systems were significantly associ-
ated with 28-day mortality. Mean APACHE 1II scores
were 16.2 = 7.4 in survivors versus 21.1 + 8.5 in non-
survivors (p < 0.001). Mean APACHE IV scores were
53.6 in survivors versus 66.5 in non-survivors (p <
0.001). Mean SAPS II scores were 32.1 in survivors ver-
sus 45.3 in non-survivors (p < 0.001). All three systems
were mutually correlated by linear regression (all p <
0.001).

On ROC analysis, SAPS II demonstrated the highest
discriminatory performance for 28-day mortality (AUC
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= 0.720; 95% CI 0.659-0.776), followed by APACHE
IT (AUC = 0.661; 95% CI 0.598-0.721) and APACHE
IV (AUC = 0.653; 95% CI 0.589-0.712). Pairwise
comparison demonstrated that SAPS II significantly
outperformed both APACHE II (difference in AUC =
0.059; p = 0.022) and APACHE IV (difference in AUC
=0.067; p = 0.006). The difference between APACHE II
and APACHE IV was not statistically significant (AUC
difference = 0.009; p = 0.756). A summary of the ROC
curve analyses is provided in Table 3, and the corre-
sponding ROC curves are illustrated in Figure 2.

Table 3: ROC Curve Analysis: Severity Scoring Systems for 28-Day Mortality Prediction

Scoring System AUC
SAPS I 0.720
APACHE Il 0.661
APACHE IV 0.653

Pairwise comparisons (DeLong method):

Comparison AUC Difference
SAPS 11 vs. APACHE Il 0.059
SAPS 11 vs. APACHE IV 0.067
APACHE Il vs. APACHE IV 0.009

95% ClI SE p-value
0.659-0.776 0.0326 <0.001
0.598-0.721 0.0348 <0.001
0.589-0.712 0.0350 <0.001

95% Cl p-value
0.008-0.109 0.022
0.020-0.115 0.006

-0.047 to 0.065 0.756

AUC = area under the ROC curve; Cl = confidence interval; SE = standard error; SAPS = Simplified Acute Physiology Score; APACHE = Acute Physiology and Chronic Health Evaluation.
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Fig. 2. Receiver Operating Characteristic (ROC) Curves for Severity Scoring Systems
Receiver operating characteristic (ROC) curves for APACHE Il (solid blue line), APACHE IV (dashed orange line), and SAPS Il (dotted green
line) for prediction of 28-day all-cause mortality in 242 critically ill patients admitted from the emergency department to the intensive
care unit. SAPS Il demonstrated the highest discriminatory performance (AUC 0.720; 95% Cl 0.659-0.776), significantly outperforming
APACHE Il (AUC 0.661; p =0.022) and APACHE IV (AUC 0.653; p = 0.006). The diagonal reference line represents chance discrimination
(AUC = 0.500). P-values were calculated using Delong pairwise comparisons.
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ICU length of stay was significantly correlated with
all three scoring systems (APACHE II and IV: p <
0.001; SAPS II: p = 0.01). However, substantial scatter
in regression plots indicated that individual-level LOS
prediction from these scores should be interpreted
with caution.

Of the 242 patients, 19.4% (n = 47) had a normal
blood gas profile; 26.7% (n = 67) had mixed acid-base
disturbances. The overall mortality of patients with a
normal ABG at ED presentation was 55.3%, exceeding
the overall cohort mortality rate—underscoring that a
normal initial blood gas does not exclude critical ill-
ness.
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When stratified by pH category (severe acidosis pH
< 7.20; acidosis pH 7.21-7.34; normal pH 7.35-7.45;
alkalosis pH > 7.46), 28-day mortality rates were
50.0%, 46.4%, 51.7%, and 33.3%, respectively. Differ-
ences across pH groups were not statistically significant
(chi-square p = 0.300). Kaplan-Meier survival analysis
showed no significant difference in survival curves
across pH groups (log-rank p = 0.118). ROC analysis
confirmed that pH was not a significant discriminator
of 28-day mortality (AUC p = 0.532). pH was not cor-
related with ICU length of stay (p = 0.050). The distri-
bution of arterial blood gas profiles and the association
between admission pH categories and 28-day mortality
are presented in Tables 4 and 5, respectively.

