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Summary

Lactation ketosis is a recognised disorder in postpartum lactating cows where a negative energy balance develops because the energy
demands of milk production exceed the energy capacity of the animal. Rarely, nursing women can develop problems with lactation ketosis
when their glycogen stores are depleted, causing the body to turn to gluconeogenesis as an energy substrate for galactopoiesis. The authars
describe the case of a breastfeeding woman admitted to hospital and made nil per os (NPO) to treat a bowel obstruction. She did not
receive intravenous glucose and 3 days postadmission developed a dangerous starvation ketosis (venous pH of 6.64). She was treated with
intravenous dextrose, bicarbonate as well as cessation of breastfeeding and recovered quickly. Only four previous reports describe human
lactation ketosis and this is the first iatrogenic case reported to our knowledge. It highlights the importance of addressing the unique caloric

requirements of nursing women, especially when they are kept NPO.

BACKGROUND

To our knowledge, this is the first case of iatrogenically
caused lactation ketoacidosis in the medical literature.
There have been four other case reports of human lacta-
tion ketoacidosis, but each of these was associated with
different physiological stressors. We feel that this case
report is relevant as it identifies important nutritional and
physiological differences in the care of postpartum lactat-
ing women that can sometimes be overlooked as we infre-
quently encounter this patient population on non-obstetric
hospital wards.

CASE PRESENTATION

A 35-year-old postpartum woman presented to the emer-
gency department with an 18 h history of nausea, vomiting
and intermittent generalised abdominal pain. Her medical
history included endometriosis, Crohn’s disease, caesarian
section and multiple previous small bowel obstructions.
She had no history of diabetes. The patient was diagnosed
with a recurrent small bowel obstruction and was admit-
ted to hospital under the general surgery service. Of note,
she had been nursing her 3-week-old infant when she pre-
sented to medical attention and continued to do so while
in hospital.

The bowel obstruction (believed to be due to adhesions)
was managed conservatively by keeping the patient NPO
(nil per os) and administering maintenance intravenous
normal saline with potassium replacement.

On the third day of admission, the patient’s symptoms
had improved and the decision was made to advance her
diet to clear fluids. The same morning, bloodwork showed
a calculated HCO,~ of 7 and a venous pH of 6.64. A sub-
sequent arterial blood gas revealed a pH of 7.15, a PCO, of
18 and HCO,~ of 4.

The patient was reassessed at this time. She reported
two episodes of diarrhoea since the previous evening and
stated that she felt well other than symptoms of mild
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shortness of breath. She had continued to breastfeed her
infant since coming to hospital and had just started the
newly ordered clear fluid diet after not having eaten for
a total of 4 days. She denied chest pain, light-headedness,
abdominal pain, nausea, vomiting and the use of alcohol
or new medications. Her blood pressure was 122/72, tem-
perature was 36.7°C, heart rate was 95, respiratory rate
was 24 and she had an O, saturation of 97% on room air.
Head and neck, cardiovascular and abdominal examina-
tions were normal. Her respiratory examination revealed
tachypnea and five to six word dyspnoea.

INVESTIGATIONS

The patient’s repeat bloodwork at this time is summarised
in table 1. Analysis of these values revealed that the dif-
ference between the change in the anion gap from normal
corrected for albumin (20-9) and the change in bicarbo-
nate concentration from normal (24-4) (the so-called &
gap) was 9, indicating a mixed anion gap metabolic aci-
dosis (AGMA) and a normal anion gap metabolic acidosis

Table 1 Patient’s laboratory values on the morning of the third
day of admission.

Na* 135 mmol/l
K+ 4.5 mmol/l
Cl- 111 mmol/l
Creatinine 84 umol/I
Albumin 329/

Blood glucose 6.3 mmol/l
Lactate <1.0 mmol/l
Salicylate <1.0 mmol/I
B-hydroxybutarate 9.27 mmol/I
Arterial pH 7.15

Arterial PCO, 13

Arterial HCO,~ 4

Anion gap 20
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Figure 1 Timeline of patient’s course in hospital. The patient’s pH improved quickly with the cessation of breastfeeding and continued to
normalise with the administration of intravenous bicarbonate and dextrose.

(NAGMA). Calculations also revealed appropriate respi-
ratory compensation for the observed metabolic acidosis
(expected PaCO, by Winter’s formula=14 +/-2; measured
PaCO,=13). We concluded that the patient was in a state
of starvation ketoacidosis (B-hydroxybutarate level 9.27
mmol/l) exacerbated by the metabolic demands of lacta-
tion and possible residual insulin resistance of pregnancy
(AGMA). In addition, a component of bicarbonate loss due
to diarrhea as well as third spacing of bicarbonate result-
ing from decreased intestinal motility was thought to be
present (NAGMA).

DIFFERENTIAL DIAGNOSIS

The differential diagnosis of an AGMA includes:

» lactic acidosis

» ketoacidosis (diabetic, alcoholic, starvation)

» renal failure

» ingestions (salicylate, ethylene glycol, methanol, paral-
dehyde, metformin, isoniazid)

The differential diagnosis of a NAGMA includes:
diarrhoea

renal tubular acidosis
pancreatic fistula, enteric diversion of urine
hyperalimentation

volume expansion with normal saline
acetazolamide use

vVvyYVvYyvVYyYYyvyy

TREATMENT

As a result of the profound acidaemia, the patient was
transferred to the step-down unit on the same day (pos-
tadmission day 3). She stopped breastfeeding at this time
and was treated with 150 mmol of sodium bicarbonate
in 500 ml of D5W. Her intravenous fluids were subse-
quently switched from normal saline at 150 ml/h to 2/3
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1/3 dextrose normal saline at 150 ml/h. Another dose of 50
mmol of sodium bicarbonate was later given.

