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Acidotic Hypercapnia: A Case Series of Acidosis Driven
Respiratory Muscle Dysfunction
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Abstract

Established indications for non-invasive ventilation (NIV) include
acute or acute-on-chronic type 2 respiratory failure associated with
acidosis. It is commonly assumed that this acidosis is a secondary
phenomenon which follows the development of acute hypercapnia.
This case series describes four patients with acidotic hypercapnia
(type 2 respiratory failure secondary to metabolic acidosis) dem-
onstrated through serial arterial blood gases who were successfully
treated with NIV. Acidotic hypercapnia is a relatively common under-
recognized subtype of respiratory failure for which further trials are
required to establish the role of NIV.
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Introduction

There is now a substantial evidence base demonstrating the
efficacy of non-invasive ventilation (NIV) in patients who
develop hypercapnic respiratory failure associated with aci-
dosis, predominantly in those with chronic obstructive pulmo-
nary disease (COPD) [1, 2]. However, there is a paucity of
information about 1) whether the hypercapnia caused a res-
piratory acidosis (hypercapnic acidosis) as classically occurs
with COPD; 2) whether metabolic acidosis led to hypercapnia
(acidotic hypercapnia); and 3) whether the management of pa-
tients with acidotic hypercapnia should differ from those with
hypercapnic acidosis. This distinction between hypercapnic
acidosis and acidotic hypercapnia is possible through a time
series of arterial blood gas (ABG) measurements. This case
series describes four patients with acidotic hypercapnia who
were treated successfully using ward-based NIV within our
11-bedded NIV unit.
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Case Reports
Case 1

A 64-year-old housewife with type 2 diabetes mellitus (on
metformin) and a background ventilatory insufficiency due to
COPD (FEV, 1.19 L (61% predicted)) was admitted with right
upper lobe pneumonia and a non-ST-elevation myocardial
infarction (NSTEMI). Initial ABG demonstrated a metabolic
acidosis (FiO, 28%: pH 7.336, PaCO, 5.56, PaO, 11.2, HCO,
20.8, lactate 1.4) (Fig. 1). Despite standardized treatment for
her pneumonia and NSTEMI, a repeat ABG revealed worsen-
ing metabolic acidosis with onset of hypercapnia (FiO, 24%:
pH 7.293, PaCO, 6.39, PaO, 16.2, HCO, 20.8, lactate 1.5).
The following day, NIV was commenced due to further dete-
rioration (FiO, 24%: pH 7.143, PaCO, 11.8, Pa0O, 8.76, HCO,
22.8, lactate 2.7) and dyspnea. The patient was successfully
weaned the following day (FiO, 21%: pH 7.462, PaCO, 5.7,
PaO, 7.91, HCO, 29.8, lactate 0.9). This patient did not re-
quired further hospital admission in the following 2 years.

Case 2

A 75-year-old retired male motor industry worker with moder-
ate COPD (FEV, 1.29 L (57% predicted)) was admitted with
breathlessness secondary to congestive cardiac failure (known
left ventricular ejection fraction 15%). Applying the Hender-
son-Hasselbalch equation to his ABG (pH 7.06, PaCO, 12.0,
Pa0O, 8.55, HCO, 17.9), for his PaCO, value, a bicarbonate
of 24.6 mmol/L was expected, not 17.9 mmol/L, confirming a
picture of metabolic acidosis [3] (Fig. 2). After receiving NIV,
his acidotic hypercapnia completely resolved within 24 h (pH
7.43,PaCO, 5.10, PaO, 8.11, HCO, 25.4). The speed of recov-
ery was suggestive of transient respiratory muscle/drive im-
pairment in comparison to that seen with hypercapnic acidosis
in COPD. Again, he had no further respiratory admissions in
the succeeding year.

Case 3

A 78-year-old retired female car factory worker with severe
COPD (FEV, = 0.75 L (43% predicted)) was admitted with
shortness of breath, productive cough and pyrexia. Initial
ABG revealed a metabolic acidosis (FiO, 0.5 L: pH 7.30,
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Figure 1. Serial ABGs for case 1.

PaCO, 6.06, PaO, 8.73, HCO, 20.8) and she was treated for
an acute exacerbation of COPD (AECOPD) with antibiotics,
steroids and oxygen (Fig. 3). Despite an initial response to
therapy, serial ABGs demonstrated progressing hypercapnia
(FiO, 4 L: pH 7.066, PaCO, 12.3, PaO, 8.52, HCO, 18.2)
for which the patient was commenced on NIV and transferred
to HDU in view of respiratory fatigue. The patient, however,
responded well to NIV with complete reversal of her acidotic
hypercapnia (FiO,: 21%: pH 7.458, PaCO, 6.12, PaO, 7.48,
HCO, 31.1).

