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In this series, a clinician extemporaneously discusses the
diagnostic approach (regular text) to sequentially presented
clinical information (bold). Additional commentary on the
diagnostic reasoning process (italics) is integrated throughout
the discussion.

A 57-year-old male smoker with no significant medical
history was admitted to the neurology service with a 3-
week history of bilateral lower extremity numbness, burn-
ing pain, and ataxia.

The description suggests a subacute (less than 1 month)
onset of peripheral neuropathy, although the nature of bilateral
lower extremity symptoms may also refer to spinal cord or
parasagittal region pathology. Many peripheral neuropathies
result in both sensory and motor deficits, so additional history
and examination will help reveal whether he is weak. Ataxia
can also be due to cerebellar, cortical, and basal ganglia
pathology, so further exploration of ataxia will need to relate
this finding to peripheral neuropathy. The first goal in evalu-
ation is to further characterize the neurologic deficits in order
to narrow a broad differential diagnosis.

An early step in the process of clinical reasoning is problem
representation, the creation of a brief mental summary
highlighting the key points of the case.1 This allows the phy-
sician to process the information received to create a focused
differential diagnosis. Problem representation uses semantic
modifiers, descriptive characteristics that define a clinical

presentation in general terms. These can include modifiable
and non-modifiable risk factors, time course, and presenting
symptoms. Examples of semantic modifiers are young versus
elderly or acute versus chronic. Other key pieces of informa-
tion may also be included, such as history of smoking, since it
may help consider illnesses that are more common in smokers.
The symptoms can be categorized based on the description; in
this case the numbness and pain are consistent with sensory
neuropathy, but the clinician has not heard of any motor
problems yet. Before adding another semantic modifier, the
clinician asks for more information. Additional data can fur-
ther categorize the neuropathy as sensory, motor, or sensori-
motor, and thus increase the specificity of the problem repre-
sentation. Generating a problem representation will enable
the clinician to develop initial hypotheses and compare them
to illness scripts from previously acquired knowledge and
experience. Illness scripts, which constitute a mental summary
of a disease, include predisposing conditions, pathophysiolo-
gy, symptoms, physical exam findings, and other important
information. The clinician compares the hypothesis with the
illness scripts to see if they fit, may ask for additional infor-
mation, or may add possibilities in the differential diagnosis.
In this case, the clinician recognizes that ataxia may be a
symptom of peripheral neuropathy, but more information is
needed to evaluate additional possibilities.

The numbness and burning pain originated in the
patient's feet and progressively ascended to his abdomen,
mid-chest, and upper limbs. He gradually developed diffi-
culty walking and complained of falling to the right side.
He denied preceding viral illness, vision changes, bowel or
bladder incontinence, or weakness. He denied fever,
weight loss, night sweats, cough, shortness of breath, chest
pain, vomiting, diarrhea, or rashes. He was previously
healthy, did not take any medications or supplements,
and had no allergies. He smoked one pack of cigarettes
daily for 30 years, drank two beers daily, and occasionally
used marijuana. He was monogamous with his wife. His
parents and children were healthy.

The additional details suggest a sensory deficit that is sym-
metric and ascended from the distal lower extremities to the
trunk and upper extremities over a 3-week period. Falling to
the right side is not explained by sensory deficits alone, and
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suggests that the report of Bno weakness^may not be accurate.
Ascending neurologic deficits raise the possibility of a form of
Guillain-Barré syndrome (GBS), although weakness is the
most common presenting symptom with this disorder, and
presentation with mainly sensory deficits would be unusual.

Predominantly sensory neuropathies include those caused
by diabetes, infections (HIV, leprosy), toxins, medications,
vitamin deficiencies (thiamine, B12, vitamin E), vasculitis,
monoclonal gammopathies, brain lesions (lacunar infarcts,
thalamic lesions, syringomyelia), and paraneoplastic syn-
dromes. Diabetic peripheral neuropathy does not advance this
quickly. The history does not suggest significant risk for
nutritional deficiency or vasculitis. Smoking places him at risk
for malignancy, although he has not experienced weight loss
or new pulmonary symptoms. A careful systemic and neuro-
logic examination will confirm the neurologic symptoms and
help narrow the differential diagnosis.

