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Introduction

The neurologic disorders associated with perni-
cious anemia were well described in the literature
of the late nineteenth century and the first decades
of this century (5, 17, 31, 54, 67, 89, 91, 94). Much
of the classic literature on the topic is subject to
certain limitations, including uncertainty as to un-
derlying diagnosis and problems in evaluating ther-
apy with liver preparations of varying potency. No
large detailed series of patients with vitamin B,
(cobalamin, Chl) deficiency affecting the nervous
system has been published since the introduction
of various modern diagnostic and therapeutic meas-
ures, including the Schilling test, serum Cbl lavel
and treatment with purified vitamin B,s,, although
many reports involving single patients or small
numbers of patients have appeared (7, 17, 28, 38,
43, 47, 49, 65, 71, 87, 91, 98). It has been noted that
clinical presentation of patients with Cbl deficiency
during the modern era has been different and less
advanced than in the past (22). It is possible that
neurologic disorders due to lack of Cbl seen in
recent years may be more responsive to therapy
and show a higher degree of reversibility than has
been observed previously (8, 17, 27, 31, 43, 44, 67,
75, 88, 89, 96). We present here a review of the
presentations and responses to treatment of a large
series of patients with well-documented Chl defi-
ciency who were studied at 2 university hospitals
during a recent 17-year period. '

Methods

Patients

The records of all patients with low serum Cbl levels evaluated
at Columbia-Preshyterian Medical Center and Harlem Hospital
Center between July 1968 and September 1985 were reviewed.
In addition, the records of 2 patients with low normal serum Chl
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levels in whom subsequent therapy with cyanocobalamin pro-
duced striking neurclogic improvement were reviewed because
of their neurologists’ conviction that Chl deficiency was present
before treatment. Clinical Cbl deficiency was defined as a syn-
drome involving the tongue, nervous System, and/or hemato-
poetic system characteristic of lack of Chl which responded to
therapy with the vitamin; in those cases in which there was no
follow-up after therapy, Cbi deficiency was the only plausible
explanation for the syndrome.

In 369 patients there were 389 such episodes of documented
clinical Chl deficiency; some patients had recurrent episodes
after discontinuation of maintenance treatment with vitamin
B,y One hundred eighty-nine of these patients {with 199 epi-
sodes) had neurologic symptoms, signs, or both. In 46 patients,
neurologic evaluation was inadequate or a neurologic disorder
was present that did not clearly respond to therapy with coba-
lamin and was explained by an alternative diagnosis (Alz-
heimer’s disease 11, idiopathic parkinsonism 3, stroke 4, diabetes
mellitus 4, chronic alcoholism 3, hereditary spinal cerebellar
degeneration 1, normal pressure hydrocephalus 1, and motor
neuron disease 1) or by normal aging (diminished vibration
sense and loss of Achilles tendon reflex, 3 patients). In the
remaining 143 patients (153 episodes; 39.3% of the 389 episcdes),
the neurologic disorders were attributed to Cbl deficiency, These
patients form the basis for this report. Neurologic examinations
were performed by a neurologist or were considered complete in
136 episodes (89%). In the other 17 episodes the examination
was sufficiently complete for documentation and classification
of the neurclogic abnormalities. Forty of the 143 patients in-
cluded in this study have been previously reported (58).

Definitions

Neurologic syndromes: Based on the presumed anatomic lo-
calization of the clinical findings, we attributed the neurologic
abnormalities in our patients to one or more of the clinical
syndromes listed in Table 1. In this classification distal, symmaet-
rical, cutanecus sensory loss and absent tendon reflexes were
attributed to peripheral nerve disease, and spasticity, extensor
plantar tesponses, hyperreflexia, and a segmental vibratory or
cutaneous sensory level were considered spinal cord dysfunction.
Some patients had either 1) distal symmetrical loss of vibratory
sensation and/or proprioception or 2) autonomic abnormalities,
findings that could signify either peripheral nerve or spinal cord
disease; they were classified as having “myelopathy and/or neu-
ropathy” (M/N). Paresthesias without abnormal findings on
neurologic examination constituted a separate category. A com-
bination of clinical syndromes was frequently required to com-
pletely explain the neurologic abnormalities.
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Severity scores: In order to beiter quantitate the severity of
neurologic involvement and overall functional disability before
and after therapy, a grading system was devised (Table 2) so
that each episode could be given a point score. Neutologic
abnormalities were scored according to the level and severity of
involvement of sensory, motor, reflex, autonomic, and visual
systems and according to functional disability of gait or intellec-
tual function. Lower and upper limbs were scored independently.

Treatment response: In determining whether a neurclogic
response to cobalamin therapy had occurred, the available infor-
mation was considered adequate in those patients who either
improved after treatment with the vitamin or who failed to
improve after at least 6 months of therapy. In patients treated
and followed for less than six months who did not improve,
response was considered uncertain. Neurologic improvement was
considered complete when all neurologic symptoms disappeared
and the meurclogic examination and functional level became
normal (severity score = 0); partial, when there were residual
neurologic abnormalities or functional impairment after initial
improvement (severity score decreased by 1 point or greater); or
absent, if the neurologic abnormalities or functional level re-
mained unchanged or worsened (severity score unaltered or
increased). All patients were treated with parenteral cyanoco-
balamin in 1000 pg doses but the number and timing of the
initial injections were quite variable. Most patients received the
same dose monthly as maintenance therapy.

Serum Chl concentrations were determined by microbiologic
assay with Lactobacillus leichmannii {83), radioassay using pu-
rified intrinsic factor {Quantaphase, Bio-Rad Laboratories,
Richmond, CA), or both methods. Serum folate levels were
assayed employing Lactobacillus caset or milk-binder radioas-
s4ys,

The statistical analysis employed a variety of technigues,
including Student ¢ test, the chi-square method for fourfold
tables with correction for continuity, and multiple linear regres-
sion to determine the effect of a number of variables (including
age, sex, duration of symptoms, ethnic group, hematocrit, ethy-
rocyte mean cell volume [MCV], hospital, year of diagnosis,
serum Cbl and serum folate) on three different dependent vari-
ables: severity scores before and after treatment and percent
improvement over pre-treatment status (see below). In each
analysis, the most strongly related predictor variables were

selected by stepwise linear regression using the BMDP2R system
(13). A further regression was then done using this set of
predictor vatiables by all-possible-subset regression (BMDPOR)
and a best subset chosen (13, 25).

Resulis

Patient profile

The 143 patients with neurologic disorders in-
cluded 62 blacks, 56 whites, 24 Caribbean hispanics
{predominantly from Puerto Rico or the Dominican
Republic) and 1 Native American. The age of onset
of the symptoms of Cbl deficiency varied from 17
to 98 years (mean, 61.4). Mean age of onset was
similar among the various ethnic groups. Nearly
40% of the patients developed symptoms before the
age of 60 (Fig. 1) and 22% before the age of 50.
Pernicious anemia was the most common underly-
ing cause of Cbl deficiency (Table 3). Of the 3
patients considered to have food Chl malabsorption
(24), one was found to have serum antibodies to
intrinsic factor and an abnormal Schilling test 9
years after an initially normal Schilling test. This
patient was thought to have food Chl malabsorption
evolving into pernicious anemia (16, 23).