Table 4: Distribution of arterial blood gas profiles and associated 28-day mortality

Arterial blood gas profile Total, n (%) Death, n Discharged, n Mortality (%)
Metabolic acidosis 37 (15.3) 13 24 35.1
Metabolic alkalosis 12 (5.0) 8 4 66.7
Metabolic alkalosis + respiratory alkalosis 2 (0.8) 0 2 0.0
Normal arterial blood gas profile 47 (19.4) 26 21 55.3
Respiratory acidosis 43 (17.8) 22 21 51.2
Respiratory acidosis + metabolic acidosis 43 (17.8) 23 20 53.5
Respiratory acidosis + metabolic alkalosis 8(3.3) 6 2 75.0
Respiratory alkalosis 36 (14.9) 10 26 27.8
Respiratory alkalosis + metabolic acidosis 14 (5.8) 6 8 42.9
Total 242 (100) 114 128 47.1

Table 5: Association between admission pH categories and 28-day mortality

pH category Definition Total, n (%) Death, n Discharged, n Mortality (%)
Severe acidosis pH<7.20 48 (19.8) 24 24 50.0
Acidosis pH 7.21-7.34 69 (28.5) 32 37 46.4
Normal pH pH 7.35-7.45 89 (36.8) 46 43 51.7
Alkalosis pH>7.46 36 (14.9) 12 24 33.3
Total 242 (100) 114 128 47.1

Statistical analysis: x* = 3.666, df = 3, p = 0.300.

Serum HCO;™ was grouped according to SAPS II-
analogous thresholds (< 15, 15-19, > 20 mEq/L). Over-
all chi-square analysis suggested a significant difference
across groups (p = 0.023); however, post-hoc pairwise
analysis revealed no statistically significant difference
between HCO;™ < 15 and HCO;™ > 20 groups (p =
0.586), indicating the association was non-monotonic
and not consistent with independent prognostic utility.
ROC analysis confirmed that HCO;~ was not an inde-
pendent mortality predictor (AUC = 0.540; p = 0.276).
A strong linear correlation was observed between
HCO;™ and base deficit/excess (regression coeflicient r
=0.879; p < 0.001).

PaCO, did not differ significantly between survivors

and non-survivors (38.7 vs. 43.0 mmHg; p = 0.067).
When stratified by hypocapnia (PaCO, < 35 mmHg),
normocapnia (35-45 mmHg), and hypercapnia (> 45
mmHg), mortality rates were 35.9%, 58.2%, and 57.1%,
respectively (chi-square p = 0.003); however, Kaplan-
Meier analysis demonstrated no significant survival
difference across these groups (log-rank p = 0.223).
PaCO, was not an independent mortality predictor.

PaO, did not differ significantly between survivors
and non-survivors (87.7 + 49.6 vs. 82.0 + 55.0 mmHg;
p = 0.402). No independent prognostic association be-
tween PaO, and 28-day mortality was identified.