The additional information helps the clinician develop a
more specific differential diagnosis. Based on the symptoms
described, the clinician characterizes the patient’s symptoms
as predominately sensory neuropathy, rapidly progressing,
and acknowledges the history of smoking, which is a risk
factor for malignancy. Time course is important in helping to
narrow the differential diagnosis. A careful neurologic exam-
ination will allow confirmation of the patient’s history and
better localize the anatomical areas involved. Using this in-
formation, the clinician generates initial hypotheses and sug-
gests additional tests for further evaluation.

The patient's temperature was 36.9 °C, heart rate 77
beats per minute, respiratory rate 20 breaths per minute,
and blood pressure 161/92 mm/Hg. He appeared thin,
well-nourished, with a normal mental status. He exhibited
broad-based gait with positive Romberg test. His cerebel-
lar exam was normal. Pronator drift, jaw jerk reflex, and
finger taps were not performed. He had decreased light
touch and pinprick sensation in the lower extremities ex-
tending to the chest, hands, and forearms. Facial sensation
was intact. His motor strength was 5/5 throughout. He had
absent bilateral Achilles, patellar, and biceps reflexes. Cra-
nial nerve exam was normal. The rest of the physical exam
was normal.

The positive Romberg test indicates either posterior column
disease or peripheral sensory neuropathy. The sensory find-
ings on exam are consistent with an extensive peripheral
neuropathy that involves all extremities and the trunk. His
strength is normal, which suggests falling to one side and
ataxia are due to sensory deficits alone, and argues against
GBS, although the ascending nature of the deficits remains
suggestive. Miller-Fisher syndrome, a variant of GBS, pre-
sents with acute ataxia, areflexia, and ophthalmoparesis. He is
manifesting two of the three features, but the absence of

cranial nerve findings argues against this. The absent reflexes
are consistent with disruption of the reflex arc, presumably the
afferent limb due to acute proprioceptive loss.

The neurologic lesion appears to involve peripheral sensory
nerves while sparing motor function, suggesting that imaging
of the brain and spinal cord are unlikely to lead to a diagnosis.
Because GBS is a consideration, albeit with atypical features,
it is reasonable to perform a lumbar puncture (LP) and also
obtain electromyography (EMG) and nerve conduction stud-
ies (NCS) to further characterize the neuropathy.

The clinician continues to test the hypotheses against the
illness scripts for the proposed etiologies. The exam confirms
a sensory-predominant neuropathy. Through processing of the
history and exam, the clinician narrows the differential and
points out that imaging of the brain and spinal cord is unlikely
to be useful in identifying a correct diagnosis, but emphasizes
the importance of expedited LP and EMG/NCS to rule out a
diagnosis of GBS. It is important to recognize that while the
clinician starts to prioritize testing and narrow the differential,
he or she recognizes that atypical presentations of specific
illnesses may not be consistent with the Bclassic^ manifesta-
tions of his or her illness scripts, and does not exclude those
possibilities. The clinician suggests further tests to support the
proposed diagnoses and to look for clues of other diseases.

On laboratory testing, serum sodium level was 130 mM/
L. The hemoglobin A1c, vitamin B12, thiamine, TSH,
complete blood count, and metabolic panel were all within
normal limits. The urine specific gravity was 1.009. Cere-
brospinal fluid (CSF) analysis showed glucose of 63 mg/
dL, protein 198 mg/dL, white blood cell (WBC) count 12
cells/cm with 80% lymphocytes, and 0 red blood cells
(RBCs). CSF culture was negative. Brain and spine MRI
were normal. Nerve conduction studies (NCS) and electro-
myogram (EMG) revealed pure sensory loss without
motor involvement. Findings were formally reported
as Bconsistent with GBS in the acute phase or a pure
sensory neuropathy,^ but did not mention findings of
demyelination.

The laboratory studies exclude a number of conditions that
could explain the acute peripheral sensory neuropathy. The
mild hyponatremia may or may not be related. This could be
explained by syndrome of inappropriate antidiuretic hormone
(SIADH) in a patient who is euvolemic based on history and
examination; however, the low specific gravity argues against
this, and further investigation would be needed. Obtaining
serum and urine osmolality is a next step.

An elevated CSF protein with low CSF WBC count (≤5
WBC/mL) is termed albuminocytologic dissociation and is
classically seen in GBS. This patient’s CSF protein is elevated
but the WBC is not normal. A small percentage of patients
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with GBS have slightly elevated CSF WBC counts, although
the finding of 12 WBC/mL might raise the possibility of
a chronic infectious process or a noninfectious inflam-
matory process.