Symptoms at onset of cobalamin deficiency

Neurologic symptoms attributed to Cbl defi-
ciency occurred first and were the dominant symp-
toms in 114 episodes (Table 4). Paresthesias, most
commonly described as tingling, “pins and needles”
sensation or numbness, were the most common
initial complaints and occurred in more than 70%
of the patients with neurologic symptoms. Ten
patients complained bitterly of them and consid-
ered them disabling. Paresthesias were typically
bilateral and were experienced in the feet or the
feet and hands. In 22 episodes, however, paresthe-

TABLE 1, Definitions of neurologic syndromes

Syndrome

Definition

Peripheral neuropathy

Bilateral symmetrical impairment of cutaneous sensation distally in the limbs

{without a segmental level} or absent or diminished tendon reflexes, with
or without distal symmetrical atrophic limb weakness

Myelopathy

Spasticity, extensor plantar responses, or pathologic hyperreflexia with or

without bilateral limb weakness; or a segmental vibratory or cutanecus

sensory level
Myelopathy and/or neuropathy

Tmpaired proprioception, non-segmental diminished vibratory sensation, or

autonomic symptoms such as postural hypotension, urinary or rectal incon-
tinence, or impotence

Altered mental status

Impairment of attention span, memory, abstraction, fund of knowledge or

other intelectual function with or without abnormalities of behavior,
mood, affect, or logical thought

Optic neuropathy

Bilateral predominantly central or centrocecal visual impairment, with or

without optic atrophy

Paresthesias without abnormal
neurclogic findings

Spontaneous prickling, tingling, burning, numbness or related sensory com-
plaints perceived predominantly in the feet or feet and hands without

“abnormal findings on neurologic examination
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TABLE 2. Point system for numerical severity scoring

Abnormality Finding Points Comments

Sensory Paresthesias in the feet or hands 2
Diminished proprioception
At the toes or fingers 2
At the ankles or wrists 4
At the knees or elbows 8
Diminished vibratory sensation
At the toes or fingers
At the ankles or wrists
At the knees or elbows
Segmental vibratory level
Diminished cutaneous sensation
In the toes or fingers
At the ankles or wrists
At the knees or elbows
Segmental cutaneous sensory level
Motor Weakness
At or below the ankles or wrists
At or below the knees or elbows
At or below the hips or shoulders

When a sensory modality was ab-
sent, 1 additional peint for each
affected level was added
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‘When complete paralysis occurred, 2
additional points for each affected
level were added. If spasticity was
present in the limbs, 4 additional
points were added

Lol A )

Reflexes Extensor plantar responses, clonus, or hyperreflexia 4
Areflexia (other than absent Achilles’ tendon reflex 2
in the elderly)
Autonomic Urinary or fecal incontinence, postural hypoten-
sion, or impotence
Gait TUnable to maintain the Romberg position
Gait. ataxia but able to walk unsupported
Substantial support required for ambulation
Wheelchair or bed bound
Mental Intellectual or behavioral impairment present but
requiring no social support
Partially dependent for activities of daily living
Completely dependent for all activities of daily
living
Vision Visual acuity impaired but better than 20/200
Visual acuity 20/200-20/800
Able to only count fingers or recognize hand
movements

W

Points were assigned according to
the degree of supporf required for
ambulation

Lo how o

Points were assigned based on the
degree of support required to
carry out activities of daily living
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limbs. Thirty-two patients with paresthesias also
| reported other symptoms such as gait ataxia and
weakness of the legs or the legs and arms. Ataxia
20} of gait was an initial complaint in 34 episodes. Less
common initial symptoms are listed in Table 4. The
median ‘duration of neurologic symptoms before
1ok diagnosis and treatment with vitamin B;, was 4.0
months (mean, 13.1 + 31.6). :
I In 37 episodes the initial complaints attributable
o ,__l_——l_ L to Chl deficiency were non-neurologic. In 6 of these
10 20 30 40 ] [=4] 70 o) &0 100
AGE AT OMSET, years

PERCENT OF PATIENTS

episodes, paresthesias (4 episodes), ataxia (1), or
ataxia and memory loss (1} developed subsequently.

F16. 1. Distribution by decade of age of onset of symptoms of In 120 episodes (78%), therefore, neurclogic symp-
Chbl deficiency in 143 patients with neurologic manifestations. toms were present by the time Cbl deficiency was
For patients who had more than 1 episode, age at first episode ultimately diagnosed. In 31 episodes, neurolo gic

was used. ) symptoms were not reported from onset to the time
sias were reported exclusively in the handsor hands ~ Cbl deficiency was diagnosed and treated.

and arms; in 3 others the symptoms occurred first
in the hands and later in the feet and legs. One
patient described prominent paresthesias in the
gluteal and genital regions in addition to the lower

Two patients (1 episode each) were free of all
symptoms when anemia and Chl deficiency were

" diagnosed as the result of a “routine” complete

blood count.
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TABILE 3. Causes of cobalamin deficiency in 143

patients
. Number of
Etiology Patients (%)
Pernicious anemia
Proven® 95 (66.4)
Probablet 17 {119}
Tropical sprue 8 (5.6)
Gastric resection 6 (4.2)
Ileal resection 4 {2.8)
Jejunal diverticula 3(2.1)
Dietary cobatamin malabsorption 3 (2.1}
(probable)t
Multiple etiologies§ 4 (2.8)
Etiology not established 3(2.1)
Total ' 143 (100.0)

*Based on the presence of serum antibodies to intrinsie
factor, correction of cobalamin malabsorption by intrinsic factor
in Schilling tests, or both. :

¥ All hiad evidence of achforhydsia. In 7 only the first part of
the Schilling test was done which demonstrated malabsorption
of cobalamin. One patient died before a Schilling test could be
performed but the serum gastrin was elevated and gastric atrd-
phy was demonstrated at antopsy. Nine achlorhydric patients
did not have Schilling tests; gastrointestinal x-rays were normal.

1 The patients-had normal gastrointestinal x-ray films, nor-
mal Schilling tests and evidence of achlorhydria.

§ Proven pernicious anemia and gastric resection; proven
pernicious anemia and ileal resection; proven pernicious anemia
and ileal Waldenstrdm disease; gastric and ileal resection.

TABLE 4. Symptoms at onset of 153 episodes of
cobalamin deficiency

Number of
Episodes (%)

Neurologic 114 (74.5)
Paresthesias and/or numbness 51
Paresthesias and/or numbness with

Gait ataxia
Cait ataxia + anosmia, diminished taste
Gait ataxia + fecal incontinence
CGait ataxia + leg weakness
Leg weakness
Tmpaired manual dexterity
Impaired coin recognition
Memory loss
Impotence
Gait atazia
Gait ataxia with
Leg weakness
Impaired manual dexterity
Urinary incontinence
Personality change
Memoiy loss
Leg weakness
Orthostatic lightheadedness
Anosmia, diminished taste
Paranoid psychosis
Diminished visual acuity
Non-neurologic symptoms* 37 (24.2)
Asymptomatic 2 (1.3
153 (100.0)

* Gore tongue, gastrointestinal symptoms {anorexia, vomit-
ing, diarrhea), weight loss, generalized weakness, syncope asso-
ciated with severe anemia,

Initial Symptoms

—
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Progression of neurologic symptoms

In 40 episodes, progression of neurologic symp-
toms was documented in the medical record. Pro-
gression in each instance was considered unequiv-
ocal and not simply a reflection of subtle differences
in history and examination by different observers.
In 14, ataxia or paresthesias became more severe or
paresthesias moved more proximally in the extrem-
ities or from the lower to upper limbs. In 26 epi-
sodes, 1 or more new neurologic symptoms were
reported, including gait ataxia (11 episodes), limb
weakness and stiffness (8), paresthesias (5), im-
paired tactile recognition of coins (%), impaired
memory (2), difficulty buttoning clothes (1), per-
sonality change (1) and decreased libido (1). Six
patients developed autonomic symptoms including
urinary urgency, frequency, or incontinence in 5,
and impotence in 1. Six patients (none of whom
were anemic) became bed- or wheelchair-bound
while under observation. In all patients with pro-
gression, symptoms increased over weeks to months
rather than more rapidly.

Many in whom delays in diagnosis occurred were
considered to have other disorders, such as spinal
cord compression, amyotrophic lateral sclerosis, pe-
ripheral neuropathy due to alcoholism, diabetes or
unknown cause, and Alzheimer’s disease, before
serum cobalamin levels were finally obtained. In
these patients a number of unnecessary procedures
were performed, including myelograms in 6 and
sural nerve biopsy in 1.

