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Abstract

Hydroxocobalamin is used to treat patients with symptomatic vitamin B12 deficiency. The British
National Formulary recommends initiating treatment with alternate-day intramuscular (i.m.)
administration of 1000 mcg hydroxocobalamin, maintaining this regimen until all symptoms have
resolved or no longer improve. A subset of patients with B12 deficiency requires high-frequency
i.m. supplementation to remain symptom-free, but the mechanism behind this need is clarification.
We describe a patient who showed maximum improvement in symptoms and exercise capacity
only with daily administration. Reducing the injection frequency worsened symptoms and
objectively decreased exercise capacity. More research is needed to elucidate why some patients
with symptomatic B12 deficiency require high frequency i.m. supplementation and to determine the
best individualized regimen for such individuals.

Introduction

Vitamin B12 (cobalamin, abbreviated B12) deficiency is common. Symptoms typically develop
gradually over several months or even years and overlap with many other common disorders [1].
Although the classic presentation of deficiency is megaloblastic anemia caused by autoimmune
pernicious anemia [2,3], the majority of B12-deficient individuals in Western countries present
with neurological or cognitive symptoms rather than anemia or enlarged red blood cells [4]. These
complaints include neurocognitive symptoms such as 'brain fog’, memory problems, cognitive
impairment, insomnia, headaches (especially migraines), and learning difficulties. The most
prominent neurologic symptoms are peripheral tingling sensations ('pins and needles'’), numbness,
nerve pain, muscle weakness, poor balance, dizziness, and ringing in the ears. General symptoms
include fatigue, weight loss, diarrhea, symptoms related to other nutrient deficiencies, and
sometimes darkening of the skin [4].

Chronic inflammatory demyelinating polyneuropathy (CIDP) is a rare, immune-mediated
disorder in which an abnormal immune response causes damage to the protective covering of
nerves and to the nerve fibers themselves. The exact cause of CIDP remains unknown [5]. Patients
experience progressive weakness, impaired sensory function in the legs and arms, loss of deep
tendon reflexes, and general symptoms like fatigue. CIDP is a long-term condition with a variable
course that can be relapsing-remitting, stepwise progressive, or gradually progressive [5].

Guidelines from the European Federation of Neurological Societies/Peripheral Nerve Society
(EFNS/PNS) provide recommendations for CIDP treatments, aiming to reduce symptoms and,
if possible, maintain long-term remission [6]. Treatment with intravenous immunoglobulin
(IVIG) or corticosteroids is recommended for patients with moderate to severe disability. If
IVIG and corticosteroids are ineffective, plasma exchange should be considered. If the response
is inadequate or the required drug maintenance dose is high, combination treatments with either
immunosuppressants or immunomodulators should be considered [5,6]. However, due to lack of
evidence, there are no recommendations for long-term management.

We describe a 66-year-old man diagnosed with chronic inflammatory demyelinating
polyneuropathy (CIDP), whose symptoms worsened in parallel with vitamin B12 deficiency.

Case Presentation

A male patient in his 60s was initially diagnosed in his 40s with Guillain-Barré Syndrome, which
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caused paralysis from his neck down. His breathing was not affected.
He was treated with two series of 5-day IVIG courses that restored
most functionality, but at such a low level that he required clinical
rehabilitation for 8 months, followed by outpatient rehabilitation for
almost two years. During that period, he experienced several relapses
that were also treated with 5-day IVIG courses.

After a significant relapse, he was referred to a university hospital
for a second opinion. His diagnosis was changed to CIDP, later revised
to CIDP with acute onset. The Professor who performed the second
opinion stated that he found a mild polyneuropahty togehter with
clear axonal damage (EMG) but no signs of demyelinisation. In the
following years, CIDP was treated with IVIG, initially at three-week
intervals. Over time, the decline after infusion accelerated, resulting
in shorter intervals between infusions. Eventually, even two infusions
per week were inadequate to counter the decline, and this treatment
was discontinued.

The patient was then given azathioprine, but this had no effect.
He was again referred to the university hospital for another opinion.
He was initially treated with five days of plasma exchange, but
without effect. Subsequently, he started prednisolone treatment.
After an initial improvement lasting two to three weeks, there was
no further improvement in clinical symptoms, so the treatment was
discontinued after several months.