The results of the univariable and multivariable lo-
gistic regression analyses are presented in Table 6. In
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univariable analysis, admission arterial blood gas pa-
rameters, including pH (p = 0.335), HCO;™ (p = 0.286),
PaCO; (p = 0.128), and PaO, (p = 0.440), were not sig-
nificantly associated with 28-day mortality. In contrast,
established severity scoring systems demonstrated
significant prognostic associations with mortality, in-
cluding SAPS II (p < 0.001), APACHE II (p < 0.001),
and APACHE IV (p < 0.001). In the multivariable lo-
gistic regression model adjusted for SAPS II, none of
the arterial blood gas parameters remained indepen-
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dently associated with 28-day mortality, including pH
(p=0.103), HCO;™ (p = 0.433), PaCO, (p = 0.276), and
PaO, (p =0.280). SAPS II remained the only independ-
ent predictor of mortality in the adjusted model (p <
0.001). The final multivariable model demonstrated ac-
ceptable prognostic performance, with a Nagelkerke R?
value of 0.265 and an overall classification accuracy of
68.2%, further supporting the superior prognostic util-
ity of severity scoring systems compared with isolated
arterial blood gas parameters.

Table 6: Univariable and multivariable logistic regression analyses for predictors of 28-day mortality.

Variable Univariable analysis Multivariable analysis

OR p-value 95% ClI OR p-value 95% Cl
pH 0.484 0.335 0.111-2.111 0.250 0.103 0.047-1.319
HCO3~ 1.013 0.286 0.989-1.038 1.011 0.433 0.978-1.045
PaCo, 1.009 0.128 0.998-1.021 1.007 0.276 0.995-1.019
Pao, 0.998 0.440 0.992-1.003 0.997 0.280 0.992-1.003
SAPS I 1.069 <0.001 1.046-1.093 1.070 <0.001 1.046-1.095
APACHE Il 1.075 <0.001 1.040-1.112 — — —
APACHE IV 1.037 <0.001 1.021-1.053 — — —
SAPS = Simplified Acute Physiology Score; APACHE = Acute Physiology and Chronic Health Evaluation.
H DISCUSSION similarly identified SAPS II superiority over APACHE

This prospective cohort study of 242 critically ill inter-
nal medicine patients admitted from the ED to the ICU
demonstrates two principal findings. First, multidi-
mensional severity scoring systems—especially SAPS
II—significantly outperform individual ABG param-
eters in discriminating 28-day mortality, supporting
the primacy of integrated physiologic assessment over
isolated metabolic variables in this setting. Second,
none of the pretreatment ABG parameters examined
(pH, PaCO,, PaO,, HCO;X) functioned as independ-
ent mortality predictors, despite the high physiologic
plausibility of such associations. These findings have
important implications for how early prognostic in-
formation should be interpreted and communicated in
emergency and critical care medicine.

The superior discriminatory performance of SAPS
IT (AUC = 0.720) over APACHE II (AUC = 0.661) and
APACHE IV (AUC = 0.653) in this study is consistent
with several contemporary comparative analyses. SAPS
IT was originally developed and validated across a large
multinational European-North American cohort,
demonstrating robust performance across diverse ICU
case mixes [12]. Its relative efficiency—requiring fewer
and simpler variables than APACHE IV—may render it
more practical for rapid bedside application in the ED
context, where resource constraints and time pressure
are inherent. Our findings align with Kellner et al., who

IT and IIT in cardiogenic shock complicating acute
myocardial infarction [13]. In contrast, Vasilevskis
et al,, in a large multicenter analysis, found APACHE
IV superior to SAPS II for ICU mortality, potentially
reflecting population-specific differences and the ad-
ditional predictors incorporated in APACHE IV [14].
The absence of a universally dominant scoring system
highlights the importance of population context and
the need for local validation.

The fundamental reason multidimensional scoring
systems outperform isolated biomarkers is conceptual:
they capture the cumulative physiologic burden of ill-
ness across multiple organ systems simultaneously,
integrating cardiovascular, neurological, respiratory,
renal, and metabolic parameters alongside age and co-
morbid conditions [15]. This composite representation
more accurately reflects the totality of physiologic in-
sult than any single variable can. Modern risk strati-
fication research in sepsis, acute respiratory distress
syndrome (ARDS), and acute kidney injury has con-
sistently demonstrated that outcome prediction im-
proves with integration of multiple variables, and that
single-biomarker approaches—whether metabolic,
inflammatory, or hemodynamic—have limited inde-
pendent discriminatory power [16, 17].