Neurologic findings at diagnosis

In 31 of the 153 episodes (20.3%), neurologic
symptoms were present but the neurologic exami-
nation was normal at the time of diagnosis. These
patients complained of distal symmetrical limb par-
esthesias (28 episodes), paresthesias and ataxia (2),
or paresthesias, ataxia and impaired memory (1).
In the other 122 episodes (89 of which were asso-
ciated with neurologic symptoms), there were sen-
sory, motor, autonomic, mental, or visual abnor-
malities on examination (Table 5). The most com-
mon abnormality was diminished vibratory
sensation, which was found in 107 episodes (87.7 %),
Vibratory sensation was usually diminished or ab-
sent in the feet or feet and legs up to the knees. In
more severely affected patients, vibratory sensation
was substantially diminished up to the iliac crest
(6 episodes), lower thoracic area (2 episodes), mid-
thoracic area (2 episodes), hands and elbows (3
episodes), and shoulders (1 episode).

Proprioception was diminished or absent in the
toes or ankles in 72 episodes. In 8, position sense
was also impaired in the fingers (7 episodes) or
wrists (1). Position sense loss was always accom-
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TABLE 5. Abnormal neurologic findings in 122 episodes of cobalamin deficiency

Neurologic Alone Combined with Number of

Abnormality Ataxia. PP QP MI  MI+PP MI+Qp  Episodes (%)
Impaired VS + PS 29 11% 1 2 43 (35.2)
Impaired VS 21 4 4 2 it 32 {26.2)
Impaired VS, PS + CS 7t 5 318 31 2 2% 21 24 (19.8)
Impaired VS + CS 37 1 2 6 {4.9)
Impaired C8 4% 2 6 {4.9)
Impaired PS+ ?VST§ 3 1 11t 5 {4.2)
Ataxia . 1 1 2 (1.8)
Postural hypotension + 2 2 (1.6)

impaired VS

Mental impairment 1 1 (0.8}
Reduced visual acuity 1 1(0.8)
Total ' 122

Abbreviations: PP = paraparesis, QP = guadriparesis, MI = mental impairment, VS = vibratory sensation, PS = joint position

sense, C8 = cutaneous sensation.
* 2 episedes with urinary incontinence.
T 1 episode with fecal incontinence.
1 1 episode with urinary incontinence.
§ 2 episodes with ataxia.
I 1 episode with urinary urgency, ataxia and impotence.
% 1 episode with urinary urgency and frequency.
** 1 episode with impotence.
1t Testing of vibratory sensation inadequate.
i1 Ataxia present,

panied by abnormal vibratory sensation, with the
exception of 5 episodes, in which the latter modality
was not tested or was inadequately tested. In 3
patients with diminished vibratory sensation and
normal proprioception, corticospinal tract abnor-
malities (2 episodes) or impaired 2-point discrimi-
nation (1 episode) were noted. Ataxia of gait, com-
monly with associated sensory impairment, was
observed in 28. The Romberg sign and Lhermitte
phencmenon (14) were present in 14 and 3 episodes,
respectively.

Cutaneous touch and pain sensation was reduced
in 36 episodes; in 6 of these the sensory examination
was otherwise normal. Cutaneous sensation was
usually impaired in “stocking” distribution in the
feet or feet and legs up to the knees. In 8 episodes,
however, the arms were also involved up to the
wrists (b episodes), forearms (2), or biceps (1); in 3
there was a cutaneous sensory segmental level at
L1 {1 episode) or T5 (2 episodes),

Weakness of the limbs was found in 16 episodes,
always together with sensory deficits. The weakness
affected the lower limbs symmetrically in all epi-
sodes except 1, in which bilateral leg weakness was
very asymmetric. Six patients had weakness of the
upper as well as the lower extremities. Hyperre-
flexia, extensor plantar responses, and spasticity
were noted in 7 episodes. In 1 patient with extensor
plantar responses, reflexes were absent in the legs.
Reflexes were normal, diminished or absent in the
remaining 9 patients with limb weakness, 4 of
whom also had distal atrophy. Tendon reflexes were

absent or substantially reduced in 41 episodes and
hyperactive in 13.

Autonomic abnormalities were uncommon. In
several episodes urinary incontinence (5 episodes),
urinary frequency and urgency (3), fecal inconti-
nence (2}, or impotence (2) accompanied other mo-
tor or sensory abnormalities. In 2 additional epi-
sodes, involving the same patient, severe postural
hypotension (30 to 40 mm drop in systolic blood
pressure} and syncope occurred with a variable
increase in heart rate on standing in the absence of
other autonomic symptoms. In both of these epi-
sodes vibratory sensation was also impaired.

Visual impairment with bilateral centrocecal sco-
tomas attributed to Cbl deficiency occurred in only
1 patient whose visual acuity was 20/800 in the
right eye and limited to counting fingers in the left,
This previously reported patient (85) had subacute
visual loss without optic atrophy.

Mental impairment appeared to be caused by Cbl
deficiency in 18 episodes. In 17 this was character-
ized either by global dementia (8) or predominantly
recent memory loss with mildly reduced attention
span and otherwise normal cognitive function (9).
In 5 of these episodes, depression (2 episodes),
agitation (2), and hypomania (1) were superim-
posed on intellectual impairment, and in 2 episodes,
acute paranoid psychosis or depression and “per-
sonality change” dominated the mental status. In
the other episode there were no intellectual abnor-
malities but the patient had a blunted affect and
emotional lability.

In 17 of the 18 episodes with mental impairment,
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there were other neurologic abnormalities, In 14,
decreased vibration sense was found, frequently in
association with other findings. In 1, impairment
of vision was the only other neurologic abnormality,
and in 2 episodes there were paresthesias and an
ataxic broad-based gait requiring assistance. In the
other patient with mental impairment the only
finding was an amnestic syndrome but the neuro-
logic examination was incomplete because of poor
cooperation.

Neurologic syndromes

The various neurclogic presentations were clas-
sified according to the definitions outlined in Table
1 and are summarized in Table 6. The category of
myelopathy and/or neuropathy was the most com-
mon neurologic syndrome. Peripheral neuropathy
and myelopathy were also common but were usually
associated with other neurclogic syndromes, In 61
episodes (39.9%), more than 1 syndrome was pres-
ent.

Neurologic diagnostic tests

Quantitative values of electromyographic studies
were available in 10 patients, 9 of whom had clinical
signs of peripheral neuropathy. Seven of the 9 had
decreased peroneal or posterior tibial nerve conduc-
tion velocities (29 to 40 m/sec). In 6 of the 7,
however, there was also evidence of axonal damage
(fibrillation potentials and positive sharp waves,
accompanied by decreased amplitude of evoked mo-
tor and sensory potentials in 4, absent responses to
surface recording of stimulated sensory nerves in 3
and of stimulated motor nerves in 2). One of the 9
patients with clinical signs of peripheral neuropa-
thy had a normal study, and 1 showed only cervical
radiculopathy. Electromyography was normal in a
tenth patient with “myelopathy and/or neuropa-
thy,”

Somatosensory evoked response testing revealed
cervical conduction delay in 8§ patients with my-
elopathy and 1 with peripheral neuropathy plus
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myelopathy and/or neuropathy, but was normal in
another patient with signs of myelopathy. Three
patients with either myelopathy, peripheral neu-
ropathy, or altered mental status, but no visual or
brainstem symptoms or signs, had normal visual
evoked potentials. Two of these patients also had
normal brainstem auditory evoked responses.

Electroencephalography showed diffuse slowing
in 2 patients with altered mental status secondary
to cobalamin deficiency and in 2 with probable
Alzheimer's disease. It was normal in 3 others with
altered mental status secondary to cobalamin defi-
ciency and in 8 with normal mentation.

Computerized cranial tomography showed bilat-
eral mild-to-moderate diffuse cerebral atrophy in 3
patients (aged 69 to 76 years) with menial impair-
ment attributed to cobalamin deficiency and in 1
72-year-old with normal mentation.