The patient then went through a moderate period during
which he felt very weak yet was diagnosed as being in remission. A
new episode of inpatient rehabilitation for 8 months, followed by
outpatient therapy for over a year, resulted in a slight functional
improvement. However, he again experienced substantial worsening
of his symptoms, especially muscle weakness.

His CIDP was presumed to be relapsing, and IVIG was restarted.
He began using a pedometer to objectively measure his exercise
capacity, and IVIG treatment clearly improved this (Figure 1, blue
line), but not to the level he had achieved in previous years.

Subsequently, laboratory tests revealed a vitamin B12 deficiency
in addition to his CIDP. The total serum BI12 concentration was
85 pmol/L (160-700 pmol/l), and methylmalonic acid was 390
nmol/L (<350 nmol/l), reflecting a functional B12 deficiency. He
had no anemia (Hb 14.5 g/dl, MCV 91 fl). The upper digestive tract
examination was not performed.

Because he regularly consumed animal products, it was concluded
that he had B12 malabsorption because his antibodies against
parietal cells were positive. He promptly started intramuscular (i.m.)
hydroxocobalamin injections of 1000 mcg, three times per week, in
addition to the weekly IVIG. This significantly improved his condition
(Figure 1, orange line). He used a pedometer to measure the time it
took him to cover a certain distance to objectively assess his exercise
capacity. The combination of weekly IVIG and B12 injections three
times per week enabled him to cover 2.6 km in 33 minutes on average.

Because he experienced that the effect of the B12 injections on his
clinical condition was rather short-lasting, he switched to daily B12
injections. This stabilized his condition throughout the week (Figure
1, grey line, startup phase) and, over the course of a couple of weeks,
even lessened the standard decline following IVIG (Figure 1, yellow
line, steady phase).

To determine whether it was necessary to continue this high
frequency of B12 injections, which is not supported by current

medical guidelines, he deliberately reduced the injection frequency to
three times weekly and even skipped injections for a whole week. This
immediately resulted in a considerable drop in his exercise capacity,
with a lap time of 41 minutes in the week without a B12 injection.
Furthermore, this also caused an increase in coordination disorders,
muscle tremors, and sensory impairment in the feet. After restarting
daily B12 injections, his exercise capacity gradually recovered.

Investigations

When his symptoms worsened despite IVIG treatment, routine
blood tests showed no specific abnormalities. Liver enzymes were
normal, as were kidney function and C-reactive protein. Serum
B12 concentration was 85 pmol/L, and methylmalonic acid was 390
nmol/L. Homocysteine was not measured. Thyroid function was
normal. Tests for antibodies against stomach lining cells, intrinsic
factor, and thyroid peroxidase were not performed.

Outcome and Follow-Up

Treatment with high-frequency im. hydroxocobalamin
injections together with IVIG administration resulted in a
considerable reduction of symptoms and improvement in exercise
capacity. During a trial of reducing and temporarily stopping high-
frequency B12 injections, the patient clearly experienced worsening
of symptoms and exercise capacity, which was completely reversed

after restarting daily B12 administration.
Discussion

Once BI12 deficiency due to B12 malabsorption has been
diagnosed, treatment consists of i.m. hydroxocobalamin injections,
which should be maintained for life [4]. Most guidelines suggest that
the initial loading is with 1000 mcg hydroxocobalamin injections
twice a week or on alternate days until all symptoms have resolved or
do not improve further. Subsequently, the frequency of the injections
is gradually reduced, and in most patients, the clinical improvement
and absence of complaints can be maintained with one injection of
1000 mcg every four weeks to two months.

In The Netherlands, drug therapy guidelines recommend
administering hydroxocobalamin 1000 mcg once or twice a week for
up to two years in cases of neurological symptoms or abnormalities.
However, it is unclear which neurological symptoms or abnormalities
require such intensive treatment and how long-term treatment should
be continued after the initial two years. It may take several months or
even years for neurological symptoms to resolve completely. Clinical
evidence suggests that with longer duration and more severe B12
deficiency, neurological symptoms are more likely to persist to some
degree [4]. People often continue to experience mild neurological
symptoms such as poor memory, impaired concentration, and fatigue
even after 'adequate' B12 replacement [1,8,9].

Many people with B12 deficiency report that the prescribed
frequency of B12 injections in the maintenance phase is insufficient to
manage symptoms [10,11]. They experience recurrence or worsening
of symptoms when the interval between injections is extended or
extended too quickly, and report that continuation of frequent i.m.
injections of hydroxocobalamin, ranging from twice-weekly to once
every 3-4 weeks [12], is needed to remain symptom-free.

