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A 70-year-old man with lower-
extremity weakness and falls

70-YEAR-OLD MAN presented to the emergency
Adepartment with lower-extremity weakness. He
reported multiple falls over the previous 3 weeks.
Four days before presentation, he had a fall that he
attributed to weakness and pain in his right leg, result-
ing in injury to his right foot. He required a neighbor
to help him up to a chair after that fall. Since that
fall, however, his right foot felt “unstable” and he had
resorted to crawling around his apartment to perform
daily activities because of his foot pain. The ongoing
pain prompted him to call emergency medical services,
and he was brought to our emergency department.

On presentation, the patient denied chest pain,
shortness of breath, headaches, loss of consciousness,
cough, blurry vision, nausea, or vomiting.

His medical history included a 100-pack-year smok-
ing history (1.5 packs per day), hypertension, paranoid
schizophrenia, and emphysema (confirmed previously
on imaging). His current medications were amlodip-
ine, aspirin, fluphenazine injection every 2 weeks,
doxepin, benztropine, gabapentin, umeclidinium, and
vilanterol.

[ INITIAL EVALUATION

In the emergency department, the patient’s tempera-
ture was 98.7°F (36.7°C), heart rate 66 beats per min-
ute, blood pressure 130/68 mm Hg, respiratory rate
16 breaths per minute, and oxygen saturation 98%
on room air, and he weighed 182 pounds (body mass
index 25.41 kg/m?).

On physical examination, the patient was thin,
disheveled, and in mild distress due to his foot pain.
He was alert and oriented, providing brief answers
when prompted. Heart and lung examinations were
unremarkable aside from diminished breath sounds.
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His abdomen was nondistended and nontender with
normal bowel sounds.

Skin examination revealed numerous abrasions in
various stages of healing on the dorsal surfaces of the
toes on both feet, both knees, the right elbow, and the
buttocks. There was prominent erythema with ecchy-
moses over the middle of the right foot and lateral
malleolus and on the plantar surface. His right foot
and ankle were tender when palpated.

Limited neurologic examination found that the
right leg drifted toward the bed during hip extension,
while left leg and ankle strength were intact. Sensa-
tion was intact to light touch in both lower extremi-
ties; the upper extremities were not assessed.

Laboratory results from the emergency depart-
ment (Table 1) revealed hyponatremia, with serum
sodium concentration of 126 mmol/L (reference

range 135-145).

M DIFFERENTIAL DIAGNOSIS OF HYPONATREMIA

Based on the laboratory results alone, what is
the most probable cause of hyponatremia in our
patient!

[] Syndrome of inappropriate antidiuretic hormone
secretion

(] Hypovolemia

[] Low salt intake

[J Polydipsia

The patient’s laboratory results suggested overall
volume depletion (hypovolemia). Both the serum
osmolality and serum sodium were low, confirming
true hypo-osmolar hyponatremia.! Additionally, the
urine osmolality was greater than 100 mOsm/kg, a
value that indicates functioning antidiuretic hor-
mone when present with normal renal function; this
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TABLE 1
Laboratory test results

Value from emergency

Value from 4 months

Test department? earlier® Reference range
Basic metabolic panel
Sodium 126 mmol/L 132 135-145
Potassium 3.8 mmol/L 4.4 3.5-5
Chloride 88 mmol/L 100 98-107
Carbon dioxide 26 mmol/L 26 21-31
Blood urea nitrogen 19 mg/dL 14 7-25
Creatinine 0.74 mg/dL 1.12 0.70-1.30
Glucose 98 mg/dL 102 70-99
Serum osmolality 262 mOsm/kg 275-295
Urine osmolality 429 mOsm/kg 50-1,400
Urine sodium 19 mmol/L 15-220
Complete blood cell count
White blood cells 15.0 x 10°/L 12.8 45-11.5
Red blood cells 4.32 x 10"/L 5 45-5.9
Hemoglobin 13.6 g/dL 15.5 13.9-16.3
Hematocrit 38.4% 45.2% 41%-53%
Mean corpuscular volume 89 fL 90.4 80-100
Mean corpuscular hemoglobin 31.4 pg/cell 31 26-34
Mean corppscular hemoglobin 35.4 g/dL 343 32.0-35.9
concentration
Platelet count 322 x 10°/L 299 150-400
Red cell distribution width— 14.6% 15% 11.5%-14.5%
coefficient of variation
20ut-of-range results are shown in bold.
hormone plays a crucial role in osmoregulation by tive serotonin reuptake inhibitors, and first-