The cerebrospinal fluid was normal in 14 pa-
tients.

Hematologic findings

The first hematologic data obtained in each epi-
sode are summarized in Table 7. The hematocrit
was normal in mote than a quarter of the episodes,
even though in each instance except 1 the patients
complained of neurclogic symptoms at the time
blood tests were done. Only 19% were severely
anemic {hematocrit < 20%). In approximately one-
fourth of the episodes, the erythrocyte mean cell
volume {MCV) was normal. In 22 episodes (16.3%),
both the hematocrit and MCV were normal. When
the MCV was increased the macrocytosis was often
marked {MCV > 110 fl). The white blood cell and
platelet counts were normal in the great majority
of patients (Table 7). Of 139 episodes from which
blood smear readings were available, hyperseg-
mented neutrophils (with or without macro-ovalo-
cytes) were noted in 137 (98.6%); in 15 instances,
however, blood smear morphology was reported as
normal by routine hospital laboratories, and mini-
mal neutrophil hypersegmentation was detected

TABLE 6. Neurologic syndromes in 153 episodes of cobalamin deficiency

Associated with Total Number
Alone of Oceur-
M/N PN MP BCD ON >1 syndrome rences (%)
Myelopathy and/or neuropathy {M/N) 52 29 1 4 3 89 (40.5)
Peripheral neuropathy (PN} 4 29 14 2 6t 55 (25)
Myelopathy (MP) 4 1 14 4 3* 26 (11.8)
Bilateral cerebral dysfunction (BCD} 1 4 2 4 1 6 18 (8.1}
Optic neuropathy (ON) 1 (0.5)
Paresthesias without abnormal neurologic 31 1 31 (14.1)

examination

* PN and BCD.
+ M/N and BCD, 3 episodes; MP and BCD, 3 episodes.
I M/N and PN, 3 episT(Jies; MP and PN, 3 episodes.
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TABLE 7. Initial hematologie findings in 153 episodes
of cobalamin deficiency

Number of Episodes with

Test Finding/Number Tested (%)
Hematocrit
Normal* 42/1568 (27.4)
Decreased
=30% 25/153 (16.3)
20-29% 57/1563 (37.3)
<20% 29/153 (19.0)
Mean Cell Volume
<80 fl 1/185 (0.7)
Normal (80-160 f1) 31/135 (23.0)
101-110 f 41/135 (30.4)
=110 1] 62/135 (456.9)
White blood cell count
Normalf 150/153 (98.0)
Decreased 3/153 (2.0)
Platelet count
Normalf 140/148 {94.6)
Decreased 8/148 {5.4)

Abbreviation: fl = femtoliters.

* 35-47% in women; 40-52% in men.

T >4000/d in whites; >3000/u] in blacks.
1 150,000-400,000/ 4.

only after review of the smear by an experienced
hematologist. A bone marrow aspirate was obtained
in 78 patients, including 15 with either a normal
hematocrit, normal MCV, or both findings, and was
read as megaloblastic on blind review by one of the
authors in every case.

Serial hematologic studies before the institution
of Chl treatment were available in 13 episodes in
which the hematocrit and MCV were normal at the
onset of neurologic symptoms. In each instance
neurologic complaints continued or worsened while
the hematocrit remained normal and unchanged for
varying periods. In 7 episodes, the MCV also re-
mained normal and unchanged for 3 to 36 months.
In 2 others, the MCV increased but remained in
the normal range over 14 months and 7 years of
observation. In 3 episodes, the MCV became ele-
vated 2, 4, and 6 years later while the hematocrit
was unchanged, In the remaining episode the MCV
rose above normal over an 18-month period, after
which anemia developed,

Folic acid was given to 4 patients and multivitam-
ins containing folate to another before the diagnosis
of cobalamin deficiency was established. Two pa-
tients responded hematologically; in 1, neurologic
symptoms progressed and in the other appeared for
the first time while he was receiving folate. Both
patients had a normal hematocrit and 1 had a
normal MCV when Cbl deficiency was finally di-
agnosed, In the other 3 there was no hematologic
response and neurologic symptoms apparently in-
creased while under treatment. Two additional pa-
tients were taking multivitamins at the time neu-
rologic symptoms appeared but it could not be

ascertained whether the preparations contained
folic acid. .

, i
Serum vitamin concentrations

The serum Chl level was <200 pg/ml (<150 pmol/
L} in all but 2 patients. In 1 of them, the concen-
tration was 235 pg/m! by radioassay; in the other,
the serum level was 205 pg/ml by radioassay and
280 pg/ml by microbiclogic assay. In 27 episodes,
the serum Chbl was only moderately decreased
{range, 100-200 pg/ml). Serum folate concentra-
tions were above the upper limit of normal (20 ng/
ml) in 29 episodes, low in 7, and normal in the
remainder.

Severity of neurologic abnormalities before
treatment

Most patients had relatively mild neurologic im-
pairment. In 99 (64.7%) of the 153 episodes, the
severity score was 9 or less (“mild” dysfunction);
these patients typically had little significant func-
tional disability. In 39 episodes {25.4%), nervous
system damage was considered to be “moderate”,
with severity scores between 10 and 19; these pa-
tients were disabled with respect to activities of
daily living but remained more or less independent.
In 15 episodes (2.8%) with “severe” neurclogic im-
pairment, scores were 20 or greater, indicating
marked functional disability; they usually required
substantial support in activities of daily living.

The assignment of a quantitative severity score
to each episcde facilitated assessment of the influ-
ence of various factors that might affect severity.
The extent of nervous system dysfunction was
clearly related to the duration of neurologic symp-
toms before treatment. Thus, the mean severity
score (= 1 SD) in episodes preceded by 6 months
or less of neurologic symptoms was 8.5 + 7.7 (n =
88}, in contrast to 12.0 + 9.1 In episodes with
symptoms of 7 to 12 months’ duration (n = 18) and
15.3 % 13.3 in those who had symptoms for more
than a year before therapy (n = 23) (p < 0.005
when the 0-6 and >12 months groups were com-
pared). The quantitative correlation between du-
ration of symptoms and severity was significant (r
= (.36, p < 0.00004), Similar correlations were
noted between severity and the duration of all
symptoms (i.e., both neurologic and non-neuro-
logic), although they were slightly less strong.

A less anticipated finding was that the neurclogic
severity at the time of diagnosis was greater with
increasing hematocrit. Thus, the mean severity
score in 42 episodes without anemia (mean hema-
tocrit, 40.3 + 3.3%) was 14.6 + 11.8, nearly twice

that (7.7 £ 6.7, p < 0.00005) in the 111 episodes in

which anemia was present (mean hematocrit, 24.3
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+ 7.2%). Mean severity score increased with in-
creasing hematocrit (Fig. 2) and the hematocrit
correlated significantly by regression analysis with
severity (r = 0.34, p < 0.00004). Although the
duration of neurologic symptoms was longer in non-
anemic than anemic patients (24.7 + 50.9 vs. 8.0 £
15.5 months, respectively; p < 0.01), this did not
appear to account for the relation between hema-
tocrit and severity. For example, if only those epi-
sodes preceded by neurologic symptoms for 6
months or less were considered {average duration
2.4 + 2.1 months in anemic patients, 1.9 & 1.5
months in those without anemia), the mean severity

|
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Frc. 2. Mean severity score before treatment associated with
different levels of hematocrit in 151 episodes of cobalamin
deficiency involving the nervous system. (Hematocrit values
were not available for 2 of the 153 episodes in the series.) Bars
indicate 1 standard error of the mean and numbers within boxes
the mimber of patients in each group. The mean score in the
36-47% hemataocrit group was significantly higher than that of
the 6-15% group (p < 0.005), the 16-256% group {p < 0.001) and
the 26-35% group (p < 0.02). The mean score of the 26-35%
gronp was also significantly higher than that of the 8-15% group

in episodes in which the hematocrit was normal
remained higher (13.2 £9.9 vs 7.3 £ 6.6, p < 0.005).

