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Summary

OBJECTIVES: Analysis of acid-base status is crucial for diagnosing and treating underlying disor-
ders. There is a scarcity of data on causes of severe acidosis in emergency patients. The current
analysis aimed to evaluate the cause of severe acidaemia on admission to an emergency depart-
ment by using the physical-chemical approach as simplified by Story. Moreover, we evaluated the
outcome of patients with severe acidaemia on admission to the emergency department in terms of
hospitalisation, length of hospital stay, ICU admission and in-hospital mortality.

METHODS: The retrospective analysis included all adult patients presenting to the Emergency De-
partment of Kepler University Hospital Linz, Austria, with a pH <715 in venous blood gas between 1
July 2022 and 30 June 2024. Respiratory acidosis was defined as pCO, >45 mm Hg, while respi-
ratory alkalosis was defined as pCO, <35 mm Hg. Analysis of metabolic components was per-
formed using Story’s simplified approach.

RESULTS: The study included 79 patients with severe acidaemia (pH <7.15). Median pH was 7.08
(interquartile range [IQR]: 7.04-7.11) with a minimum of 6.78. The pCO, was 41 mm Hg / 5.47 kPa
(IQR: 33-78 mm Hg / 4.4-10.4 kPa) with a minimum of 13/1.73 and a maximum of 164/21.86. Me-
dian standard bicarbonate was 11 mmol/I (IQR: 8-17) with a minimum of 3.9. Median base excess
was -16.3 mmol/l (IQR: -21.85 - -5.75) with a minimum of -29.7. Median lactate was 3.6 mmol/I
(IQR: 1.8-8.8). Primary respiratory acidosis was present in 49% of patients, while 51% had primary
metabolic acidosis. 58% of patients with primary metabolic acidosis had a combination of strong
ion difference-associated and unmeasured-anion (UMA) acidosis. The main causes of UMA acido-
sis were lactic acidosis, diabetic ketoacidosis and uraemia.

CONCLUSION: Severe acidaemia is caused equally by primary respiratory and metabolic acidoses.
Combinations of different mechanisms leading to severe acidaemia are common and can potential-
ly mask therapeutically relevant acid-base disorders such as diabetic ketoacidosis.

Introduction

Acid-base disorders are common in acute care settings [1-3]. For example, respiratory acidosis is
common in patients with exacerbations of chronic obstructive pulmonary disease while metabolic
acidosis is often seen in conditions ranging from sepsis and severe acute or chronic kidney injury
to intoxication [4~7]. In most circumstances, the degree of acidosis is a measure of the severity of
the underlying disease: for example, lactic acidosis in sepsis is a predictor of adverse outcomes
[8]. Under certain conditions, blood gas analysis can be the first indicator of the underlying nature
of the patient’s presentation, such as in diabetic ketoacidosis or ethylene glycol poisoning [9, 101.
However, analysis of the metabolic acid-base status can be challenging due to combined disorders
resulting in net normal pH or base excess [11]. The physical-chemical approach to the analysis of
acid-base disorders, also known as Stewart's approach, allows a quantitative analysis of the meta-
bolic acid-base status [12]. Story proposed a simplified model of the physical-chemical approach
to analyse metabolic acid-base disorders [13].

Acidosis is a common finding in the emergency department with potentially severe underly-
ing causes as outlined above. Nevertheless, there is only little data available on the prevalence,
causes and prognosis of severe acidaemia in the emergency department. A recent retrospective
analysis focused on emergency patients presenting with a pH <6.9 over a 10-year-period [14].
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However, a detailed analysis of the underlying causes of the acid-base disorders was not provi-
ded. Another recent retrospective analysis focused on decompensated metabolic acidosis and as-
sociated sodium bicarbonate therapy [15]. Again, no details on the underlying causes were presen-
ted.

In the following analysis, we aimed to identify the causes of severe acidaemia in the emer-
gency department by structured analysis of the acid-base status, applying the physical-chemical
approach as simplified by Story. In addition, we evaluated the outcome of patients with severe
acidaemia on admission to the emergency department in terms of hospitalisation, length of hospi-
tal stay, ICU admission and in-hospital mortality.

Methods

The study was conducted at the Department of Emergency Medicine of Kepler University Hospital
in Linz, Austria. Kepler University Hospital Linz is the second largest hospital in Austria with ap-
prox. 1850 acute care beds. It is a tertiary care, university institution. The Emergency Department
is among the largest in Middle Europe, caring for a median of 272 patients per calendar day in
2024.