acting on vasopressin V2 receptors in renal collect-
ing ducts to promote water reabsorption, leading to
concentrated urine (> 100 mOsm/kg) in response
to increased serum tonicity.”* The patient’s urine
sodium of 19 mmol/L (< 30 mmol/L suggests low
effective arterial volume) indicated that volume
depletion triggered baroreceptors to activate the
renin-angiotensin-aldosterone system, prompting
the retention of sodium and water.'™

Syndrome of inappropriate antidiuretic
hormone secretion is characterized by nonos-
motic, unregulated release of antidiuretic hor-
mone in a euvolemic patient, and can be caused
by pain; malignancies like small cell lung cancer;
or medications such as carbamazepine, selec-
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generation antipsychotics like fluphenazine, which
our patient was taking.” In patients with syndrome
of inappropriate antidiuretic hormone secretion,
urine sodium concentration is typically elevated due
to suppressed renin-angiotensin-aldosterone system
activity. The presence of a low urine sodium in our
patient argued against isolated syndrome of inappro-
priate antidiuretic hormone secretion as the primary
etiology of his hyponatremia.

The effects of low salt intake can resemble hypo-
volemia. Inadequate consumption of sodium and
potassium, both of which are needed to maintain the
gradient for sodium homeostasis, can lead to hypo-
natremia. Patients with poor solute intake classically
have a urine osmolality of less than 100 mOsm/kg,
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indicating an appropriate suppression of antidiuretic
hormone activity.* In contrast, our patient’s urine
osmolality of 429 mOsm/kg made low salt intake an
unlikely contributor.!

Primary polydipsia leading to excessive fluid
intake causes hyponatremia by diluting serum sodium
and may occur in the setting of a psychiatric disease
like schizophrenia.’ Patients will typically present with
euvolemic hyponatremia with low urine osmolality
due to suppressed antidiuretic hormone. Our patient’s
urine osmolality was within range, which does not
meet the criteria for polydipsia.'

Accurately evaluating hyponatremia requires both
laboratory data and a focused history and physical exam-
ination. When examined, our patient had dry mucosa
and positive orthostatic vital signs, with a blood pres-
sure decrease from 154/76 mm Hg to 104/60 mm Hg
on standing. His serum sodium level initially improved
with intravenous hydration but failed to completely
normalize. Subsequent free water restriction resulted
in further hyponatremia correction. Taken together,
these findings supported a diagnosis of initial hypo-
volemic hyponatremia with a concurrent underlying
component of syndrome of inappropriate antidiuretic
hormone secretion, at least partially due to medication
use and pain.

I CASE CONTINUED: IMAGING REVEALS MORE CLUES

Head computed tomography without contrast revealed
no acute intracranial abnormalities. Computed
tomography of the right foot showed 11 acute midfoot
fractures.

Orthopedic surgery was consulted and determined
that surgical intervention was not necessary because
the fractures were appropriately aligned. A short leg
splint was applied, and the patient was instructed to
not bear weight on his right lower leg.

Our patient was admitted for physical therapy
assessment and pain management. The next day he
reported sensory changes in his right foot, which he
described as a numbness from his toes to hindfoot.
Orthopedic surgery was reconsulted to consider a neu-
rovascular complication of the multiple fractures and
to ensure a secure fit of the short leg splint.

Our patient had persistent neutrophil-predominant
leukocytosis, and after he was seen coughing, a
chest radiograph was ordered. Radiography revealed
an 8-cm apical mass in the right lung (Figure 1,
red arrow), and chest computed tomography con-
firmed the mass was a Pancoast tumor.

Figure 1. Portable chest radiograph showing an
8-cm apical mass in the patient’s right lung (red
arrow).

Given the Pancoast tumor confirmed on chest im-
aging, which of the following would you expect to
find on a physical examination?