The absence of independent prognostic significance
for pH, PaCO,, PaO,, and HCO¥ in this study war-
rants careful interpretation and should not be conflat-
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ed with clinical unimportance. ABG analysis remains
indispensable for immediate physiologic assessment,
ventilatory management, acid-base correction, and ox-
ygen delivery optimization [18]. Rather, these findings
indicate that single-time-point ABG values, obtained
at ED presentation and prior to treatment initiation,
lack the independent discriminatory power to predict
28-day mortality across a heterogeneous critically ill
population.

Several mechanistic factors explain this limitation.
First, ABG values at ED presentation represent a sin-
gle snapshot in a highly dynamic physiologic process.
The trajectory of metabolic derangement—whether
improving or worsening—carries far more prognostic
information than the absolute value at any single time
point. Contemporary ICU literature has progressively
shifted toward dynamic prognostic markers, lactate
clearance being the most established example [19,
20]. A single lactate or pH measurement on admis-
sion reflects the physiologic state at that instant; serial
measurements capturing the response to resuscitation
provide substantially more prognostic information
[21]. Recent studies and scoping reviews have increas-
ingly focused on dynamic and continuously updated
ICU prediction models, emphasizing that longitudinal
physiologic trends may provide superior prognostic
discrimination compared with static admission meas-
urements alone (8, 9, 22].

Second, the critically ill population is characterized
by pathophysiologic heterogeneity. Severe acidemia
may reflect reversible, rapidly correctable conditions
(e.g., diabetic ketoacidosis with appropriate insulin
therapy, hyperchloremic acidosis from saline resuscita-
tion) as readily as it may reflect irreversible multi-or-
gan failure. Conversely, patients with preserved normal
ABG values—19.4% of our cohort—had a mortality
rate of 55.3%, exceeding the overall cohort average.
This counterintuitive observation illustrates that nor-
mal initial blood gas does not exclude critical illness se-
verity, particularly in patients with mixed or subclinical
presentations, those with advanced chronic comorbidi-
ties with blunted physiologic reserve, or those already
partially compensated on presentation. This finding
underscores the fundamental inadequacy of any sin-
gle parameter to capture prognosis in heterogeneous
populations.

Third, physiologic compensatory mechanisms con-

found the relationship between single ABG variables
and outcomes. pH, in particular, integrates both the
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primary disorder and the degree of compensation: a
patient with metabolic acidosis and an appropriate
respiratory alkalotic response may have a near-normal
pH despite significant tissue dysoxia, while another
patient with limited ventilatory reserve may manifest
a profoundly abnormal pH despite a less severe pri-
mary insult. These compensatory interactions render
single-variable interpretations unreliable as independ-
ent prognostic tools [23]. Our finding that normal pH
groups showed similar or higher mortality than certain
acidotic groups exemplifies this complexity.

Fourth, early resuscitative interventions initiated in
the ED—intravenous fluids, bicarbonate administra-
tion, supplemental oxygen, ventilatory support, vaso-
pressors—begin to alter ABG values within minutes
of assessment. The ABG obtained "pre-treatment” in
a busy ED is inevitably obtained at variable stages of
resuscitation, introducing systematic measurement
variability that degrades the signal-to-noise ratio of
any single value [24]. This timing variability is inherent
to the prospective observational design and cannot be
fully controlled without introducing artificial delays in
care.

The non-significance of pH as an independent mor-
tality predictor in this study is consistent with data from
other heterogeneous critical care populations. Minana
et al. found no association between admission arterial
pH and mortality in acute decompensated heart failure
[25], and Kaplan and Kellum similarly reported no sig-
nificant pH-based mortality discrimination in trauma
patients [26]. However, disease-specific studies have
yielded different conclusions: Afessa et al. observed pH
differences between survivors and non-survivors in a
COPD-specific cohort [27], and Burri et al. identified
pH as an independent predictor of 12-month mortal-
ity in patients presenting with acute dyspnea, though
not 30-day mortality [4]. These discordant findings
reinforce that the prognostic utility of pH is context-
dependent and population-specific, rather than uni-
versally applicable across the diverse internal medicine
ICU case mix.