OUTCOME AND FOLLOW-UP

Over the next 24 h, the patient’s tachypnea improved and
her blood gases started to normalise. After 48 h of treat-
ment, her arterial blood gas showed a pH of 7.40, PaCO,
0f 33 and HCO,™ of 20. She remained in hospital for 2 addi-
tional days, tolerated a regular diet and was subsequently
discharged home (see figure 1 for a complete timeline).

DISCUSSION

Ketoacidosis is a type of anion gap metabolic acidosis. It
is seen in diabetic ketoacidosis, alcoholic ketoacidosis and
starvation ketoacidosis.!

The metabolic acidosis seen in starvation ketoacido-
sis is a result of decreased insulin secretion leading to
the mobilisation of free fatty acids, causing their incom-
plete oxidation and the accumulation of acetoacetate and
B-hydroxybutyrate. The acidosis develops when glycogen
stores are depleted and it is usually mild.? More severe
cases of starvation ketosis have been reported when a
concomitant physiologic stressor exists, but it is uncom-
mon for starvation ketosis to result in significant acidosis
because of the presence of insulin.* In pregnancy, however,
there can be a more severe response to ketosis due to the
insulin resistance caused by placental hormones.

Lactation ketosis is a recognised disorder in lactating
cows that appears postpartum and is well described in the
veterinary medicine literature. In this condition, there is a
negative energy balance where the energy requirements of
milk production exceed the energy capacity of the animal.
This condition is called bovine ketosis and is common in
ruminants because they rely almost exclusively on hepatic
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gluconeogenesis as a glucose source for milk production.’
In the postpartum period, the rate of hepatic gluconeo-
genesis in these animals doubles to meet the demands of
lactation; however, there is no increase in dietary glucose
supply. This energy imbalance is exacerbated in high-yield
dairy cows.

Lactating women, too, rely almost exclusively on glu-
coneogenesis as an energy substrate for milk production
when they have been fasting for >42 h since hepatic glyco-
gen stores are essentially depleted at this time. As a result,
fasting lactating women are at risk to develop a more pro-
found metabolic acidosis than their fasting non-lactating
counterparts when their caloric needs are not met.

We believe that our patient’s presentation parallels
the case of lactation ketosis in cows. Specifically, the
metabolic demands of lactation likely overwhelmed our
patient’s glucose stores because she had been kept NPO
without intravenous glucose replacement for more than 2
days. As previously described, the body is normally well
equipped to deal with short-term fasting.? In this particu-
lar scenario, however, the fact that our patient continued
to breastfeed became the stressor that tipped the energy
balance. Moreover, these metabolic derangements could
have been exacerbated by residual insulin resistance of
pregnancy.

We chose to treat our patient’s severe metabolic acidosis
with sodium bicarbonate. Significant clinical debate exists
as to whether or not this therapy should ever be given to
patients with anion-gap metabolic acidosis. In fact, bicar-
bonate administration is not generally recommended in
these patients because it may result in worsened intracel-
lular and cerebral acidosis, and because there may be pro-
tective effects on some organs conferred by the acidosis.”
On the other hand, profound acidosis is associated with
decreased myocardial contractility, and patients who suf-
fer cardiac arrest with this level of acidosis are extremely
difficult to resuscitate. There is no research on patients
with a pH in the range of our patient’s. We opted to treat
this patient with bicarbonate given the severity of her aci-
dosis and her tachypnoea, but the wisdom of that choice is
open to interpretation.

To our knowledge, there have been four cases of human
lactation ketoacidosis reported in the medical literature. &1
In all these cases, a physiological stressor existed that
pushed each lactating patient into an unexpectedly serious
acidosis (three women were dieting while breastfeeding
and the other was breastfeeding twins).

Our report differs from each of these cases for a number
of reasons. To begin, all other patients described presented
to emergency departments with dyspnoea, whereas our
patient’s acidosis was discovered on routine bloodwork in
hospital. Furthermore, this case is unique as it describes
iatrogenic lactation ketoacidosis. It was caused by the deci-
sion to treat a lactating patient’s bowel obstruction with
complete bowel rest and a failure to provide intravenous
glucose supplementation during this time.

Previous case reports of lactation ketoacidosis have
made recommendations about the importance of avoiding
dieting while breastfeeding. To our knowledge, no recom-
mendations have been made about the specific care that
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lactating women require when NPO diets are ordered in
hospital.

This case illustrates the importance of ensuring that
intravenous glucose is provided to all patients requiring
bowel rest. Furthermore, it highlights the need to consider
the special nutritional demands of lactating women as this
patient population has the potential to rapidly develop pro-
found starvation ketosis — a phenomenon we rarely think
about in the average patient that is kept NPO.

Although lactation ketoacidosis is an uncommon diag-
nosis to make, it should be considered and treated early to
prevent potentially significant morbidity and mortality in
an otherwise young and healthy patient population.

Learning points

» Lactation ketoacidosis is a potentially dangerous form
of starvation ketosis seen in postpartum lactating
women where the metabolic demands of breastfeeding
cause a profound metabolic acidosis in the context of
nutritional deficits and residual insulin resistance of
pregnancy.

» Fasting lactating women are at a greater risk to
develop a profound metabolic acidosis than their
fasting non-lactating counterparts when their caloric
needs are not met.

» Lactating women have increased caloric demands that
should be addressed when the decision is made to
keep them NPO for medical reasons.
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