The retrospective analysis included all adult patients (i.e. aged =18 years) admitted to the
Emergency Department with an initial pH <715, as measured by a point-of-care acid-base analyser
(Radiometer ABL9O0 Plus), between 1 July 2022 and 30 June 2024.

The following parameters were extracted from the electronic patient record for all identified
patients: age, sex, need for intensive care as well as outcome in terms of hospitalisation, length of
hospital stay and in-hospital mortality. In addition, blood gas parameters (pH, pCO,, bicarbonate,
base excess, anion gap, glucose, sodium, potassium, chloride, calcium) and data from the central
laboratory (phosphate, magnesium, albumin, blood urea nitrogen, creatinine, C-reactive protein
and haematocrit) were collected. Vital signs, as taken in the Emergency Department, were also
used.

Acid-base analysis

For the analysis of patients’ acid-base status in this very specific study, we used the following ap-
proach in line with Story's simplified approach for applying the physical-chemical model. Patients
were considered to have respiratory acidosis if pCO, >45 mm Hg / 6.0 kPa in the initial blood gas
analysis, while pCO, <35 mm Hg / 4.67 kPa was considered respiratory alkalosis. Primary respira-
tory acidosis was defined as pCO, >45 mm Hg / 6.0 kPa with concomitant pH <7.35. Primary meta-
bolic acidosis was defined as an acidaemic pH with pCO, being low to normal (pCO, <45 mm Hg /
6.0 kPa). Metabolic acid-base status was analysed using Story's simplified approach: standard
base excess was used to quantify the net sum of the components influencing metabolic acid-base
status with a value in the range -3 to 3 mmol/l being considered normal. The influence of the elec-
trolytes, expressed as the strong ion difference (SID), was calculated as “[Na*] - [CI'] - 35" in
mmol/l. A value of =2 to 2 mmol/I was considered normal for this analysis. The effect of albumin,
the principal weak acid in plasma, was calculated as "0.25 x (42 — [Alb])". If these factors did not
fully explain base excess in patients, the presence of unmeasured anions (UMA) was taken into ac-
count. Causes for the presence of unmeasured anions identifiable in this study were ketoacidosis,
uraemia and lactic acidosis. Combinations of acid-base disorders, i.e. multiple concurrent acidoses
or combinations of acidosis and alkalosis, were considered present if indicated by subcalculations.
The algorithm for analysis of the acid-base status was developed by our group on the basis of
Story’s simplified approach and is given in figure 1.
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Figure 1: Algorithm for the analysis of acid-base status based on Story’s simplified approach.
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Statistical considerations

All statistical analyses were performed using JASP version 0.95.0 (JASP Team, University of Am-
sterdam, The Netherlands). Continuous variables were assessed for distributional characteristics
by visual inspection of histograms and Q-Q plots as well as by the Shapiro-Wilk test. Normally dis-
tributed continuous variables are presented as mean + standard deviation (SD), whereas non-nor-
mally distributed variables are presented as median with interquartile range (IQR). Categorical vari-
ables are reported as absolute counts and percentages.

Given the limited sample size and the exploratory nature of this study, no multivariable re-
gression modelling was performed. Outcome analyses were therefore descriptive and unadjusted.
Missing data was handled by complete-case analysis; no imputation was performed. The number
of available observations for each variable is reported where relevant.

All statistical tests were two-sided and a p-value <0.05 was considered statistically signifi-
cant. Due to the exploratory nature of the study, no correction for multiple testing was applied. The
study was not powered for hypothesis testing but aimed to provide a comprehensive descriptive
and analytical characterisation of severe acidaemia in emergency department patients.

Ethical approval

The study was approved by the local ethics committee, the Ethikkommission der Johannes Kepler
Universitat (Protocol number 1263/2024), and the need for individual patient consent was waived.

Open science statement

The study protocol is available from the study team on demand.

Al statement

We declare that artificial intelligence was not used in any form in the analysis of data or in the crea-
tion of this manuscript.
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Results

A total of 63,396 patients presented to the Emergency Department over the study period (1 July
2022 to 30 June 2024), of whom 79 met the inclusion criteria. No patient with a pH <715 on ve-
nous blood gas analysis was excluded. The median age of patients was 70 years (IQR: 59-82).
There was a sex imbalance, with 33 men (58%) and 33 women (42%). Six patients had a positive
shock index on admission to the Emergency Department. Seven patients had a mean arterial pres-
sure <65 mm Hg [16].