It is not clear why certain patients require more frequent
treatment. It is also unknown why hydroxocobalamin administered
daily, or every other day may contribute to improving symptoms.
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When administered twice-weekly, serum B12 concentrations are
high, although within the first 48 hours after i.m. injection, 70-90%
of B12 is excreted by the kidneys and lost in the urine. There is no
literature to support the fact that in some patients the benefit of an
B12 injection can be so shortlived that is why we submit this case
report. Manny doctors have the misconception that B12 deficiency is
ruled out in patients without anemia which in turn has led to delayed
diagnosis notably in people presenting solely with neurological
symptoms. There is, however, literature supporting the fact that
some patients may experience recurrence or worsening of symptoms
when the interval between injections is extended or extended too
quickly, and they report that continuation of frequent intramuscular
hydroxocobalamin injections, vaying between twice-weekly and
once every three to four weeks, is needed to remain asymptomatic.
Why certain patients require more frequent treatment is not yet
understood.

Cobalamin is taken up into central and peripheral nervous tissue
through the CD320 receptor [13], but recent studies have suggested
that an alternative, as yet unidentified mechanism for neural B12
uptake also exists [14]. CD320 is a complex receptor; it features an
N-terminal, extracellular fragment comprising two Low-density
Lipoprotein Receptor Type A (LDLR-A) domains, separated by an
epidermal growth factor (EGF) homology domain. The exact function
of this domain has not yet been established, but it has been suggested
that it plays a crucial role in the binding of transcobalamin to the
receptor [15]. CD320 also contains a single transmembrane helix and
a C-terminal cell interior region involved in complex internalization.

is no data on the effects of specific genetic variations in the genes
encoding the different protein domains on CD320-transcobalamin
binding and uptake of cobalamin into the cell. The CD320 knockout
mouse develops cobalamin deficiency in the nervous system, leading
to loss of nerve myelin and inflammation [16]. A recent study showed
the presence of anti-transcobalamin receptor antibodies in a disease
called cutaneous arteritis [17]. Theoretically, such antibodies could
interfere with transcobalamin binding to the receptor and subsequent
uptake, altering the need for B12 supplementation. We urgently
need human studies exploring the effects of structural and post-
translational changes on the CD320 receptor on the need for high-
frequency B12 administration and more information on the role of
alternative neural B12 uptake in humans.

The effects of B12 on cell metabolism are multifold. It is an
essential cofactor of methylmalonyl-Coenzyme A mutase in
mitochondria, which converts methylmalonyl-CoA to succinyl-CoA,
and plays a role in the breakdown of amino acids and odd-chain
fatty acids. It also is a cofactor for methionine synthase (MS), which
catalyzes the transfer of a methyl group from methyltetrahydrofolate
(MTHF) to homocysteine to form methionine, and contributes to
DNA methylation and glutathione synthesis. It also affects histone
modification and the generation of reactive oxygen species. In these
pathways, there is a complex interaction of B12 with other B-vitamins,
including vitamins B1, B3, and folate (18). Disturbances in these
complex networks may play a role in the mitochondrial dysfunction
evidenced by persistent symptoms and different B12 supplementation
needs between individuals.

There are some indications in the literature that we may consider
cobalamin a general nerve-protecting and -regenerating compound.
Cobalamin may regulate the balance between neurotoxic and nerve
growth-promoting agents [19,20]. Micronutrients, including vitamin

B12, might improve nerve function scores in people with type
2 diabetes [21], but in this study, a mixture of nutrients was used,
including multivitamins and oral vitamin B12. Another study reported
that vitamin B12 injections were more effective than nortriptyline in
the treatment of painful diabetic nerve damage [22]. A 2005 review
of multiple studies [23] reported that high-dose oral cyanocobalamin
or methylcobalamin had beneficial effects on symptoms of diabetic
nerve damage, such as pain and abnormal sensations. In three studies,
treatment with methylcobalamin also improved automatic nervous
system symptoms. Effects on vibration perception and electrical
nerve function measures were inconsistent. However, one review
found no evidence that the use of oral vitamin B12 supplements is
associated with improvement in the clinical symptoms of diabetic
nerve damage [24]. Low central nervous system cobalamin levels
may even play a role in the development of multiple sclerosis [25,26].
Similar observations, and even reports of the beneficial effects of B12
injection therapy, have been reported in people with chronic fatigue
syndrome, with and without widespread pain [27,28].