[] Right-sided ptosis that improves with ice-pack
placement

(] Left-sided ptosis

(] Wheezing

[] Excessive constriction of the right pupil

Constriction of the right pupil (miosis) would be the
expected physical examination finding. Pancoast tumors
are apical lung neoplasms, most commonly non—small
cell lung carcinoma.®’ Lesions in this area of the lung
have classic clinical manifestations, often starting with
shoulder pain due to the tumor invading the brachial
plexus, parietal pleura, adjacent vertebral bodies, or
upper ribs.3? Tumors that invade the sympathetic chain
over the lung apex cause Horner syndrome, and patients
will display ipsilateral ptosis (on the right side in the
case of our patient), miosis, and anhidrosis.>”

Patients presenting with ptosis and a positive
ice-pack test are likely to have myasthenia gravis.
The lower temperature from the ice pack enhances
neuromuscular transmission and improves muscle
function, allowing ptosis to improve after 2 to 5 min-
utes of application.!®!! However, our patient’s ptosis
was due to Horner syndrome rather than myasthenia
gravis.

Though this patient might have wheezing, an api-
cal mass should prompt clinicians to think of other
physical diagnostic findings.
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TABLE 2

Results of the patient’s neurologic examination

Score

Examination Right side

Left side

Muscle strength?
Deltoid
Biceps
Triceps
Hand
Hip flexion
Knee extension
Knee flexion

Dorsiflexion

O O O o N B~ Ul U1 U,

Plantarflexion

o o o o v Ul Ul Ul U

Extremity sensation

Light touch Lower: absent up to midthigh
Upper: intact
Vibration Lower: absent below knee

Upper: intact

Joint position
Upper: intact

Temperature Lower and upper: intact
Reflexes®

Biceps 2

Triceps 2

Brachioradialis 1

Patellar 0

Lower: absent below knee

Lower: absent up to knee
Upper: intact

Lower: absent below knee
Upper: intact

Lower: absent below knee
Upper: intact

Lower and upper: intact

2
2
2
Trace

Lower: diminished
Upper: normal

Extremity tone

Lower: diminished
Upper: normal

Babinski sign Absent

Absent

2Graded on a scale from 0 (no muscle activation) to 5 (full range of motion).

®Graded on a scale from 0 (no reflexes) to 4 (hyperreflexia), with a score of 2 indicating normal reflexes.

On physical examination, our patient exhibited
miosis and ptosis on his right side, consistent with
Horner syndrome. The muscles in his right hand were
atrophied, and his thenar and hypothenar muscles
showed wasting. His right-hand grip strength was 4
of 5. Tumor extension into the brachial plexus with
impingement of the C8 and T1 nerve roots can mimic
thoracic outlet syndrome (Figure 1), and is known as
Pancoast syndrome.’
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I CASE CONTINUED: NUMBNESS PERSISTS,
NEW WEAKNESS DEVELOPS

Our patient reported ongoing numbness and new
weakness in all toes on his right foot. A repeat com-
puted tomographic scan of his foot showed the known
fractures without other etiology for weakness. He
denied pain or paresthesia.

A detailed neurologic examination was performed
(Table 2), which found asymmetric proximal and
distal weakness with diminished tone and sensory
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deficits in his right and left lower extremities. Right
patellar and right brachioradial reflexes were absent; a
diminished, trace reflex was noted at the left patella.

What neurologic process is most likely the cause
of the patient’s sensory symptoms’

] Upper motor neuron lesion

[] Neuromuscular junction disease
[] Polyneuropathy

[] Polyradiculopathy

Polyradiculopathy, resulting from multiple nerve
root and peripheral nerve distribution involvement,
was the most likely cause of our patient’s asymmetric
weakness with sensory deficits and loss of reflexes.
Damage to multiple nerve roots leads to asymmetric,
patchy sensory and motor deficits that follow derma-
tomal and myotomal distributions.!*”!7 Patients typ-
ically present with radicular-type pain, focal sensory
loss, weakness along the affected nerve roots, and
areflexia.

In clinical practice, the most common radiculop-
athy sites are within the cervical and lumbosacral
spine segments, often secondary to degenerative disc
disease and spinal stenosis.!>!” Other causes include
inflammation and infection—human immunodefi-
ciency virus, cytomegalovirus, Lyme disease, and dia-
betes being the most common. Metastatic malignant
infiltration of nerve roots can also present this way.

