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TABLE 1. Diagnostic criteria for post-polio syndrome?

1. A prior episode of paralytic poliomyelitis with residual
motor neuron loss (which can be confirmed through a
typical patient history, a neurologic examination, and, if
needed, an electrodiagnostic exam).

2. A period of neurologic recovery followed by an interval
(usually 15 years or more) of neurologic and functional
stability.

3. A gradual or abrupt onset of new weakness or abnormal
muscle fatigue (decreased endurance), muscle atrophy,
or generalized fatigue.

4. Exclusion of medical, orthopedic, and neurologic
conditions that may be causing the symptoms
mentioned in 3.

aConsensus of the Post-Polio Task Force.

It is generally described as a disabling generalized
exhaustion, the “polio wall,” that follows even minimal
physical activity (94). Their fatigue also has been
described by patients as “increasing physical weakness,”
“tiredness,” “lack of energy,” and “increasing loss of
strength during exercise” (95); thus, it can either be per-
ceived as generalized or muscular in origin (94,96). The
fatigue can also affect mental as well as physical func-
tioning, as for example when it is severe patients find it
difficult to concentrate or collect their thoughts and
appear confused (95). It may be improved by decreasing
physical activity, pacing daily activities, and taking fre-
quent rest periods and naps (96,97). PPS fatigue appears
to respond better to sleep than that of the chronic fatigue
syndrome, although frequent rest periods are also helpful.

The pathophysiology of fatigue is not clear. Bruno et
al. (98) hypothesized that the age-related attrition of neu-
rons in the substantia nigra and possible degeneration of

reticular formation neurons, combined with the already
decreased number of these neurons resulting from polio-
myelitis, might cause impairment of the brain activating
system. Others have related the fatigue to diffuse deterio-
ration of the motor unit at the neuromuscular junction
(97,99). Some PPS patients, 10 to 20%, have muscle
fatigability reminiscent of myasthenia gravis (100), as
similarly reported in amyotrophic lateral sclerosis (101).
A number of medications can be used to treat the gen-
eralized fatigue as indicated below. One study found
that neuromuscular junction transmission, as measured
by jitter on single-fiber electromyography (SFEMG),
improved with anticholinesterase treatment in up to 50%
of PPS patients so studied, and 50% also experienced
decreased general fatigue and muscle fatigability (102).
A recently completed controlled double-blind trial of
pyridostigmine in PPS was, however, negative (personal
communication).

New slowly progressive muscle weakness is the most
important neurologic problem, occurring in most affected
patients (90,91,103) (Table 2). It appears to be related to
a disintegration of the LMN unit (104,105) and can occur
in muscles previously affected and partially or fully
recovered or in unaffected muscles (90,91) (Table 2).
Human electromyography (EMG) (106) and animal stud-
ies (107,108) indicate that some clinically unaffected
muscles were involved subclinically during the acute
poliomyelitis, but previously affected muscles were more
likely than unaffected muscles to later become weak
(90,91) (Table 2). The distribution of the new weakness,
which is usually asymmetric, proximal, distal, or patchy,
appears to correlate with the severity of paralysis at the
time of the acute poliomyelitis and with the amount of
recovery and thus with the number of surviving motor

TABLE 2. Most common new late manifestations of poliomyelitis in patients referred to post-polio clinics?

Syracuse?
(n=100) (n=100)
Symptom Houston? (n=132) Madison®(n=79) 1991-1993 1993-1997

Fatigue 89% 86% 83% 86%
Joint pain 71% T7% 72% 73%
Muscle pain 71% 86% 74% 73%
Weakness

Previously affected muscles 69% 80% 88% 88%

Previously unaffected muscles 50% 53% 61% 59%

Total® —_ 87% 95% 90%
Atrophy 28% 39% 59% 52%
Cold intolerance 29% 56% 49% 53%
Respiratory insufficiency — 39% 42% 36%
Dysphagia — 30% 27% 36%

“Modified from Ref. 91.
bAdapted from Ref. 90. All patients met criteria for PPS.

cAdapted from Ref. 92. All patients had histories and examinations compatible with diagnosis of previ-

ous poliomyelitis.

9First 200 patients with histories and examinations compatible with diagnosis of previous poliomyelitis.

“Total percent of patients with new weakness.



neurons (6,104,109). New atrophy does not occur as an
isolated manifestation and is seen in fewer than half of
patients with new weakness (90,110). In addition to the
weakness and atrophy caused by the disintegration of the
motor unit, rarely UMN signs can occur (23). They
include hyperreflexia, Babinski signs, and occasionally
spasticity. Of 180 PPS patients so studied, we found
UMN signs in 15 (8.3%), 7 of whom underwent myelog-
raphy or magnetic resonance imaging of the spinal cord
to exclude compression (23). This percentage is very sim-
ilar to the frequency of UMN signs found during acute
poliomyelitis (23). Muscle pain or myalgia, which also
occurs in most patients (90,91,103) (Table 2), appears to
be due to overuse of weak muscles. Similar symptoms
occur in overused weakened muscles in other neuromus-
cular diseases (23). The pain is a soreness or aching feel-
ing that occurs with minimal exercise. A small number of
patients can have muscle tenderness on palpation. Rest,
braces, splints, and anti-inflammatory medications may
be beneficial.