There is evidence that placebo treatments can have significant
and sustained effects on clinical outcomes in multiple conditions,
particularly those where emotion and motivation play a central role
[29]. While a placebo may, on average, improve exercise capacity, a
recent study of 28 trained cyclists showed that exercise performance
remained unchanged in the majority of them, while it improved in
11 and worsened in four [30]. In contrast, most intervention studies
in heart failure patients found limited to no improvement in exercise
capacity in the placebo arm [31]. In vitamin B12 deficiency, there is
no evidence that recovery from severe anemia or normalizing elevated
methylmalonic acid levels due to hydroxocobalamin injections
can be regarded as a placebo effect. Yet, when patients' neurologic
or cognitive complaints improve through injection therapy, some
doctors consider this to be a placebo effect. This patient conducted a
study with himself as the only subject. This type of study is increasingly
accepted for evaluating the effects of treatment, especially in rare
diseases. The objective deterioration of his exercise capacity when
reducing the frequency and skipping the B12 injections suggests a
minimal role for a possible placebo effect.

There are no well-designed studies of hydroxocobalamin
injections in patients with neurologic symptoms caused by vitamin
B12 deficiency to conform or reject the placebo effect. Clearly thereisa
need for well-conducted double-blind, randomized studies in patients
with vitamin B12 deficiency who report the benefit of continued
frequent hydroxocobalamin injections vs oral supplementation. The
biomarkers for determining a functional vitamin B12 deficiency
normalize more rapidly than the improvement or reversal of
(neurological) symptoms. Additionally, symptoms may reappear
without changes in biomarker status. Therefore, these biomarkers
cannot be used to determine that the vitamin B12 deficiency has been
treated optimally.

In summary, we discuss a patient with chronic inflammatory
demyelinating polyneuropathy who developed B12 deficiency during
his disease. Long-term daily hydroxocobalamin administration
has proved necessary to reduce symptoms and maximize exercise
capacity. The biological mechanism behind such high-frequency
treatment needs to be elucidated.

Learning Points/Take Home Messages

. Vitamin B12 deficiency may cause considerable
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Figure 1: Weekly exercise capacity course after IV-IG with or without vitamin B12 injections
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neurological and/or cognitive symptoms.

. The British National Formulary provides instructions to
commence i.m. supplementation therapy with alternate-day dosing
of 1000 mcg hydroxocobalamin until all symptoms have disappeared
or do not improve further.

. Long-term high-frequency B12 administration may be
warranted in people whose symptoms reappear when injection
frequency is reduced.

. Our patient showed sustained improvement in symptoms
and exercise capacity while injecting 1000 mcg B12 i.m. daily.

Patient’s Perspective

After another severe relapse in 2016 due to my CIDP condition,
I returned to outpatient rehabilitation. Progress was slow and my
condition was very poor compared to my situation before the relapse.
Blood tests showed a B12 deficiency but my physician was not very
impressed with the test results and told me the standard treatment of
5 weeks B12 injections would be sufficient.

In conversations with fellow patients, they urged me to have a
second opinion. During that specialist examination, it was determined
that I had a chronic B12 deficiency. Looking back, I think it may have
been present for many years.

After starting the BI2 injections, my rehabilitation progress
increased and after a couple of months I was released from therapy.
From experience during a previous rehabilitation, I knew how
important exercise was. That is why I went for a walk every day. As
a researcher, I wanted to objectify my results using a pedometer. I
noticed that the day after a B12 shot I was stronger and faster than the
other day, so after a while I took a B12 shot every day. This eased my
loss of strength. I was stable all week and more importantly after a few
weeks the decline after a IVIG became less severe, what a welcome
result!

Now, seven years later, I still experience a huge advantage benefit
taking B12 every day. Friends and professional physicians suggested
that the effect may have been due to a placebo effect. Even when if it
that were true, I would gladly accept that outcome. Why throw away
a cheap mechanism that works without side effects? But in this case,
I am sure there is no placebo effect. Why? Because every now and
then I felt less strength and energy, and when I checked (afterwards),
it turned out that I had forgotten my B12 injection from the day
before. So, I am fully convinced that B12 injections are essential to
my wellbeing. No one likes having needles in your skin, but I do like

it because of the positive effects.
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