Polyneuropathy, including acute inflammatory
demyelinating polyneuropathies like Guillain-Barré
syndrome, can cause a clinical picture similar to poly-
radiculopathy because it involves both the nerve roots
and peripheral nerves, but it often differs in both pat-
tern and pathophysiology.'®! Patients will typically
have symmetric, length-dependent (“stocking-glove”)
sensory loss, often accompanied by burning or tin-
gling pain. The classic disease course is a progres-
sive ascending weakness with distal areflexia before
proximal reflex changes are seen.!®% Polyneuropathy
is commonly caused by diabetes, alcohol use, and
B, deficiency.'® The focal, asymmetric, and root-level
distribution of symptoms in our patient, along with
proximal involvement and rapid progression, argued
against polyneuropathy as the primary etiology.

Upper motor neuron injury occurs when there
is damage to the proximal tracts involved in volun-
tary movement (often called pyramidal tracts). Upper
motor neuron lesions can be caused by brain tumors,
strokes, demyelinating disease, or transverse myelitis.
Unlike the flaccid paresis and diminished reflexes of
polyradiculopathy, acute upper motor neuron lesions

Figure 2. Xanthochromic cerebrospinal fluid in all
4 tubes.

result in spasticity, hyperreflexia, and a positive
Babinski sign.!*1¢

Neuromuscular junction disorders are conditions
that impair communication between motor neurons
and muscle fibers, resulting in motor deficiencies with
preserved sensation. The most common autoimmune
types are myasthenia gravis, caused by autoantibod-
ies against muscle acetylcholine nicotinic receptors,
and Lambert-Eaton myasthenic syndrome, caused by
autoantibodies against presynaptic voltage-gated cal-
cium channels.?*? Myasthenia gravis causes muscles
to become weaker with use, while Lambert-Eaton
myasthenic syndrome symptoms will improve with
use. This was an unlikely diagnosis in our patient
given his sensory symptoms.

I CASE CONTINUED: A NEW DIFFERENTIAL
DIAGNOSIS CONSIDERED

With a clinical picture of multilevel, asymmetric
weakness, sensory loss, and absence of reflexes, an
urgent workup was indicated. Our differential diag-
nosis included a demyelinating process, a polyneuro-
pathic process, or compressive disease resulting from
malignancy. A lumbar puncture was performed, and
spinal magnetic resonance imaging was ordered.

Cerebrospinal fluid analysis

The patient’s cerebrospinal fluid was a deep yel-
low color (xanthochromic) from tube 1 to tube 4
(Figure 2). Analysis showed an initial red blood cell
count of 6,000 cells/uL (reference range 0), which
was consistent through tube 4. Although inadvertent
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Figure 3. (A) Sagittal section magnetic resonance image of the patient’s cervical and thoracic spine. A large
right apical and upper mediastinal soft tissue mass extends posteromedially into the prevertebral soft tissues
and T1 to T4 vertebrae (yellow arrow). The soft tissue mass also extends into the right epidural space at

T1 to T2, and further extends into the subdural space from T2 to T4 (red arrow), causing severe leftward
displacement and compression of the spinal cord. (B) Sagittal section magnetic resonance image of the
thoracic, lumbar, and sacral spine. There is grade 2 anterolisthesis of the L5 vertebra over the S1 vertebra,
along with an L5 pars defect (yellow asterisk). Enhancing soft tissue nodules along the surface of the distal
spinal cord and cauda equina are consistent with drop metastases and leptomeningeal carcinomatosis (red
arrows). An incidental Tarlov cyst at the S3 level (blue arrow) was also found.

bleeding caused by the needle was initially consid-
ered, the persistence of xanthochromia and stable red
blood cell counts across sequential tubes made this less
likely. Additional studies revealed an elevated protein
concentration of greater than 2,000 mg/dL (reference
range 15-60), an elevated white blood cell count of
211 cells/uL (0-5) on tube 4, and a glucose level of
17 mg/dL (50-80). No organisms were identified on
Gram stain.

The combination of elevated protein, pleocytosis,
and low glucose in the absence of identifiable infec-
tious signs raised concern for leptomeningeal disease.
Guillain-Barré syndrome was ruled out as it is char-
acterized by albuminocytologic dissociation (elevated
protein with a normal or minimally elevated white
blood cell count), which was not observed in this case.