None of a number of other variables showed a
significant correlation with severity scors, including
age, sex, hospital, year of diagnosis, MCYV, serum
cobalamin (r = —0.01) or serum folate (r = .004).
There was a modest relationship, however, between
severity and ethnic background. Severity scores
were highest in whites (mean 11.8 + 9.8, n = 60),
intermediate in blacks (8.7 + 8.3, n = 68) and lowest
in hispanics (6.6 + 7.5, n = 24). The only interethnic
difference which was statistically significant was
that between whites and hispanics in severity scores
(p < 0.025). Whites did not differ from hispanics
in duration of neurclogic symptoms before treat-
ment (16.5 + 42.6 vs 18.8 % 28.8 months, respec-
tively), hematocrit (31.3 £ 9.0% vs 27.9 + 9.6%, p
> 0.1), age, hospital, MCV, serum Cbl or serum
folate.

On multivariate analysis, however, the only re-
maining variables that significantly affected sever-
ity score were duration of symptoms and hemato-
crit. The contribution of each, as analyzed by “best
subset” regression, was approximately equal (p <
0.001 for each).

Neurologic abnormalities in recurrent episodes of
cobalamin deficiency

In 10 patients, a second episode of cobalamin
deficiency associated with neurclogic abnormalities
occurred after interruption of maintenance therapy
with vitamin Biz. The 2 episodes were separated by
2 to 16 years (mean, 8.1 years). In 7 patients the
neurologic syndrome was the same in the 2 epi-
sodes. The severity scores before and after treat-
ment of the initial and recurrent episodes did not
differ significantly (data not shown).

Response to cobalamin therapy

Neurologic exacerbations: Four patients experi-
enced exacerbations of neurologic symptoms early
after treatment with Cbl was initiated. Two who
had paresthesias of the upper extremities before
{reatment noted dramatic extension of the pares-
thesias (in 1 case to the thighs and ankles, in the
other to the forearms and girdle area) beginning 24
to 48 hours after the first 1 mg injection of cyano-
cobalamin and persisting for 4 to 6 days. One of
them also complained of a worsening of pre-existing
numbness of the hands at the same time. These
symptoms completely cleared by the end of the first
week of treatment and never recurred. A third
patient, who had paresthesias of the toes, fingers,
and arms prior to therapy, observed spread of the
paresthesias to the trunk and legs, new onset of the
complaint of paresthesias after neck flexion, and
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increasing weakness of the arms during the first 2
months of treatment with 1 mg parenteral doses of
cyanocobalamin given once or twice a week. In each
instance the worsening of symptoms after Chl treat-
ment resulted in repeated examinations by neurol-
ogists and the speculation that the diagnosis of
underlying Cbl deficiency was in error. The only
new objective finding noted during the exacerba-
tions was a positive Lhermitte sign in the third
patient. A fourth patient had a spastic paraparesis,
mild confusion, disorientation only to time and
moderate memory impairment before therapy; 72
hours after the first injection of cyanocobalamin, a
florid acute psychosis, with visual hallucinations,
delirium, total disorientation, and rambling incoh-
erent speech developed, which cleared over 2 to 3
days. After these exacerbations subsided, each pa-
tient showed progressive and sustained improve-
ment in the neurologic symptoms and signs origi-
nally present as Cbl treatment was continued. (An-
other patient with megaloblastic anemia due to Cbl
deficiency, who had no evidence of a neurologic
disorder before therapy and therefore was not in-
cluded in this series, developed a severe acute psy-
chosis 12 hours after the initiation of treatment,
which cleared within 36 hours.)

Neurologic responses: In 32 of the 153 episodes,
follow-up data were inadequate to determine
whether there was a response to Cbl therapy. Three
patients died before or shortly after Chl therapy
was initiated. (In 1, an autopsy showed severe de-
myelination of the posterior and lateral columns of
the spinal cord.) In 27 episodes, no neurologic eval-
uation after Cbl treatment was available. In 2 there
was no response, but follow-up assessment of neu-
rologic status took place after only 2 to 3 months
of treatment.

In each of the remaining 121 episodes, a definite
response to cobalamin therapy was documented. In
57 (47.1%), there were no'remaining neurologic
symptoms and the neurologic examination returned
to normal (complete response). Eleven of the 18
patients with mental impairment were included in
the group with complete responses. In 64 episodes
(62.9%}, an unequivocal but partial response to Chl
therapy was noted and there were residual abnor-
malities in the neurologic examination. (Nine pa-
tients in the group with an incomplete response in
whom the final neurologic evaluation took place
less than 3 months after initiation of therapy have
been excluded from the subsequent analysis,) The
mean duration of ohservation on cobalamin therapy
was 37.6 months. Moderate or severe neurologic
residual disability after treatment (severity score =
10) was present in only 7 episodes, representing
6.3% of those with known treatment outcome. Of

the 112 episodes with known/yutcome, the severity
score was reduced by 50% or {eater in 101 (91.0%).
The mean severity score after treatment {(3.0+5.3)
was less than one-third of that before therapy (9.6
+88, p<1x107%),

Complete or partial responses occurred in pa-
tients with pretreatment severity scores in the mild,
moderate or severe range. However, the extent of
neurologic involvement after therapy was strongly
related to that before treatment. In the 10 episodes
in which the pretreatment severity score was 20 or
greater a complete response was seen in only 2 and
residual neurologic dysfunction was observed in all
of the 8 episodes in which the severity score was
more than 23 before therapy. After 3 of these epi-
sodes the post-treatment severity score remained
in the severe range, but in the other 5 residual
neurologic impairment was mild or moderate. There
was a strong quantitative correlation between pre-
and post-therapy severity scores (Fig. 3;r = 0.76, p
<1x1077).

The duration of neurclogic symptoms before
treatment with Cbl therefore also correlated with
post-treatment neurologic dysfunction. The mean
severity score after treatment wag 1.7 + 2.4 in those
episodes preceded by symptoms for 6 months or
less, 3.6 £ 8.4 in those with 7 to 12 months of
complaints, and 8.4 £ 9.8 in those with symptoms
for longer than a year (p < 0.0001 for >12 compared
with <6 months). Duration of symptoms correlated
quantitatively with post-treatment severity (r =
043, p <1 x 1079).

In addition, the absence of anemia before therapy
was predictive of residual neurologic damage. The
mean post-treatment severity score after episodes
without anemia was 6.0 + 7.8 compared to 1.7 +
2.8 in those with a low hematocrit (p < 0.001).
Pretreatment hematocrit correlated positively with
post-treatment severity (r = 0.37, p < 0.0001).
Severity score after treatment did not correlate,
however, with ethnic group, sex, age, hospital,
MCV, serum Cbl, serum folate, or duration of fol-
low-up after therapy.

Because pretreatment severity score, duration of
symptoms, and hematocrit all correlated signifi-
cantly with post-treatment severity score, a multi-
variate analysis was performed. On “best subset”
analysis, all 3 variables correlated independently
with post-treatment severity. The relationship with
pretreatment severity was by far the strongest (t =
10.34, p < 1 X 1077); duration of symptoms showed
a modest independent correlation (t = 3.37, p <
0.001) and the correlation of post-treatment sever-
ity with hematocrit was only barely significant (£ =
2,00, p < 0.05). As might be expected from the
above-mentioned findings, the presence of a com-
plete versus incomplete neurclogic response to ther-
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apy correlated significantly with each of the 3 vari-
ables {Fig. 4).