The finding that HCOsX was not an independent
mortality predictor, despite a significant chi-square
across grouped categories, reflects the heterogene-
ity of conditions producing low bicarbonate. Severely
reduced HCOsX may reflect acute metabolic acidosis
from septic shock or lactic acidosis, or it may reflect
chronic respiratory alkalosis with compensatory bi-
carbonate wasting. It may also be elevated in the con-
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text of respiratory acidosis compensation, rendering
low values falsely reassuring or elevated values falsely
concerning depending on the underlying mechanism.
Surbatovic et al. reported that serum bicarbonate was
a weak mortality predictor (AUC = 0.640 in a surgical
ICU population), consistent with our findings, and that
it primarily reflected metabolic acidosis severity rather
than overall disease burden [28].

The observation that hypocapnic patients (PaCO,
< 35 mmHg) had lower cross-sectional mortality rates
than normo- or hypercapnic patients, yet did not
demonstrate significantly different survival curves on
Kaplan-Meier analysis, illustrates the perils of single-
time-point cross-sectional comparisons. Hypocapnia
may reflect compensatory hyperventilation in response
to metabolic acidosis or systemic hypoxemia—a physi-
ologically appropriate and potentially protective re-
sponse in the early stages of illness—and thus does
not carry the same prognostic weight as primary hy-
percapnia from respiratory failure [29]. Specific ICU
populations (post-cardiac arrest, community-acquired
pneumonia) have shown bidirectional associations
between PaCO, and mortality, further illustrating the
population-specificity of these relationships [30, 31].

It is important to contextualize these findings within
the modern conceptual framework of sepsis and critical
illness physiology. Elevated lactate and acid-base dis-
turbances are well-established markers of physiologic
stress and inadequate oxygen delivery; they are integral
to early warning systems and sepsis management bun-
dles [32, 33]. The Surviving Sepsis Campaign and mul-
tiple international guidelines emphasize lactate-guided
resuscitation as a cornerstone of early sepsis manage-
ment precisely because elevated lactate at presentation
identifies patients at risk who require early, aggressive
intervention [34]. However, the prognostic role of early
lactate—and by extension, acid-base parameters—is
primarily as a resuscitation target and early warning
signal, not as a definitive independent predictor of final
outcome. The absolute degree of initial derangement
does not necessarily determine outcome; the response
to treatment does [35]. This distinction between acute
metabolic derangement and the global burden of or-
gan dysfunction is critical and aligns precisely with our
finding that composite scoring systems, which encode
the depth of multi-organ dysfunction, outperform
point-in-time metabolic parameters.

These findings carry direct practical implications for
emergency and critical care clinicians. ABG analysis
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should not be abandoned or de-emphasized; it remains
irreplaceable for immediate clinical decisions regard-
ing ventilatory management, acid-base correction, ox-
ygen titration, and resuscitation monitoring. However,
clinicians should be cautious about using isolated ABG
values—particularly a single early pH or PaCO,—as
the primary basis for prognostic communication to
patients and families, or as the sole trigger for escala-
tion or withdrawal of care decisions. Such decisions de-
mand the richer context provided by multidimensional
severity assessment.

The practical superiority of SAPS II, with its lower
variable burden and rapid calculability (approximately
5 minutes at the bedside), makes it particularly well-
suited for the ED-ICU interface—an environment
where clinicians must rapidly synthesize complex in-
formation under time pressure. Deploying SAPS II
systematically at the point of ICU admission from the
ED could support triage decisions, communication of
prognosis to families, and allocation of high-intensity
monitoring resources. These applications should be
calibrated with the knowledge that SAPS II, even as the
best-performing system in our analysis, achieved only
moderate discrimination (AUC = 0.720), reinforcing
that no current scoring system alone provides sufficient
certainty for high-stakes individual clinical decisions.