Acid-base status

Blood samples were taken from venous blood. The median pH was 7.08 (IQR: 7.04-7.11) with a mini-
mum of 6.78. The median pCO, was 41 mm Hg / 5.47 kPa (IQR: 33-78 mm Hg / 4.4-10.4 kPa) with
a minimum of 13 mm Hg / 1.73 kPa and a maximum of 164 mm Hg / 21.86 kPa. Median standard
bicarbonate was 11 mmol/l (IQR: 8-17 mmol/I) with a minimum of 3.9 mmol/I and a maximum of 30.1
mmol/l. The median standard base excess was -16.3 mmol/l (IQR: -21.85--5.75) with a minimum of
-29.7 mmol/l. Median lactate was 3.6 mmol/l (IQR: 1.8-8.8). Table 1 provides an overview of blood
gas analysis data.

Table 1: Blood gas parameters of the 79 patients with severe acidaemia on admission to the Emergency Department.

Parameter Median (IQR) Minimum Maximum
pH 7.08 (7.035-71) 6.78 715
pCO, (mm Hg / kPa) 41/5.48 (24.35-72.85 / 3.25-9.71) 9.3/1.24 145/19.33
Standard bicarbonate 11(8.05-17.1) 3.9 301
(mmol/l)

Sodium (mmol/l) 137 (134-141) 115 150
Chloride (mmol/l) 107 (101.5-112) 77 126
Strong ion difference (SID) |32 (28-36) 12 43
(mmol/l)

Anion gap (AG) (mmol/l)  |15.3 (8.95-23.65) 1.3 31.3
Albumin (g/1) 41(38.4-47.4) 15.2 53.8
Lactate (mmol/l) 3.6 (1.8-8.8) 0.4 28
Creatinine (mg/dl) 1.33 (0.87-3) 0.24 16.5

IQR: interquartile range

Approximately half of patients (49%; 39/79) had primary respiratory acidosis, defined as pCO, >45
mm Hg / 6.0 kPa. Of these, 9 (23%; 11% of all patients) had a normal standard base excess be-
tween -3 and 3 mmol/l and only 4 of them had a normal SID of -2 to 2. However, one patient had a
combination of lactic acidosis (5.6 mmol/l) and hypoalbuminaemic alkalosis ([Alb] = 15.2 g/I).

Of the 39 patients with respiratory acidosis, 24 (62%) had concomitant metabolic acidosis,
expressed by a standard base excess <—3 mmol/l, and 11 had SID-associated acidosis as ex-
pressed by “([Na*] - [CI"] - 35) <—2". Nearly all (22/24) had lactic acidosis.

Of the 39 patients with respiratory acidosis, 6 (15%) had concomitant metabolic alkalosis,
expressed by a standard base excess >3 mmol/l. This was explained by the SID in 3 patients; in
the remaining 3, hypoalbuminaemia must be suspected although no measured albumin levels were
available.

The remaining half of patients (51%; 40/79) had primary metabolic acidosis, expressed by a
normal or low pCO, (i.e. pCO, <45 mm Hg / 6.0 kPa). Of these 40 patients, 33 (83%) had concomi-
tant respiratory alkalosis (potentially as a compensation for metabolic acidosis).

Of the 40 patients with primary metabolic acidosis, 23 (58%) had a combination of SID-as-
sociated acidosis and UMA acidosis, 8 (20%) had SID acidosis only, 8 (20%) had UMA acidosis
only and 1 (2%) had a combination of SID acidosis and metabolic alkalosis caused by hypoalbumi-
naemia. Figure 2 presents causes of metabolic acidosis on admission to the Emergency Depart-
ment. The main causes of UMA acidosis were lactic acidosis in 22 patients (44%), diabetic ketoa-
cidosis in 12 (24%) and uraemia in 11 (22%).

Swiss Medical Weekly - www.smw.ch - published under the copyright license Attribution 4.0 International (CC BY 4.0) 4



ORIGINAL ARTICLE

Swiss Med Wkly. 2026;156:5135

Figure 2: Causes of severe metabolic acidosis at presentation to the Emergency Department. SID: strong ion difference; UMA:
unmeasured anions.
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The cause of UMA acidosis remained unexplained in 2 patients (4%). Figure 3 depicts the causes
of UMA acidosis in patients.