The percentage of improvement over pre-treat-
ment neurologic status was calculated as another
and different way of assessing response to therapy;
this was calculated as

post-treatment severity score

: 100
pre-treatment severity score

The mean percent improvement for the entire
group of patients was 74.6 = 28.4% (range, 14.7-
100). The duration of neurclogic symptoms before
treatment, hematocrit, and pretreatment severity
score all correlated inversely with percentage of
improvement on univariate analysis, After step-
wise multivariate analysis, duration of symptoms
correlated most strongly with improvement (p <
(.0003); hematocrit also correlated significantly (p
< 0.002} but the relationship with pretreatment
severity was no longer significant.

Although there was insufficient documentation
for quantitative analysis, the overall rate of re-
sponse to cobalamin therapy and the length of time
to maximum improvement was not identical for
different abnormalities and syndromes. With the
exception of the 8 patients described above in whom
paresthesias transiently worsened soon after ther-
apy was begun, this symptom usually responded
quickly. Paresthesias frequently began to subside
after a few days of treatment and reached maximum
improvement within 1 to 3 months, although in
some cases no response was noted during the first
4 to 6 weeks. Other neurclogic abnormalities usu-
ally did not begin to improve until 2 to 4 weeks of
treatment and maximum response was usually
reached within 6 months, as has been previously
reported with liver therapy (28, 88), although con-
tinued improvement was documented for at least
12 months in some cases. In 1 patient progressive
objective functional improvement in signs of my-
elopathy was documented beyond the third year of
treatment. In all patients some evidence of symp-
tomatic or objective improvement was noted during
the first 3 months. Sensory abnormalities often
improved earlier than spastic weakness or bladder
dysfunction. In the single case of optic nerve im-
pairment, visual acuity was normal within 5 months
of treatment. In the patient with 2 episodes in
which orthostatic hypotension was the chief com-
plaint, rapid recovery of symptoms and blood pres-
sure responses was documented during the second
episode within a week of beginning therapy with
Cbl, before any change in the hematocrit occurred;
however, treatment of the first episode with Cbl did
not correct the orthostatic hypotension for at least
- 3 weeks,

Hematologic responses: Hematologic data follow-
ing therapy with parenteral |.yanocobalamin were
available from 99 of the 111 episodes in which
anemia was present, The hematocrit rose after Chl
treatment in 94 patients. The additional adminis-
tration of iron was necessary for a hematologic
response in 3. In the remaining 2 (1 with the anemia
of chronic disease attributable to metastatic carci-
noma, the other with a hereditary chronic hemo-
lytic anemia} there was no change in the hematocrit
after Cbl therapy, although the MCV fell. In the 42
episodes in which the hematocrit was normal before
treatment, hematologic follow-up was obtained in
39. The hematocrit rose within the normal range in
25 of the 32 episodes; the increment in hematocrit
was substantial (=5%) in 11. The MCV fell to
normal in all 83 episodes associated with an ele-
vated MCV from which follow-up data were avail-
able. In those episodes in which the MCV was
normal before treatment, the MCV also decreased
in 27 of the 29 instances in which cell size was
subsequently measured. In 21 of these 29 episodes
a marked fall in MCV (=5 fl} was observed. In only
2 cases, however, was the post-treatment MCV
below the lower limit of normal; in other words, in
patients with an initially normal MCYV, Chl therapy
caused a fall to a lower point within the normal
range. The MCV responses in 24 of these episodes
have been reported previously (58).

Comparison of patients with and without
neurclogic dysfunction

Clinical and laboratory data were available from
180 Cbl-deficient patients (187 episodes) in whom
no neurologic signs or symptoms were present, for
comparison with the 143 patients (153 episodes) in
this series. The patients without neurologic involve-
ment differed significantly from those with disor-
ders of the nervous system in a number of respects.
In the group lacking neurologic dysfunction, the
duration of symptoms before diagnosis was shorter
{mean, 7.3 + 9.1 vs 11.2 + 14.5 mo, respectively, p
< (0,006); anemia was more severe {mean hemato-
crit, 22.50 £ 8.2 vs 28.7 £ 9.4%, p < 0.0001}; and
serum lactate dehydrogenase was higher (1767 %
2040 vs 1259 % 1881 U, p < 0.05). The MCV tended
to be higher in those without neurologic involve-
ment (115.4 + 10.7 vs 112.6 +£ 134 fl p < 0.06) and
the white blood cell count lower (5.0 £ 2.5 va 5.5 +
2.6 x 10° cells/pd, p < 0.06). '

In addition, hispanic patients were less fre-
quently represented among those with neurologic
disease (24 of 143, or 16.8%) than among those
without it (58 of 180, or 32.2%, ¥ = 9.23, p <
0.003). Neurologic dysfunction developed in only
24 (29.3%) of 82 hispanics with Cbl deficiency in
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contrast to 56 (52.8%) of 106 whites (x? = 9.56, p
< 0,003) and 62 of 134 blacks {46.3%) (x* = 5.44, p
< 0.02). The hispanics also differed from the other
2 groups in that tropical sprue was a frequent
underlying cause of Chl deficiency. If only patients
with pernicious anemia were considered, the same
trends were seen but the interethnic differences
were no longer significant. Involvement of the nerv-
ous system occurred in 15 of 37 hispanics with
pernicious anemia (40.5%), 49 of 92 whites (53.3%)
(x*> = 1.24, p > 0.06) and 51 of 108 blacks (47.2%)
(x* = 0.26). The patients with neurologic involve-
ment did not differ from those lacking it in age,
sex, hospital, or the incidence of anorexia, weight
loss or glossitis. Serum Cbl was similar in the 2
groups (mean values, 85.5 vs 84.0 pg/ml, respec-
tively).

Discussion

There are certain limitations to the series pre-
sented here, including its largely retrospective na-
ture and the fact that many different physicians
were involved in the care of the patients. There are
a number of advantages, however, including the
generally high quality of the neurologic evaluations,
" the large numbers of patients studied, the high
percentage with follow-up after therapy, and the
inclusion of every patient with a low serum Cbl
seen at 2 institutions serving populations of differ-
ing socioeconomic backgrounds over a period of
nearly 2 decades. Although a few patients may have
been missed, i.e., those who were treated without
obtaining a serum Cbl level and some who were
deficient although the serum Cbl was normal (59},
it is highly likely that most patients with Cbhl defi-
ciency of the nervous system seen at the 2 teaching
hospitals during the period of study were included,
affording a comprehensive view of the clinical pic-
ture of this disorder as seen in current practice.

The neurclogic manifestations of Cbl deficiency
as revealed in this series are in many ways consist-
ent with the findings recorded in early reports (11,
38, 54, 57, 64, 68, 76, 94, 95) and subsequent obser-
vations as summarized in several excellent reviews
(17, 27, 75, 91). In Addison’s (3} classic clinical
description of pernicious anemia in 1855, the only
neurologic abnormalities were periods of confusion
or deliriutm in terminally ill patients. In 1887
Lichtheim (57) reported 3 patients with anemia,
ataxia and paresthesias; autopsy in 1 showed severe
degeneration of the spinal cord. Other investigators
confirmed the association of motor, sensory, auto-
nomie, and reflex abnormalities with demyelination
and axonal destruction in the posterior and lateral

columns of the spinal cord. In these early reports
1\
'l

!

vibratory or position sense loss and even dimin-
ished reflexes were attributed to spinal cord disease,
for which the term “subacute combined degenera-
tion” was introduced (76). Other investigators, by
contrast, attributed motor, sensory, and reflex ab-
normalities to peripheral neuropathy (36, 64, 71).
Histologic confirmation has been infrequent (2, 33,
65, 72), and the dispute remains unresolved. Al-
though sensory, motor, and reflex disturbances
were the commonest neurologic abnormalities in
our patients, the findings were frequently compat-
ible with involvement of peripheral nerve, spinal
cord or both, and the classification of “myelopathy
and/or neuropathy” was used. Only a small number
of patients had unequivocal evidence of exclusive
peripheral nerve or spinal cord localization {Table
6}. Our observations, therefore, indicate that the
long-standing controversy in the literature con-
cerning the relative importance of myelopathy ver-
sus peripheral neuropathy in patients with Cbl
deficiency cannct be resclved on clinical grounds
alone.