Our patient began to have increased confusion
and was no longer consistently following commands.
He was found to have a distended bladder due to uri-
nary retention, and the sensation loss in both lower
extremities had progressed.

414 CLEVELAND CLINIC JOURNAL OF MEDICINE ~ VOLUME 93 ¢ NUMBER 7

Magnetic resonance imaging results

Magnetic resonance imaging of the patient’s cervical,
thoracic, and lumbar spine revealed a large soft tis-
sue mass in the apex of the right lung that extended
into the epidural and subdural spaces from T1 to T4
(Figure 3A), as well as numerous soft tissue nodules
along the surface of the distal spinal cord and cauda
equina (Figure 3B). These findings were consistent
with leptomeningeal carcinomatosis, also known as
carcinomatous meningitis or leptomeningeal disease.

M LEPTOMENINGEAL DISEASE: A SURPRISING
CAUSE OF WEAKNESS

Leptomeningeal disease is caused by dissemination
of malignant cells into the arachnoid mater and pia
mater, known as the leptomeninges.”> Once malignant
cells infiltrate the leptomeninges, they can spread
through the subarachnoid space, seeding distant sites
along the neuraxis.

Malignant cells can gain access to the central ner-
vous system via hematogenous spread, direct extension
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TABLE 3

Physical diagnostic clues of conditions that can cause muscle weakness

Condition

Key features

Effect on reflexes

Clinical findings

Leptomeningeal disease

Cauda equina

Conus medullaris

Horner syndrome

Neurogenic thoracic

outlet syndrome

po|yneuropathy

Multilevel neuraxial nerve
roots involved, leading to
asymmetric weakness

May have hyperreflexia with
eventual loss of reflexes due
to ongoing compression of
nerve roots

With or without radicular pain

caused by 2 or more
nerve roots (L2—sacrum,
lumbosacral nerve roots)

which ultimately leads to loss
of tone and areflexia

Gradual, unilateral onset

Saddle numbness (53-S5) with or without lower-
extremity sensory deficits

Symmetric weakness

with prominent sphincter
dysfunction and flaccid
bladder and rectum
paralysis (L1-L2; sacral cord
segment and roots)

ankles with distal paresis and
fasciculation

Sudden, bilateral onset

Mixed upper motor neuron and lower motor
neuron signs

Perianal numbness with or without sexual deficits
or impotence

Leg weakness is mild

Anhidrosis from ipsilateral sympathetic nerve
injury

atrophy with or without
grip weakness or finger
abduction

With or without upper-extremity sensory deficits
May have positive Spurling test®

Consider Adson maneuver® to ensure arterial
sufficiency and Pemberton sign© to rule out
superior vena cava compression

distribution

reflexes

Paresthesia and pain that can be followed by
ataxia

Decreased sensation

Consider testing for anti-Hu, anti-CRMP5, and
antiamphiphysin antibodies

2Position the head of the seated patient by extending the neck, rotating it to the affected side, and tilting the head to the same side. The test is positive if
applying downward pressure on the top of the head elicits radicular pain.

®Radial pulse is lost when the patient rotates their head to the affected side and takes a deep breath.
<The patient lifts both arms overhead with forearms touching the side of the face for about 1 minute and the clinician observes for any of the following positive

signs: facial congestion, cyanosis, or respiratory distress.

from a brain tumor; vertebral, subdural, or epidural
metastasis; or retrograde invasion along nerve roots to
the subarachnoid space.”?* In our patient, the access
was direct extension from the Pancoast tumor.
Diagnosis can be confirmed with imaging and
clinical findings or with cerebrospinal fluid cytology,
which has a high specificity (100%) but low sensitiv-
ity (39%),% revealing malignant cells. Our patient’s
cytology, however, was negative for malignant cells.
Patients with leptomeningeal disease develop symp-
toms over days to weeks that are characterized by

CLEVELAND CLINIC JOURNAL OF MEDICINE

Based on information from reference 27.

multilevel neuraxial involvement. Combinations of
lumbar and cervical radiculopathies, cranial neurop-
athies, seizures, confusion, and encephalopathy may
be present.