Figure 3: Identifiable causes of unmeasured anion acidosis at presentation to the Emergency Department.
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Clinical characteristics of patients

One patient with severe respiratory acidaemia was found to have a combined opioid and benzodia-
zepine intoxication. Acute renal failure was diagnosed in 26 cases. Diabetes mellitus type 1 was di-
agnosed in 11 patients while diabetes mellitus type 2 was either known or newly diagnosed in 24
patients.
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Outcome of patients with severe acidosis in the Emergency Department

Nearly all patients (96%; 76/79) were hospitalised while three were discharged: the diagnosis was
an epileptic seizure in one patient and two patients were discharged against medical advice. The
median length of stay of patients was 6 days (IQR: 1-14.5). Thirty patients (38%) were treated in
the intensive care unit with a median length of stay of 3.5 days (IQR: 1-9). Eighteen patients (23%)
died during hospitalisation, of whom 3 (17%) died in the intensive care unit. In 30 patients (38%),
the initial severe acidaemia was not mentioned or discussed in the final medical report.

Discussion

Summary of findings

In the present analysis of severe acidaemia on admission to the Emergency Department, we found
that half of the cases were caused by primary respiratory acidosis and the other half by metabolic
acidosis. Severe metabolic acidaemia was primarily caused by the effect of strong ion difference
or hyperchloraemic acidosis, followed by combined metabolic acidosis with unmeasured anions
playing a major role in the development of metabolic acidaemia. Major causes of unmeasured
anion acidaemia were lactic acidosis, diabetic ketoacidosis and uraemia. Only one patient had un-
measured anion acidaemia, which could not be further specified retrospectively.

Interpretation of findings

Our study gives a detailed analysis of the causes of severe acidaemia in patients presenting to the
Emergency Department. Recently a retrospective analysis from Israel investigated the prognosis of
patients with very severe acidaemia with a pH <6.9 [14]. However, there was no detailed analysis
of the causes of acidosis in this study. In the present study, only three patients presented with a pH
<6.9. Most other studies focused mainly on one specific cause of acidosis or were unspecific.
Overall, detailed data on causes and prognosis of severe acidaemia in emergency department pa-
tients is scarce and should be a focus of future research.

Strong ion difference-associated metabolic acidosis was quite common in our population.
The main cause of this observation was presence of renal insufficiency without uraemia.

By differentiating the causes of acidosis, this study also made another highly important find-
ing: combinations of acid-base disorders are common: 58% of our patients with primary metabolic
acidosis had combinations of metabolic acidoses. As was shown in patients with acute liver failure,
in whom the acidifying effect of lactic acid was neutralised by the alkalinising effect of hypoalbumi-
naemia resulting in net normal pH and base excess, a combination of metabolic acid-base disor-
ders can result in concealment of therapeutically relevant acid-base disorders [11]. This is crucial in
emergency medicine, where physicians encounter previously unknown and often unresponsive or
disorientated patients who may suffer from intoxications, ketoacidosis or uraemia. Blood gas analy-
sis provides an easily accessible and rapid method for diagnosing acid-base disorders. The physi-
cal-chemical approach — and especially the easy-to-use method proposed by Story that we adap-
ted into a diagnostic algorithm in the current analysis — might be of great help to the emergency
physician in meeting this challenge. Specific teaching sections and standard operating procedures
on how to analyse metabolic acid-base disorders could improve reliability and reproducibility of re-
sults. This could also result in earlier recognition of severe pathologies such as diabetic ketoacido-
sis or intoxications. However, further studies are needed to investigate this.

Concerning treatment of patients with severe acidaemia, the administration of sodium bicar-
bonate is often discussed. A relatively new study published in The Lancet randomised critically ill
patients with acidaemia and a pH <7.2 to receive either 4.2% sodium bicarbonate or no sodium bi-
carbonate [17]; it found no effect on the primary composite outcome of death from any cause by
day 28 and the presence of at least one organ failure at day 7. A more recent, larger but retrospec-
tive analysis in Australian intensive care units with a pH <7.3 showed a slight mortality reduction
with sodium bicarbonate administration [18]. Overall, studies are conflicting with higher quality da-
ta indicating no effect of sodium bicarbonate administration, at least in the groups studied [19].
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The physical-chemical (Stewart's) approach

The physical-chemical approach, or Story's simplified approach as used in the current analysis,
represents an alternative model in the analysis of metabolic acid-base status and consequent dis-
orders [13]. In general, the model could be seen as an alternative to rather than an improvement
over the traditional model using the anion gap. However, the physical-chemical approach allows
for a structured and quantifiable step-by-step analysis of metabolic acid-base disorders.