The EMG/NCS reports Bfindings consistent with early GBS
or a pure sensory neuropathy.^ The ascending neurologic
deficits, elevated CSF protein relative to cell count, neuro-
physiologic studies, and absence of an alternative explanation
should reasonably lead to treatment for GBS with plasma
exchange and IVIG given risks of harm to patient with GBS
progression outweigh the risks of treatment. Failure to
respond to treatment should lead to further investigation,
given the lack of motor involvement and no mention of
demyelination on NCS.

The clinician processes the results and pays particular
attention to the aspects of the exam and testing that support
a diagnosis of GBS, with a plan to start treatment. He or she
also points out the features of the case—hyponatremia, ele-
vated WBC, lack of demyelination—that may not fit the typical
presentation for GBS, suggesting further investigation if the
patient does not respond as expected. Recognition of atypical
features is important in the process of clinical reasoning, and
clinicians should consider slowing down2 during the cognitive
process, transitioning from an intuitive to analytical reasoning
approach, and considering additional diagnostic possibilities.
Atypical presentations of common diseases are always possi-
ble and occasionally seen in practice; however, clinicians
should keep an open mind to avoid common cognitive errors.
Many tools designed to avoid errors have been proposed,
including the use of reflective reasoning. Groopman and
Hartzband have suggested guided reflection using three sim-
ple questions when evaluating a diagnostic hypothesis: What
else could this be? Is there something that does not fit? Is there
more than one diagnosis?3 These questions help the clinician
consider alternative diagnoses and perform further workup
prior to anchoring on a diagnosis of atypical GBS.

The patient was suspected of having sensory-
predominant GBS and received intravenous immunoglob-
ulin (IVIG). After 5 days of therapy, his symptoms
progressed. He could no longer walk without assistance
and developed urinary retention. Deemed a non-response,
plasma exchange was initiated. During treatment, his se-
rum sodium levels continued to decrease to 124 mM/L,
prompting further laboratory evaluation, with serum os-
molality 254 mOsm/kg, urine osmolality 465 mOsm/kg,
and urine sodium 61 mM/L. After hospitalization for
9 days, the patient was diagnosed with SIADH and was
started on a fluid-restricted diet with oral salt tablets.

Generally, the cause of SIADH falls into four major cate-
gories: medications, pulmonary processes, neoplasms, and
central nervous system processes. GBS has been associated

with SIADH; however, we should consider other causes of
SIADH.

Aspects of the presentation that are not consistent with GBS
include the pure sensory deficit, the WBCs in the CSF, no
demyelination noted on EMG, the progression of illness de-
spite therapy, and worsening hyponatremia. We should
stop and reframe the situation. The patient is 57 years
old, with significant a smoking history, rapidly progres-
sive sensory neuropathy, and SIADH. Does he have an
underlying malignancy causing a paraneoplastic sensory
neuropathy and persistent SIADH? We should review his
chest X-ray given his smoking history and, if unrevealing,
consider a chest CT.

With treatment failure, and identifying a new diagnosis,
SIADH, the clinician takes a Bdiagnostic time-out^ and re-
views the case presentation and data. The clinician highlights
Bthings that do not fit^ or support the current diagnostic
hypothesis to determine Bwhat else could this be?^ using the
guided reflection questions described by Groopman.3 This
triggers him to reframe the problem representation as: A
middle-aged man, smoker, with sub-acute sensory neuropathy,
SIADH, mild pleocytosis and elevated CSF protein. This new
problem representation is reviewed against additional illness
scripts to suggest a new diagnosis and additional studies.
Through reflection, the clinician continues to search for a
unifying diagnosis.

Further workup for the underlying etiology of SIADH
was pursued. A chest X-ray showed a small number of tiny
calcified right upper lung nodules without amass. Chest CT
revealed a 4-mm endobronchial lesion in the right middle
lobe, mild right hilar lymphadenopathy, and scattered tiny
non-calcified nodules (Fig. 1). Transbronchial biopsy of
multiple hilar lymph nodes showed small cell lung carci-
noma in one node. A CT of the abdomen/pelvis did not
show metastases. The patient was diagnosed with limited-
stage small cell carcinoma of the lung 14 days into his
hospitalization. Testing for serum paraneoplastic antibod-
ies demonstrated anti-Hu (ANNA-1) antibodies with a titer
of 1:15,360. The patient underwent a first cycle of chemo-
therapy with carboplatin and etoposide, with improve-
ment in his neuropathy.