Case 4

A 60-year-old housewife with background ventilatory insuffi-

ciency secondary to a BMI 41.9 kg/m? and a history of chronic
kidney disease was admitted with drowsiness, confusion and
agitation. Having recently been diagnosed with mumps, she
was initially covered with intravenous acyclovir as well as
clarithromycin and benzylpenicillin. ABG on admission dem-
onstrated a mixed respiratory and metabolic acidosis due to
a combination of undiagnosed obstructive sleep apnea (OSA)
and non-steroidal anti-inflammatory drug (NSAID) induced
acute-on-chronic renal failure (pH 7.224, PaCO, 5.93, PaO,
11.5, HCO, 17.2) (Fig. 4). Serial ABG measurements dem-
onstrated a worsening hypercapnia for which NIV was com-
menced (pH 7.26, PaCO, 8.0, PaO, 10.3, HCO, 23.6) achiev-
ing a rapid reversal (pH 7.464, PaCO, 4.75, PaO, 9.43, HCO,
21.8). In-patient sleep studies confirmed severe OSA with an
apnea/hypopnea index 120.8/h; nocturnal CPAP was com-

30 7.5
25 - 74
- 7.3

? //

- 7.2 —¢=HCO3

o

=g CO2
=~ pH

6.8

ABG on initiation NIV

ABG post NIV

Figure 2. Serial ABGs for case 2.
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Figure 3. Serial ABGs for case 3.

menced prior to discharge.

Discussion

This case series describes four patients with varying degrees
of ventilatory insufficiency who received NIV to treat acidotic
hypercapnia. ABG time series in cases 1, 3 and 4 demonstrate
a rising PaCO, following the onset of a metabolic acidosis
whilst case 2 exhibits inappropriately low bicarbonate for a di-
agnosis of respiratory acidosis, again suggesting that metabol-
ic acidosis preceded the onset of hypercapnia. In all four cases,
the acidotic hypercapnia was reversed completely following
initiation of NIV alongside optimal medical management with

fluid resuscitation and the treatment of sepsis. These patients
all remained well following discharge which arguably differs
from the natural course of patients with COPD requiring NIV,
who typically necessitate repeated hospital admissions.

At present, respiratory failure is widely categorized as
either type 1 (hypoxemia) or type 2 (hypoxemia with an as-
sociated hypercapnia). Previous prospective randomized tri-
als demonstrating the efficacy of NIV in patients with type 2
respiratory failure secondary to an AECOPD, used the pH as
the primary indicator of the acuity of the respiratory failure
(without reference to the serum bicarbonate concentration) [1].
Therefore, patients with type 2 respiratory failure secondary to
metabolic acidosis, as described in this case series, were not
previously recognized as a subgroup.
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Figure 4. Serial ABGs for case 4.
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Metabolic acidosis is common in those with hepatic, renal
or cardiac dysfunction and is frequently observed in patients
admitted with acute medical problems (including AECOPD).
Patients with underlying respiratory disease may develop hy-
percapnia with a metabolic acidosis due to inadequate respira-
tory compensation following stimulation of peripheral chem-
oreceptors [3]. Acidosis is a recognized cause of muscular
dysfunction and may contribute to respiratory muscle fatigue
especially in patients with underlying respiratory pathology
[4]. Additionally, there is recognition of a similar causation of
respiratory failure in the critical care literature due to circula-
tory shock causing type 4 respiratory failure which resolves
when shock is corrected [5].

A recent UK audit demonstrated that patients with AE-
COPD are receiving NIV in the presence of mixed metabolic
and respiratory acidosis (although acidotic hypercapnia was
not described), and those with bicarbonate below 23 mmol/L
have a higher mortality than those with normal/high bicar-
bonate [6]. However, at present, there are insufficient data to
suggest whether and how long NIV should be used in these
circumstances.

Although further trials are required to decide what the best
treatment for this important subset of patients with acidotic
hypercapnia is, we would wish to emphasize the importance
of monitoring for hypercapnia in patients admitted with a
metabolic acidosis, particularly in the presence of background
ventilatory insufficiency. Equally, we would wish to underline
the importance of the fluid/sepsis management in those admit-
ted acutely for NIV with hypercapnia and acidosis. Further
research about the etiopathogenesis of acidotic hypercapnia
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would further guide the medical management of this patient
cohort.
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