Electromyographic studies in the small number
of cases reported in the literature have been con-
sistent with axonal or demyelinating neuropathy, a
combination of the 2, or neither (28, 47, 52, 60, 62,
63, 65, 71, 86). Subclinical peripheral nerve involve-
ment has alsc been demonstrated {(60). Somatosen-
sory evoked potentials have shown delayed cervical
conduction in patients in whom localization of sen-
sory abnormalities was uncertain on clinical
grounds as well as in those with definite myelopathy
{28, 47, 97). Delayed conduction in visual evoked
response testing has been reported in patients with
both impaired and unimpaired vision {28, 47, 52,
97). Brainstem auditory evoked responses have
been normal in most of the patients studied (28, 52,
63, 97). When followed serially, evoked response
studies have shown improvement after Cbl therapy
(28, 52, 63). Electromyographic studies in a select
group of our patients in whom peripheral nerve
disease was suspected usually showed evidence of
both azonal and demyelinating neurcpathy. For a
more complete understanding of the relative con- .
tribution of peripheral neuropathy and myelopathy
to the pathology of Cbl deficiency, systematic elec-
trophysiologic or detailed histologic studies in a
large series of patients will be required.

Previous observations (17, 27, 75, 91) that are
confirmed in our series include the predominance
of paresthesias and ataxia as initial symptoms (Ta-

ble 4); the considerable inter-patient variability in . :

signs and symptoms (Tables 4 and 5); the very high
incidence of disturbances in sensation on neuro-
logic examination, with defects in vibration percep-
tion the most common; the less frequent occurrence
of motor abnormalities, with cortical spinal tract
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or motor nerve involvement only in advanced cases;
the usually symmetric and initially distal involve-
ment of the extremities, most commonly in the
lower limbs; the occurrence of cerebral and auto-
nomic disorders in some patients; and the rare
occurrence of anosmia, hypoalgusia, optic nerve
disease, and orthostatic hypotension. Abnormali-
ties that have been reported in the literature in
association with Cbl deficiency but which were not
seen in our patients include positional vertigo {61),
paralysis of upward gaze (79), downbeat nystagmus
(63), coma (41, 51, 73, 93) and (in infants) invol-
untary movements (41, 45, 93).

Altered mental status, including a wide variety
of psychiatric symptoms, has frequently been ob-
served in patients with Cbl deficiency (42, b4, 87,
94, 95, 98), although other causes of abnormal men-
tal function in these often elderly patients have not
always been excluded and the response to therapy
has frequently not been well documented. In our
. patients cerebral dysfunction attributed to Cbl de-
ficiency occurred less frequently than in some re-
ports, possibly because we excluded patients in
whom Alzheimer’s disease, alcohol-related demen-
tia, or other disorders may have been present in
addition to lack of Cbl. Mental impairment caused
by Cbl deficiency presented as global dementia, a
predominantly amnestic syndrome, or psychiatric
symptoms, which were the most striking feature in
2 patients. With the exception of 1 patient who
could not cooperate adequately for a complete neu-
rologic examination, other neurologic abnormalities
were always present in patients with cognitive dys-
function. Mental impairment as the sole manifes-
tation of Chl deficiency was thus not convincingly
established in our patients. When mental impair-
ment occurred, however, it was frequently the most
disabling and dominant neurologic abnormality.

The degree of neurologic dysfunction in our pa-
tients was generally milder than in many earlier
~ series, although a minority was severely disabled
(5, 8, 20, 27, 31, 72, 75). The mean and median
duration of symptoms was also shorter (20, 31, 43,
72}, Nonetheless, a relationship between duration
of symptoms and severity of neuroclogic involve-
ment before treatment was apparent, as has often
been observed by others (10, 20).

A striking finding in this study was the nverse
correlation between degree of anemia and extent of
neurologic impairment. Not only was anemia sig-
nificantly more severe in patients lacking nervous
system damage, but in those affected neurologically
the hematocrit correlated positively with severity
of neurologic dysfunction. Many previous ohservers
have noted a lack of correlation between the he-
matologic and neuropsychiatric manifestations of
Chbl deficiency (17, 21, 31, 40, 43, 46, 54, 88, 91).

Most large series have included few or no patients
who were not anemic; in contrast;he hematocrit
was normal in 27% of our cases. Perhaps because
of the inclusion of these non-anemic episodes, our
findings extend the oft-noted lack of correlation
between the extent of anemia and of nervous system
damage to indicate that there is an inverse relation-
ship, i.e., the higher the hematocrit, the more severe
the neurologic disorder, The explanation for this is
uncertain. It does not appear to be attributable to
an effect of a better folate status on the bone
marrow of the less anemic patients (17, 19, 20, 40,
91). In only 2 episodes did the prior administration
of folic acid result in a hematologic response that
may have been associated with progression of neu-
rologic disease. Furthermore, there was no correla-
tion between serum folate and severity of neurologic
damage. In addition, among the black patients, the
extent of neurclogic involvement did not differ
according to the hospital where care was given,
even though the socioeconomic status of the black
population served by Harlem Hospital has heen
found to be lower than that of their counterparts
at Preshyterian Hospital (81), who might therefore
be expected to have greater access to a diet abun-
dant in folate.

Our observations also suggest that the presence
of nervous system findings in Chl-deficient patients
is not related to the overall severity of deficiency of
the vitamin. Thus, profoundly anemic patients fre-
guently had no neuroclogic signs or symptoins, as
has been noted by previous observers (20, 21, 27,
31, 43), and the mean hematocrit of patients with-
out any evidence of nervous system damage was
significantly lower than that in those with neuro-
logic dysfunction, as was also found by Cox (20).
Other evidence of severe hematologic compromise,
such as higher levels of serum LDH (a reflection
[74) of ineffective hematopoiesis), more severe ma-
crocytosis, and lower leukocyte counts, was seen as
well in the group that was spared neurologically. In
addition, there was no correlation between serum
Chl and the presence or severity of nervous system
disease. Neurologic impairment thus does not ap-
pear only after aneinia as a later stage of deficiency.
Rather, in the majority of patients with nervous
system disease, neurologic complaints were the ini-
tial symptoms, as was observed by Ungley and
Suzman (89). The shorter duration of symptoms in
patients who had anemia without neurologic dys-
function, which has also been noted by others (20,
68), may not indicate a less extended period of
vitamin deficiency, since mild hematologic abnor-
malities typically are present for years hefore symp-
toms related to anemia occur (15, 35, 78, 80). Al-
though comparable impairment of both systems
occurs in a minority of patients, in most it is
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apparent that either neurologic or hematologie dys-
function predominates.

As mentioned, the presence of a normal hema-
tocrit in more than 25% of the episodes of Cbl
deficiency differs from previous large series in the
literature, although presentation without anemia
was reported as early as the nineteenth century
(76), and Greenfield and O'Flynn (33) found that
24% of 45 achlorhydric patients with subacute com-
bined degeneration demonstrated at autepsy be-
tween 1929 and 1932 originally presented with little
or no anemia. Since then many case reports have
appeared drawing attention to patients with pre-
dominantly neurologic dysfunction (7, 17, 34, 42,
43, 46, 49, 54, 87, 91, 98).

Based on our large series of such patients, several
points other than the frequent presence of advanced
disease seem worthy of emphasis. First, the white
count, platelet count, serum LDH and serum bili-
rubin are all typically normal in such patients, since
abnormalities of these tests are usually seen only
in Cbl deficiency with moderate or severe anemia
{17, 58, 84). Second, most nonanemic patients did
have hematologic abnormalities, although often
subtle. In some, the MCV was clearly elevated; in
others, although normal, the MCV fell to a lower
point within the normal range after therapy. Hy-
persegmented neutrophils {often with macro-oval-
ocytes) were demonstrable on the blood smears of
almost all nonanemic patients, although sometimes
in small numbers, so that the abnormalities were
frequently missed on routine examination by the
clinical laboratories of our hospitals.