DISCUSSION

The diagnostic process is a complex activity requiring infor-
mation gathering and clinical reasoning to determine a pa-
tient’s underlying diagnosis and promptly initiate treatment.
This process involves many layers, including history-taking,
physical exam, diagnostic testing, and physician consultation.
Within this context, estimates suggest that diagnostic error
contributes to 40,000–80,000 deaths in US hospitals each
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year.4 The majority of these errors are due to cognitive pitfalls
rather than deficits in clinician knowledge. This case illustrates
how a physician can avoid cognitive biases such as
premature closure, anchoring, and diagnostic momentum
through reflection.

In this patient with progressive neuropathy, there was room
for diagnostic error due to the complex patient presentation
and pressure to obtain a quick diagnosis and initiate treatment.
While the patient is undergoing treatment, the clinician con-
tinues to use careful reflection to keep the door open to further
diagnostic workup and differential diagnoses. The clinician
continues to reflect on pieces that do not fit typical presenta-
tion, and expand as new information comes to hand. While
this highlights the importance of clinical reasoning and
reflection, the final diagnosis in this patient is delayed,
and the patient undergoes several potentially unnecessary
treatments over the course of weeks, with a delay in initiating
chemotherapy.

In recent studies, important tasks identified during clinical
encounters have included framing the problem, diagnosis,
management, and reflection.5, 6 However, physicians general-
ly use intuitive reasoning and omit reflective reasoning in their
routine mode of thought.7 As the physician processes the
initial history and exam, he or she begins to form a problem
representation and an initial diagnosis and plan for further
workup and treatment. Reflection increases diagnostic accu-
racy, especially in complex cases, and a systematic approach is
essential for maximizing its benefits.7 During this phase of the
clinical encounter, the physician reviews supporting data for
the proposed hypothesis and the three proposed ques-
tions: BWhat else could this be? Is there something that does
not fit? Is there more than one diagnosis?^3 Through these
questions, data that may have been overlooked or
misinterpreted are considered. Physicians will slow down and
use analytical reasoning to interpret the data and create a more
refined problem representation and more accurate differential
diagnosis. The use of guided reflection will help physicians
slow the clinical reasoning process, thus preventing delayed or
missed diagnosis.

CLINICAL TEACHING POINTS

1. Guillain-Barré syndrome (GBS) is characterized by
progressive symmetric weakness and hyporeflexia,
which can be further classified by the distribution of
neurologic involvement.8 On EMG/NCS there is typi-
cally evidence of demyelinating neuropathy.

2. Pure sensory neuropathy is a rare variant of GBS with
diagnostic criteria including Bacute-onset symmetric loss,
peak deficit within 4 weeks, hyporeflexia, normal motor
strength, nerve conduction evidence of demyelination in
at least two nerves, monophasic course, no other known
cause for neuropathy, no family history of neuropathy.^9

3. The differential diagnosis for acquired subacute sensory
neuropathies is limited to only a few disease categories:
toxicity (pyridoxine, platinum-based chemotherapy), in-
fection (primarily HIV), autoimmune disorders (Sjögren’s
syndrome, rheumatoid arthritis, systemic lupus erythema-
tosus, autoimmune hepatitis), and paraneoplastic syn-
dromes. Multiple cancer types are associated with
paraneoplastic neuropathies, including small cell lung
cancer, bronchial carcinoma, breast and ovarian cancer,
neuroendocrine tumors, lymphoma, and sarcoma.10

4. Paraneoplastic processes must be considered in patients
with a strong history of smoking. The presence of anti-Hu
antibodies should prompt investigation for a neoplasm, as
it is very specific (>99%) and moderately sensitive (82%)
for underlying malignancy.11 Anti-Hu neuropathy typi-
cally manifests as a subacute sensory neuropathy with
ataxia, decreased or absent reflexes, and CSF pleocytosis.
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Fig. 1 Computed tomography of the chest showing a 4-mm endobronchial lesion (a) and hilar lymphadenopathy (b).
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