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A milky blood test

What is your diagnosis?
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A 51-year-old female patient, with a history of type 2 diabetes, is referred to the
emergency department for hyperglycemia > 40 mmol/L. She describes polyuria,
polydipsia, nausea and epigastric pain. She reports having undergone IVF in Egypt 3
weeks prior, for which she is taking oestrogen and corticosteroids.

Clinically, she has epigastric pain on palpation without guarding or rebound
tenderness. The rest of the clinical examination is normal.

Arterial blood gas analysis shows a metabolic acidosis with an increased anion gap.
Ketone bodies are at 3.1 mmol/L. Potassium levels are normal. A urine pregnancy
test is negative. A diagnosis of diabetic ketoacidosis (DKA) is made, and IV insulin
treatment is started. Blood is drawn but is described as unanalysable due to its
consistency (see Figure 1).
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Question 1: What is the most likely cause of this milky appearance?
a) Severe hyperglycaemia

b) Cryoglobulinemia

c) Raised lipase levels

d) Hypertriglyceridemia (HTG)

e) Severe leucocytosis

HTG is the most probable cause of milky blood due to an increase in triglyceride (TG)
transporters, mainly very low-density lipoproteins (VLDL). The resulting high lipid
content is the cause.

In the case of cryoglobulinemia, a sand-like appearance can be observed at the
bottom of the tube due to protein cryoprecipitation in the serum.[1]

Severe leucocytosis can have a macroscopic impact on the blood after centrifugation,
increasing the "buffy coat" (leucocyte-platelet layer) that lies between the plasma
layer and the red blood cells.[2]

Increased lipases and severe hyperglycaemia do not change the macroscopic
appearance of blood.

The lipid profile of our patient reveals extremely severe HTG at 164.7 mmol/L, which
corresponds to a value 7 times higher than the threshold for severe HTG.

Question 2: Which of these statements is correct regarding the analysis of milky serum
in the context of severe HTG?

a) May cause pseudohyponatremia

b) Decreases coagulation activity

c) May cause pseudohyponatremia

d) Results is falsely low haemoglobin levels

e) Results in falsely elevated serum amylase values

HTG can cause pseudohyponatremia as a result of the processing method for
measuring serum sodium. With the usual method, known as indirect potentiometry,
the proportion of plasma water is considered fixed and is not corrected in the
presence of excess solute (proteins or triglycerides). The problem is circumvented
with direct selective ion electrode methods used with blood gas analysers.

HTG can also result in falsely normal amylase values due to the presence of a
circulating inhibitor of serum amylase that interferes with the assay.[3] Glucose and
LDL cholesterol values can also be influenced, as well as other electrolytes.
Additionally, coagulation is altered by an increase in coagulation factors leading to
hypercoagulability.[4]

Repeated dilution and ultracentrifugation can help reduce these analytical errors.[5]
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For our patient, despite several attempts at dilution techniques and
ultracentrifugation, the HTG was so severe that laboratory analysis was impossible.

Question 3: Which of these treatments is the least appropriate for the acute
management of severe HTG?

a) Continuous IV insulin
b) Plasmapheresis

c) Fibrates

d) IV heparin

e) Low-fat diet

Continuous |V insulin is recommended in the context of HTG associated with
hyperglycaemia or diabetic ketoacidosis. Insulin acts at multiple levels in lipid
metabolism to limit the circulation of lipids (cholesterol, TG).[6,7] The various roles of
insulin are summarized in Figure 2.

Plasmapheresis is a recommended treatment in the context of acute pancreatitis and
is suggested in severe HTG where there is a risk of pancreatitis with associated
signs of severity.[8] However, several studies have not demonstrated a benefit on
mortality or length of hospital stay.[7] There is also little evidence regarding benefits
of plasmapheresis in cases of severe HTG without pancreatitis.

The introduction of fibrate treatment and a low-fat diet is recommended, but they will
not quickly lower TG levels. Their impact will be to maintain low levels in the medium-
to long-term.

IV heparin has shown beneficial effects on lowering TG levels. However, due to the
risk of rebound HTG and haemorrhagic risk regarding the during the acute phase,
this treatment is no longer recommended.[7]

In this case of extremely severe HTG, the difficulties primarily stemmed from not
having access to many laboratory results. After initiating IV insulin, we started
plasmapheresis to accelerate the decrease in TG levels to facilitate laboratory
analyses that would allow us to guide overall management, namely of the DKA. The
decision to perform plasmapheresis was also made to reduce the risk of
complications, notably pancreatitis.