In aseries of 150 patients with solid tumor leptome-
ningeal disease, the most common presenting signs
and symptoms were headache, nausea and vomiting,
and lower-extremity weakness,? often affecting 2 to 3
different nerve roots.”** Our patient had thoracic and
cervical metastatic disease, which accounted for his
weakness and asymmetric sensory deficits.
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Cauda equina syndrome

The patient’s sensory loss and lower-extremity weak-
ness along with new-onset urinary retention was also
consistent with cauda equina syndrome, which occurs
when 2 or more nerve roots lose function.?”*® Clin-
ical deficits are commonly asymmetric, and patients
may experience pain and weakness in 1 or both legs.
Bladder and rectal sphincter paralysis is considered
diagnostic. Patients may experience sensory loss in
the dermatomal distribution of the affected nerve
roots, most commonly saddle numbness from the
inner thighs to the perineum and external genitalia.

I CASE CONCLUSION AND REFLECTION

Our patient deteriorated rapidly. A goals-of-care dis-
cussion was held with the patient and his family, after
which he was transitioned to hospice care. He died
less than 2 weeks later.

This case is a stark example of how a previously
undiagnosed malignancy can be rapidly progressive
and life-threatening. Our patient presented with
acute foot fractures and within days was found to
have disseminated metastatic disease. The systemic
sequelae of his disease were extensive, with multilevel
compressive radiculopathies that included Pancoast
syndrome and cauda equina syndrome. His imaging
results revealed a significant disease burden, indi-
cating that the patient had likely been experiencing
sensory changes, pain, and weakness for months.

Table 3 lists presenting signs and physical exam-
ination findings that can help clinicians approach
a complaint of weakness, including some of the
radiculopathies seen in our patient, and the physi-
cal diagnostic assessments that can be made at the

bedside.?’

Opportunities to reduce diagnostic delay

From presentation to diagnosis, there were 3 possi-
ble inflection points where the diagnosis might have
been made earlier.”’

The first was that the patient’s chief complaint
of lower-extremity weakness was not fully interro-
gated, which is not uncommon. Patients presenting
with nonspecific complaints such as “weakness”
and “falling” have an increased risk of worse clini-
cal outcomes.*® These common complaints in the
emergency department may precede vastly dissimilar
diagnoses, ranging from benign to life-threatening. In
our patient’s case, the traumatic injuries he sustained
were initially misinterpreted as the primary cause of
his weakness, rather than a consequence of an under-
lying neurologic process.

416 CLEVELAND CLINIC JOURNAL OF MEDICINE ~ VOLUME 93 ¢ NUMBER 7

The second inflection point was the role the fol-
lowing cognitive biases played to obscure the diagnos-
tic process.’™?

Premature closure is when the clinician stops
asking questions once a diagnosis is made, even when
certain data do not fit. In our patient’s case, having
11 acute fractures in a single foot from a fall is not usual,
but an underlying mechanism was not investigated.

Anchoring bias leads a clinician to rely too heavily
on an early piece of information, such that all other
data are interpreted in relation to it. Our patient’s
foot fractures were interpreted as the cause of both his
pain and weakness as well as the developing sensory
changes.

Framing effect is interpreting data by how it is pre-
sented. Our patient was admitted as needing a reha-
bilitation facility for his acute fractures. This framing
may have kept the care team from actively question-
ing the underlying etiology of the fractures and asking
more about his chief complaint of weakness.

The final, and possibly most critical, opportunity
was eliciting a more comprehensive history and phys-
ical examination.”** As our patient was a limited
historian, an objective neurologic examination look-
ing for true muscle weakness was even more crucial
to reveal key findings that localized the lesion. It is
telling that our patient had multiple imaging studies
performed, but it was not until he was examined thor-
oughly at the bedside that the differential diagnosis
was appropriately broadened.*

I TAKE-HOME POINTS

e Weakness and falls are common concerns in the
emergency department. As these concerns are
nonspecific, clinicians should ensure they broaden
their differential diagnoses and consider this “can’t
miss” entity.

e Patients presenting with new or worsening weak-
ness should be urgently evaluated at the bedside
for true weakness and any other localizing lesion.

¢ Diagnostic delays can occur when cognitive biases
and diagnostic momentum interfere with interpre-
tation of patient complaints.

¢ Bedside physical examination skills are essential
for accurate and timely diagnosis. |
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