A representative patient vignette

A 28-year-old woman presented to the emergency department with a history of nausea and non-
bloody emesis for two days. She reports not ingesting liquids or solid food for the past 24 hours.
The results of the venous blood gas analysis are given in table 2.

Table 2: Patient vignette. Results of venous blood gas analysis.

Parameter Result
pH 7164
pCO, (mm Hg / kPa) 28/3.7
Standard bicarbonate (mmol/l) 9.7
Base excess (mmol/l) -17.9
Sodium (mmol/I) 137
Chloride (mmol/1) 107
Albumin (g/1) 4
Lactate (mmol/l) 1.3
Creatinine (mg/dl / umol/l) 1.6/M4

Firstly, the impact of electrolytes as quantified by the strong ion difference is calculated:

[Na*]-[CI']-35;i.e.137-107-35=-5

Thus, the strong ion difference explains a total of =5 mmol/l of the base excess of -17.9
mmol/l. Another —12.9 mmol/I remain unexplained.

Secondly, the influence of albumin, a weak acid, needs to be determined:

(42-[AIb]) / 4;i.e. (42-41) /4 =0.25

Consequently, the influence of albumin on base excess is +0.25 mmol/Il.

This means that the negative base excess is still unexplained, which indicates metabolic
acidosis due to unmeasured anions. In the present case, lactate in the venous blood gas is 1.3 and
thus does not explain the remaining —12.9 mmol/I sufficiently. Uraemia appears highly unlikely with
a current creatinine level of 1.6 mg/dl / 114 umol/l and no history of kidney disease. However, ke-
toacidosis is a possibility given the history of the presenting complaint: severe nausea and vomit-
ing as well as no intake of fluids or solid food. A urine dipstick test was highly positive for the pres-
ence of ketone bodies. Therefore, the blood gas analysis of the patient can be classified as meta-
bolic acidaemia caused by (a) ketoacidosis due to starvation (~ =12 mmol/l) and (b) hyperchlorae-
mic acidosis (-5 mmol/l). Of note, the patient's blood gas analysis normalised after hydration with
5% dextrose.

Limitations

This study has several limitations that should be considered when interpreting the results. The ret-
rospective, single-centre design inherently limits causal inference and is prone to selection and in-
formation bias. Only patients in whom blood gas analysis was performed and documented in the
electronic medical record were eligible for inclusion. Consequently, patients with severe acidaemia
who did not undergo immediate blood gas analysis may have been missed, potentially leading to
an underestimation of the true incidence of severe acidaemia in the emergency department. The
sample size was relatively small, reflecting the rarity of severe acidaemia defined by an initial pH
<715. While sufficient for a detailed descriptive and mechanistic analysis of acid-base disorders,
the study was underpowered for robust outcome analyses. All blood gas analyses were performed
on venous blood samples. Although venous blood gases are commonly used in emergency medi-
cine and correlate reasonably well with arterial values for pH and bicarbonate, systematic differen-
ces exist, particularly for pCO,. However, it should be noted that the differences with respect to
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analysis of metabolic acid-base status are clinically negligible. Laboratory data was incomplete in
some patients, most notably albumin concentrations. In these cases, hypoalbuminaemic alkalosis
was inferred rather than directly quantified, which may have led to misclassification or underesti-
mation of mixed acid-base disorders. Similarly, unmeasured-anion acidosis could not be definitive-
ly explained in a small number of patients due to missing or incomplete diagnostic information. No
data on urine parameters was analysed in the present study. Finally, the generalisability of the find-
ings may be limited. The study was conducted at a large tertiary care university hospital with a
high proportion of critically ill patients, which may not reflect the patient population or case mix of
smaller or non-academic emergency departments.

Despite these limitations, the study provides a detailed and clinically relevant analysis of the
causes and complexity of severe acidaemia in emergency department patients, highlighting the
frequent presence of mixed acid-base disorders and the potential value of a structured physical-
chemical approach in acute care settings.

Conclusions

In conclusion, respiratory and metabolic acidoses were found to be equally common as the cause
of severe acidosis in patients admitted to the Emergency Department. The most common causes
of metabolic acidosis were hyperchloraemic acidosis and unmeasured anions. Lactic acidosis, dia-
betic ketoacidosis and uraemia were the almost exclusive causes of unmeasured-anion acidosis.
Of note, combinations of metabolic acid-base disorders were frequently observed in this group.
These findings should raise awareness about not missing therapeutically relevant acid-base disor-
ders in patients admitted to the emergency department.
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