Question 4: Among these possibilities, which can cause HTG?
a) Corticosteroid therapy

b) Pregnancy (or hormone therapy)

c) DKA

d) Immunosuppressants

e) All of the above
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Each of these factors may increase TG levels. Corticosteroid therapy stimulates
lipolysis, elevates plasma fatty acid concentration, and decreases peripheral TG
consumption by inhibiting lipoprotein lipase activity at the muscular level.[9]
Pregnancy causes an increase in plasma lipids to meet foetal needs. This occurs
during the third trimester, but TG levels rarely exceed 3 mmol/L.[10]

DKA is the most frequent cause of HTG. Insulin plays a central role in lipid
metabolism, which is impaired during DKA. Insulin resistance leads to increased
activity of apolipoprotein C, which has an inhibitory effect on lipoprotein lipase
activity, reducing the hydrolysis of plasma TG and increasing plasma TG
concentration and accumulation of VLDL in circulation.

Several immunosuppressants affect bile acid biosynthesis by modifying the activity of
certain lipoprotein receptors (LDL-R) or the expression of various apolipoproteins that
serve as cofactors in the transport of cholesterol and TG by lipoproteins.[11,12]

In our patient’s case, she presents several risk factors for developing HTG, including
corticosteroid therapy, hormone therapy, and DKA.

Question 5: Among these possibilities, which is the least appropriate for long-term
management of HTG?

a) Genetic analysis

b) Diet and weight loss

c) Fibrates

d) Strict monitoring and treatment of diabetes
e) Statins

Fibrates lowers TG levels in the long term. They activate receptors that regulate the
transcription of genes involved in the metabolism of TG-rich lipoproteins
(chylomicrons and VLDL) and HDL.[13] It should be noted that fibrates have not been
proven to reduce cardiovascular events.

Strict monitoring and treatment of diabetes, along with an appropriate diet and weight
loss, are essential in the long-term management of HTG.

Statin treatment does not have a direct effect on lowering TG levels. Statins inhibit
HMG-CoA reductase activity and thus the synthesis of intracellular cholesterol,
without impacting TG metabolism.[14] However, some high-intensity statins allow for
a 20-40% reduction of TG levels, which is why this treatment is often added in high-
risk patients.[15]

The investigation of a genetic component is not routine and is suggested only in
cases of HTG without an identified metabolic or drug-related cause.

Several studies have investigated high-dose Omega-3 for the treatment of HTG.
Despite conflicting results, it is currently recognized as a possible treatment and is
used on a case-by-case basis in the long-term management of HTG.[16,17]
Regarding our patient, there was rapid improvement after plasmapheresis and IV
insulin therapy. Fibrate treatment was introduced, and strict monitoring of her
diabetes was implemented. Three months after her discharge from the hospital, the
patient had a triglyceride level of 2.9 mmol/L.
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Discussion:

Triglycerides are composed of fatty acids and glycerol. They are formed from our diet
in the small intestine, as well as in the liver. They are primarily stored in adipose
tissue and muscles and are an important source of energy. However, elevated TG
levels, with or without increased LDL cholesterol, are a risk factor for complications
such as pancreatitis or cardiovascular diseases.

Normal TG levels in the blood are below 1.7 mmol/L. The severity of HTG and its
potential complications are assessed based on the circulating TG level.[18] HTG is
considered severe at a level > 5.6 mmol/L and very severe at a level > 11.2 mmol/L.
There are numerous causes of HTG that must be investigated to ensure optimal
management.[19] Primary causes such as familial HTG or lipoprotein lipase
deficiency are rare but should be considered in the absence of an identified
secondary cause.

Secondary causes are numerous, such as uncontrolled diabetes, metabolic
syndrome, hypothyroidism, or chronic kidney failure. Many medications, such as
corticosteroids, oral oestrogens, or thiazide diuretics, can lead to increased
triglyceride levels through various mechanisms. Each identified secondary cause
should be treated to reduce TG levels and avoid complications.

The most feared acute complication of HTG is pancreatitis. Severe HTG is the third
most common cause of pancreatitis after alcohol consumption and gallstones,
accounting for about 10% of pancreatitis cases.[20,21] About 15-20% of patients with
TG levels above 11.2 mmol/L will develop acute pancreatitis.

In this patient’s case, HTG was quickly identified. Additionally, the medical history
revealed several secondary causes. The main challenge encountered during the
initial phase was the lack of access to the patient’s laboratory results. This, along with
the need to prevent a complication such as pancreatitis, justified performing
plasmapheresis as quickly as possible.

Responses:
Question 1: d - Question 2: ¢ - Question 3: d - Question 4: e - Question 5: a
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Legends for Figure 2:
FA = Fatty acids // FFA = Free fatty acids // LPL = Lipoprotein lipase // VLDL = Very-low density lipoprotein // IDL
= Intermediate density lipoprotein // LDL = Low density lipoprotein // LRP = LDL-receptor related protein

This figure was created using shapes available in PowerPoint.
Reference for Figure 2: [22]
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