This study's strengths include its prospective design,
minimum 28-day follow-up with active patient trac-
ing, and inclusion of a diverse internal medicine ICU
case mix that reflects the real-world heterogeneity of
ED-admitted critically ill patients. The simultaneous
comparison of three validated severity scoring systems
with multiple ABG parameters across a common pop-
ulation provides a direct and clinically relevant head-
to-head comparison.

Several important limitations must be acknowl-
edged. First, the single-center design conducted at
one academic institution may limit generalizability to
settings with different patient demographics, disease
epidemiology, and ICU practices. Second, the cohort
size (n = 242) is moderate, and while adequately pow-
ered for the primary analysis, subgroup analyses by
specific diagnostic category are limited by small cell
sizes. Third, the study was conducted between 2012
and 2013; the contemporary critical care landscape—
including the implementation of sepsis-3 definitions,
lung-protective ventilation protocols, and expanded
point-of-care diagnostics—may have evolved since
that period. However, the fundamental physiologic re-
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lationships examined are unlikely to have changed sub-
stantively. Fourth, serial ABG measurements were not
available, precluding assessment of dynamic changes
in acid-base parameters, which may carry greater
prognostic utility than single time-point values. Fifth,
this study specifically focused on conventional ABG-
derived physiologic variables commonly incorporated
into classical severity scoring systems. Lactate was in-
tentionally not included because it represents a distinct
metabolic biomarker with different pathophysiologic
and prognostic characteristics. Sixth, severity scores
were calculated based on ED data and early ICU val-
ues; the timing variability of score calculation relative
to treatment initiation may introduce measurement
heterogeneity. Finally, the study population excluded
surgical and trauma patients, limiting applicability to
these groups.

B CONCLUSION

In this prospective cohort study involving critically ill
internal medicine patients admitted to the ICU from
the emergency department, multidimensional severity
scoring systems—particularly SAPS II—demonstrated
significantly superior performance in predicting 28-
day mortality compared with individual arterial blood
gas (ABG) parameters. ABG components such as pH,
PaCO,, PaO,, and HCO:K provide rapid physiological
assessment during the initial evaluation of critically ill
patients and remain indispensable in acute intensive
care management. However, these parameters may
change substantially over short periods in response to
therapeutic interventions, ventilatory strategies, fluid
resuscitation, and the dynamic clinical course of criti-
cal illness.

Therefore, although arterial blood gas parameters
constitute central components of many prognostic
scoring systems, they may not adequately reflect the
true severity of critical illness or accurately predict
mortality risk when interpreted in isolation. The rap-
idly reversible or transiently deteriorating nature of
these variables may lead to underestimation or over-
estimation of disease severity in some patients, thereby
reducing the prognostic accuracy of mortality predic-
tion models. The observation of high mortality rates
even among patients with initially normal ABG values
further supports this concept.

Our findings suggest that risk stratification in pa-
tients requiring intensive care should not rely solely on
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instantaneous metabolic or gas exchange abnormali-
ties. Instead, multidimensional scoring systems incor-
porating physiological reserve, organ dysfunction,
chronic comorbidities, and overall systemic disease
burden provide more reliable prognostic information.
In particular, SAPS II and APACHE II demonstrated
stronger and more reproducible mortality discrimina-
tion within this heterogeneous critically ill population.

In conclusion, although arterial blood gas analysis re-
mains a cornerstone of acute critical care management,
it is insufficient as a standalone prognostic tool. Con-
sidering the dynamic nature of critical illness, future
studies should focus on developing dynamic prognos-
tic models integrating serial ABG measurements with
repeatedly recalculated disease severity scores over
time.
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