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ABSTRACT:

Pseudohypobicarbonatemia or factitious low serum bicarbonate level caused by an
interfering substance is rare. We describe a patient who presented with severe
Rec_f’i"ed: September 09, 2024 hypobicarbonatemia along with high anion gap. She also had profound hyperlipidemia. A
Revised: Qctober Ui 20 reanalysis of blood samples after lipid removal using the dilution method showed marked
AT b A improvement in the bicarbonate level. The light scattering effect of hyperlipidemia interfered

with the photometric analysis by the automatic analyzer of the laboratory causing this
*Corresponding Author: factitious phenomenon.
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Here we present a case where a patient had a very low serum bicarbonate level, but normal in
ABG. The discrepancy between the acidosis observed in the metabolic panel and the ABG was
due to the fact that high levels of lipids in the blood may disrupt the accurate measurement of
bicarbonate levels, leading to falsely low results.? Most laboratories measure bicarbonate
levels using either an enzymatic/spectrophotometric or an indirect ion-selective electrode
method, both of which can be affected by the light-scattering effect of hyperlipidemia.
However, the ABG analyzer uses a direct ion-selective electrode method, which isn't
susceptible to the errors associated with a photometric analyzer.

Understanding the impact of conditions like hypertriglyceridemia on electrolytes
measurement is crucial in clinical practice, helping to avoid unnecessary investigations and
interventions.

CASE REPORT:

A 44-year-old female, a known case of diabetes mellitus and dyslipidemia was admitted with
severe abdominal pain and vomiting for one day. On admission, the patient was tachycardic
(111 beats/min), normotensive and afebrile. Abdominal examination revealed epigastric
tenderness Grading 4. Laboratory investigations revealed elevated lipase (6558 U/L, normal

©Acute & Critical Care Physicians’ range 23-300 U/L). The patient’s blood sample is lipemic and her lipid panel showed a very

Foundation Bangladesh high triglyceride level (35890mg/dL). USG showed a swollen pancreas. She was diagnosed
with hypertriglyceridemia-induced acute pancreatitis. The bicarbonate level measured as
electrolytes (TCO,) was undetectable (<5mmol/L), but the bicarbonate (HCO,) levels on
arterial blood gases were normal at 23 mmol/L.

We treated her with intravenous normal saline at 125 - 250 mL/hour and intravenous insulin
at 0.2 units/kg/hour*’. However, her metabolic derangements were puzzling, since the TCO,
was undetectable on serum electrolytes, but the HCO, was normal on the blood gas
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analysis. In the absence of any apparent explanation for a
decrease in serum bicarbonate with a high anion gap, despite
extensive work-up, we doubted the validity of the laboratory
testing.

Our collaboration with laboratory scientists and extensive
literature search revealed that hypertriglyceridemia can affect
bicarbonate = measurement using the laboratory's
spectrophotometric analysis method by auto analyzer even
using the most upgraded machine, VITROS XT 7600.
Conditions like hypertriglyceridemia may cause a
light-scattering effect, leading to falsely low bicarbonate
readings which is also called pseudohypobicarbonatemia.

The patient's condition worsened, and she developed shock
and ARDS. As a result, she was transferred to the ICU and
placed on mechanical ventilation. A CT of the abdomen
revealed necrotizing pancreatitis. Plasma exchange was
initiated to lower her triglyceride levels. Additionally, she
developed acute kidney injury (AKI) with anuria and severe
metabolic acidosis, necessitating hemodialysis. Unfortunately,
the patient passed away seven days after being admitted to the
hospital.

DISCUSSION:

Three mechanisms are involved in lipemia interference when
analyzing blood samples: light scattering, volume displacement
effect, and lack of sample homogenization.>®

Light scattering by lipoproteins

Lipemia interferes with electrolyte measurements by causing
light scattering due to lipoproteins, particularly chylomicrons
and very low-density lipoprotein (VLDL). The interference in
spectrophotometric methods depends on the method used and
the wavelength at which absorbance is measured. As a result,
interference from lipemia may not be the same between
different analytical methods.”®

Volume displacement effect

This mechanism has a strong impact on the determination of
electrolytes. Most auto analyzers measure electrolytes
concentrations using indirect ion-selective electrodes. The
result is calculated based on the serum or plasma matrix
composition, which is 92% aqueous phase and 8% solid phase.
In samples with high-fat content, the aqueous phase decreases,
leading to an underestimation of constituents like electrolytes
distributed in this phase. This effect is referred to as the "volume
displacement effect”.*!!

Lack of sample homogenization

This effect is caused by the difference in density of particles in
serum or plasma samples. When centrifuged, chylomicrons
and VLDL will be found at the top of the tube due to their low
density, while the rest of the components will distribute based
on their polarity. Hydrophobic components will be in the lipid
phase at the top of the tube, while hydrophilic components will
be in the aqueous phase at the bottom of the tube. Analyzers
use sensors to ensure that the needle does not penetrate too
deeply into the tube to obtain a sample from the upper part of
the tube, as this could lead to a falsely decreased concentration
of hydrophobic electrolytes.>S
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Lipemia removal methods
Centrifugation methods

Serum/plasma centrifugation is the method of choice for
removing lipemia. Sample ultracentrifugation (100,000~
2,000,000xg) removes lipids effectively and facilitates analyte
determination.'>** However, large lipoproteins (chylomicrons)
can be separated in serum/plasma by high-speed
centrifugation (10,000-15,000xg).!*!> When lipemia is caused
by VLDL accumulation, the procedure is less effective. After
high-speed centrifugation, a lipid layer forms in the upper part,
and the infranatant is collected using a glass pipette with care
not to contaminate the sample with the lipid layer. Biochemical
quantities are measured in the infranatant. This method is not
appropriate for hydrophobic substances (hormones and drugs,
among others), since they would distribute across the lipid layer
and measurement in the infranatant would give falsely low
results.

Dilution or replacement methods

To reduce or eliminate the concentrations of an interferent in
serum or plasma, especially in lipophilic components that can
diffuse significantly in the lipid phase, the sample should be
diluted. This will reduce the interference from lipemia to below
the relevant limit but not excessively to keep the component
concentration within the limit of quantification. A useful
strategy to reduce interference in blood samples is to replace
plasma with an equal volume of isosmotic dilutant. However,
it's important to note that this method may lead to misleading
results due to possible cell loss during replacement.

At our hospital, we utilize the VITROS XT 7600 for biochemical
analysis. This system employs the latest microslide technology
and utilizes the spectrophotometric method for biochemical
analysis. It includes a spreading layer designed to remove
triglycerides from lipemic samples; however, in cases of highly
turbid samples, a viscosity error may occur. In severe
hypertriglyceridemia to ensure accurate reporting of
triglyceride and electrolyte levels, our lab technicians employ
the dilution method.

CONCLUSION:

The case demonstrates the importance of understanding a
laboratory error that occurs with certain analyzers. It
emphasizes the need for physicians to be aware that high
triglycerides can cause artificially low bicarbonate levels,
potentially leading to misdiagnosis and unnecessary treatment
with side effects. This factor should be considered when low
bicarbonate levels have no clear explanation and when there is
a difference between bicarbonate levels measured on
metabolic panels and those calculated by arterial blood gas
tests.
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