New muscle weakness may also involve specific mus-
cles groups, causing respiratory insufficiency, bulbar
muscle weakness, and sleep apnea. Respiratory insuffi-
ciency primarily occurs in patients with severe residual
respiratory impairment with minimal reserve (111,112).
Similar to limb weakness, respiratory failure is more
likely to occur in patients who required respiratory sup-
port during the acute disease and hence had more severe
disease and in those that contracted polio at an age older
than 10 years (111). Patients with PPS and chronic respi-
ratory failure lose an average of 1.9% of their vital capac-
ity per year (113). It usually is due to respiratory muscle
weakness but also to central hypoventilation because of
the residual damage from earlier bulbar poliomyelitis
(33). Other factors such as pulmonary or cardiac disease
or scoliosis may contribute to the problem. Initially, res-
piratory failure begins with nocturnal alveolar hypoventi-
lation, and patients may require only nighttime respira-
tory support (114). If already on nighttime respiratory
support, they may eventually require total ventilator sup-
port (115). Bach (116) studied 145 post-poliomyelitis
individuals who were managed by noninvasive alterna-
tives to tracheostomy. Mouthpiece intermittent positive
pressure ventilation, nasal intermittent positive pressure
ventilation, manually and mechanically assisted cough-
ing, and noninvasive blood gas monitoring in the home
were the main techniques used for optimizing quality of
life and for avoiding complications. With the use of these
measures, acute respiratory failure and tracheal intuba-
tion were generally avoided.

Bulbar muscle weakness is now also a recognized com-
ponent of PPS (117), of which dysphagia is the most
common problem. Residual dysphagia occurs in 10 to
20% of polio survivors (118). It is primarily due to pha-
ryngeal and laryngeal muscle weakness; however, local
pharyngeal or esophageal problems should also be
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excluded. Some patients complain of food sticking, mak-
ing swallowing slow or difficult, often with coughing and
choking (118). Videofluoroscopic studies may reveal
impaired tongue movements, delayed pharyngeal con-
striction, pooling in the valleculae or pyriform sinuses,
and rarely aspiration, which is usually mild (117). Infre-
quently, other bulbar muscles, such as the facial muscles
and vocal cords, may become weaker in PPS (119);
dysarthria has also been reported (23).

Sleep apnea is not an uncommon problem in post-polio
patients. It may be central, obstructive, or mixed
(120,121). Most patients with central sleep apnea have a
history of bulbar polio, and some required ventilatory
support (120). It is probable that residual damage to the
brainstem reticular formation predisposes to central sleep
apnea. In comparison, obstructive sleep apnea appears to
be related to pharyngeal muscle weakness, obesity, and
musculoskeletal deformities (121). Respiratory muscle
weakness may also contribute to sleep apnea (122).

Fasciculation and cramps without weakness, muscle
pseudohypertrophy, and tingling paresthesias are other
neuromuscular problems that may occur in post-polio
patients, with or without new weakness (23).

Musculoskeletal Manifestations

Pain from joint instability is the major musculoskele-
tal problem and can occur without new weakness. The
long-term overstress of joints because of residual weak-
ness eventually results in joint deterioration. Progressive
scoliosis, poor posture, unusual mechanics because of
deformed joints, uneven limb size, failing tendon trans-
fers, and failing joint fusions can all contribute to joint
pain. It can also arise from overstressed tendons due to
joint deformities or because of long-standing muscle
weakness. These joint problems frequently lead to loss of
mobility and a return to using old assistive devices (123).
Compressive radiculopathies and mononeuropathies
may occur as secondary musculoskeletal complications
(23,124).

Other Manifestations

Other symptoms much less frequently reported include
increased sleep requirements, cold intolerance, and psy-
chologic stresses (23,90). Increased sleep requirements
probably relate to severe fatigue. Many PPS patients
complain of cold intolerance (90) (Table 2). They report
worsening symptoms, including increasing generalized
fatigue and weakness when exposed to cold temperatures
(125). Patients may also develop coolness and color
changes such as cyanosis and blanching of the affected
extremity that relate to sympathetic intermediolateral col-
umn damage during prior acute poliomyelitis (126). Psy-
chological symptoms, related to the reemergence of a
supposedly old resolved problem and to the stresses of