Third, as emphasized by others (17, 40, 49, 59,
91}, the serum Cbl measurement is an extremely
useful test in detecting Cbl deficiency in patients
with minimal or borderline hematologic abnormal-
ities. However, although the serum Chl was almost
always low in this series, the degree of depression
was often not marked, and serum Cbl concentra-
tions in the range of 100 to 200 pg/ml (75-150
pmol/L) were not unusual even though measured
{as in this series) by eurrent methods which are
free of the technical difficulties noted in some assay
techniques of the 1970s (50). Furthermore, in 2
deficient patients, the serum Cbl level was at the
lower end of the normal range. These patients did
not differ in any apparent respect from the remain-
der who had low serum values of the vitamin. Such
patients may constitute 5% or more of cases of Chl
deficiency (59}, and the clinician must be aware
that the syndrome of lack of Cbl, with either pre-
dominant neurclogic or hematologic abnormalities,
may occur in the absence of a depressed serum Cbl
concentration. We have presented evidence else-
where that measurement of serum methylmalonie
acid and total homocysteine levels are useful in

.
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demonstrating the presence of Chl deficiency in
patients with slightly depressed or low normal
serum Cbl concentrations and neurologic abnor-
malities consistent with deficiency (58). Alterna-
tively, a therapeutic trial with vitamin Cbl and
subsequent close clinical follow-up is always worthy
of consideration in such patients.

Whether genetic or environmental factors deter-
mine the predominant organ system failure in a
given patient is unclear. The finding that hispanic
patients had both a lower incidence and severity of
neurologic disease is consistent with either possi-
bility and could also be disease-related, in view of
their high incidence of tropical sprue. The concept
that Chl deficiency may predominantly affect either
the nervous system or the bone marrow with little |
or no involvement of the other organ is consistent |
with other observations. In monkeys, fruit bats and
pigs, deficiency of Chl or its inactivation causes a
severe neurologic disorder without any associated
hematologic abnormalities (4, 32, 66, 82, 92). In
humans, inactivation of Chl by acute continuous
exposure to nifrous oxide for many hours results in
cytopenias and megaloblastic bone marrow changes
without apparent damage to the nervous system
(6}, while prolonged low-grade exposure for many
months or years causes severe neurologic impair-
ment without anemia (55). The reasons for these
differences in organ susceptibility are obscure. Nor
is it understood why men predominate among pa-
tients who develop optic nerve dysfunction due to
Cbl deficiency; 39 (80%) of 49 reported patients
with this complication, including our case, were
males (1, 9, 12, 26, 29, 30, 37, 42, 48, 49, 53, 56, 69,
70).

A striking feature of our patients was the high
degree of responsiveness to Cbl therapy. In nearly
half, there was complete resclution of all signs and
symptoms, and most of the remainder showed more
than 50% improvement over their pretreatment
status. Although other observers have emphasized
the responsiveness of neurclogic symptoms and
signs to treatment (10, 44, 75, 88), the extent of
reversibility noted in our patients was even greater
than in previous series, This is most likely a reflec-
tion of the generally shorter duration of symptoms
and lesser degree of neurologic damage in our pa-
tients. Indeed, the strongest predictors of post-
treatment residual damage were pretreatment se-
verity and duration of symptoms (Figs. 3 and 4).
Previous workers have noted similar findings, es-
pecially with regard to the importance of symptom
duration (10, 18, 27, 43, 44, 67, 75, 88, 96).

We would also emphasize that although the ef-
fects of various factors such as symptom duration
and hematocrit on neurologic impairment were
found to be highly significant statistically, tremen-
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-dous interpatient variability in the severity of neu-
rologic dysfunction before and after treatment was
evident (Fig. 3), most of which remains poorly
understood.

Many observers have noted that with adequate
treatment with vitamin Bjs (or highly potent liver
extract preparations), the neurologic damage never
worsens with therapy (10, 17, 18, 43, 44}, Our
observations are in full agreement with this gener-
alization, as it applies to the long-term effects of
treatment. An interesting finding, however, was the
apparent exacerbation of the neurologic disorders
of 4 patients during the first days or weeks after
cyanocobalamin injections were given. These pa-
tients were carefully evaluated and closely followed
before and after treatment and the transient exac-
erbations appeared to be real, although we have no
explanation for them. None of them received folic
acid. Single cases with similar exacerbations have
previously been reported (18, 39, 42).

Summary

We reviewed 153 episodes of cobalamin defi-
ciency involving the nervous system that occurred
in 143 patients seen over a recent 17-year period at
2 New York City hospitals. Pernicious anemia was
the most common underlying cause of the defi-
ciency.

Neurologic complaints, most commonly parves-
thesias or ataxia, were the first symptoms of Chl
deficiency in most episodes. The median duration
of symptoms before diagnosis and treatment with
vitamin B, was 4 months, although long delays in
diagnosis occurred in some patients. Diminished
vibratory sensation and proprioception in the lower
extremities were the most common objective find-
ings. A wide variety of neurologic symptoms and
signs were encountered, however, including ataxia,
loss of cutaneous sensation, muscle weakness, di-
minished or hyperactive reflexes, spasticity, urinary
or fecal incontinence, orthostatic hypotension, loss
of vision, dementia, psychoses, and disturbances of
mood. Multiple neurologic syndromes were often
seen in a single patient.

In 42 (27.4%) of the 153 episodes, the hematocrit
was normal, and in 31 (23.0%), the mean corpus-
cular volume was normal, Neutropenia and throm-
bocytopenia were unusual even in anemic patients.
In nonanemic patients in whom diagnosis wag de-
layed, neurologic progression frequently occurred
although the hematocrit remained normal. In 27
_ episodes, the serum cobalamin contentration was
only moderately decreased (in the range of 100-200
pg/ml) and in 2 the serum level was normal.

Neurologic impairment, as assessed by a quanti-

tative severity score, was judged to be mild in 99
episodes, moderate in 39 and severe in 15. Severity
of neurologic dysfunction before treatment was
clearly related to the duration of symptoms prior
to diagnosis. In addition, the hematocrit correlated
significantly with severity, independent of the
longer duration of symptoms in nonanemic pa-
tients.

Four patients experienced transient neurologic
exacerbations soon after beginning treatment with
cyanocobalamin, with subsequent recovery. Follow-
up evaluation was adequate to assess the neurologic
response to vitamin Bi, therapy in 121 episodes.
All patients responded, and in 57 {47.1%), recovery
was complete, with no remaining symptoms or find-
ings on examination. The severity score was re-
duced by 50% or greater after treatment in 91% of
the episodes. Residual Jong-term moderate or severe
neurologic disability was noted following only 7
(6.3%) episodes.

The extent of neurclogic involvement after treat-
ment was strongly related to that before therapy as
well as to the duration of symptoms. The percent
improvement over baseline neurologic status after
treatment was inversely related to duration of
symptoms and hematocrit. Some evidence of re-
sponse was always seen during the first 3 months
of treatment.

The 143 patients with nervous system disorders
were compared with 180 patients with Cbl defi-
ciency seen during the same period without neuro-
logic manifestations. In the group lacking neuro-
logic dysfunction, anemia was more severe even
though the duration of symptoms was shorter, His-
panic patients with Cbl deficiency were less likely
to develop nervous system damage than whites or
blacks.

We conclude that the neurologic disorders due to
Cbl deficiency encountered in current clinical prac-
tice are generally less severe than in the past and
are highly responsive to therapy, although most
patients have some residual abnormalities. Early
diagnosis and treatment remain important in pre-
venting permanent damage. Patients without ane-
mia or MCV elevations are commonly seen and
tend to have more severe nervous system involve-
ment. The reasons for the predominance of neuro-
logic or hematologic dysfunction in individual pa-
tient (or ethnic groups) remain uncertain.
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