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Abstract

Background: This report highlights a rapidly progressive case of Creutzfeldt-Jakob Disease
(CJD) whose time from symptom onset to death spanned less than two months. We also explore
the most recently available inpatient demographics data for discharges with CJD in the United
States.

Methods: We reviewed a CJD case and systematically analyzed a retrospective cohort of CID
discharges using the Healthcare Cost and Utilization Project (HCUP) to evaluate the existing
national data on the status of CJD demographics and dispositions in the United States in 2016.

Results: An estimated total of 710 hospital discharges with a diagnosis of CJD were seen across
the United States in 2016. According to HCUP, the average age of patients was 66.15 + 11.54
years with 48.6 % female. Average time to intubation from admission to hospital was 4.71 + 7.32
days with a rate of intubation of 6.34 %. The mean hospital cost was $19,901.25 + $18,743.48.
The rate of in-hospital mortality was 8.45 %. No significant geographical differences were noted
(p = 0.49). No significant differences were seen among incidence in specific ethnic groups (p =
0.33) or income quartiles (p = 0.90).
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Conclusions: Our data shows that the incidence of CJD in 2016 appears to be equally
distributed among individuals in the United States by demographic categories. Additionally, our
case-study from 2019 illustrates an important example for diagnosing a rapidly-progressing case
of CJD.
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1. Introduction

Creutzfeldt-Jakob Disease (CJD) is a rare insidious degenerative brain disorder first
described in 1920 by Hans Gerhard Creutzfeldt in a report titled “a new and unusual type of
neurological disease.” Creutzfeldt’s case report described a 22-year-old woman who
presented with tremors, unsteady gait, involuntary eye movements, jerking limbs, and
dementia who died one year after the onset of symptoms [1]. The following year, in 1921,
physician Alfons Maria Jakob wrote four case reports on patients with similar symptoms,
adding histopathological observations of nerve cell-loss and a characteristic “sponge-like”
appearance of brain tissue [2]. It is from these early reports of rapidly-progressive dementia
with specific pathological findings that the disease was eponymized with the names of the
two physician scientists who first described it.

CJD results from the pathological effects of abnormally folded proteins called prions. In
approximately 85 %, the causes are classified as sporadic with no clear definitive origin. The
remaining 15 % can be attributed to a specific genetic mutation in the prion protein (PrP)
gene and are often inherited in an autosomal dominant pattern. Of note, < 1% of CJD cases
are acquired from iatrogenic or oral exposure to infected brain or nervous tissue [3,4].
Indeed, CJD and other prion diseases of the brain such as Kuru and Gertmann-Straussler-
Scheinker (GSS) disease typically present as rapidly progressive dementia involving
memory loss, mood changes, problems with coordination, and visual disturbances (NINDS,
2020). Prion diseases are clinically and pathologically heterogeneous. Nevertheless, six
prion isotype combinations predominate in the classification schema of sporadic CJD
determined by the presence of methionine or valine at the polymorphic codon 129 in a
patient’s prion protein gene. These include MM1, MM2, MV1, MV2, VV1, and VV2 [5].

As symptoms progress, the neurocognitive decline becomes more pronounced leading to
myoclonus, blindness, extremity weakness, coma, and ultimately death. Manifesting within
a year of symptom onset. CJD is generally preceded by a prodromal phase including the
nonspecific findings of fatigue, sleep changes, and visual disturbances. As the disease
progresses, patients may start to experience changes in behavior, emotional lability,
extrapyramidal signs, myoclonus jerks, and severe rapid cognitive decline [6]. Diagnostic
studies may reveal 3 Hz spike waves on EEG, 14-3-3 (or t-tau) protein identified on an
otherwise nonspecific lumbar puncture, and/or cortical ribboning on a T2 fluid-attenuated
inversion recovery (FLAIR) magnetic resonance imaging (MRI) scan [7].
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In the case of sporadic CJD, a comprehensive World Health Organization (WHO) diagnostic
criterion can be appreciated in Table 1 [8,9]. Of note, RT-QuIC diagnostic accuracy is
significantly superior previous methods, including 14-3-3, t-tau and EEG [10,11], with t-tau
considered a superior CSF screening marker than 14-3-3 [11,12]. We herein present a case
of sporadic CJD with rapid progression followed by a demographic assessment of patients
diagnosed with CJD at the national level as reported in the Healthcare Cost and Utilization
Project’s (HCUP) national database [13].

2. Case study

In late fall of 2019, a 58-year-old right handed aspirin naive male with past medical history
of hypertension and gastroesophageal reflux disease presented to our emergency department
with complaints of right-sided weakness, trouble walking, aphasia, and slurred speech.
History was obtained from the patient’s wife, who stated that the patient had been having
brief episodes of confusion and word-finding difficulty over the past month lasting
approximately one minute. During this period, she also noted mood changes described as
un-characteristically “grumpier,” and disproportionately frustrated with basic tasks. The
patient initially attributed his cognitive symptoms to recent changes in his hypertension
medications made by his primary care physician (PCP). Additionally, the patient’s wife
began noticing that the patient ceased using his right (dominant) side for motor tasks. Videos
obtained shortly before admission showed the patient dispaying brief episodes of rhythmic
jerking of his right arm, intermittent intention tremor of his right hand, and fasciculations on
his right leg while at rest.

On the morning of admission, the family contacted the patient’s PCP, informing them that
the patient had woken up “in a fog” with worsening symptoms and new-onset slurred speech
with difficulty walking. The PCP recommended that the patient go to the emergency room
immediately for a stroke work-up. At the time of presentation to the hospital, the patient
exhibited apraxia on the right finger to nose test, mild aphasia, and slurring of speech. The
patient was subsequently admitted to the stroke service for further workup. Throughout the
day, the patient’s symptoms appeared to fluctuate considerably. Diffuse weighted imaging
(DW1) and FLAIR-MRI scans were obtained on hospital day 2 and showed cortical
ribboning in both occipital lobes, most pronounced on the right with some in parietal and
frontal involvement (Fig. 1). CT angiography and magnetic resonance angiography also
obtained at this time were negative for arterial stenosis or occlusions.

The patient also underwent an epilepsy work-up with a 24 -h EEG ordered on hospital day 2.
The EEG described a posterior dominant rhythm of up to 8 Hz, better developed on the right
during arousals with an admixed theta in the anterior background and slower frequencies on
the left. Occasional generalized triphasic waves were also noted. This was initially
interpreted as possible left hemispheric periodic epileptiform discharges. Discharges that
could be interpreted as either interictal manifestations of high degree epileptogenic
potentials or alternatively, as representing acute injury. In certain instances, after prolonged
status epilepticus, such findings can be interpreted as an end-stage of seizure activity. Mild
generalized slowing is also indicative of generalized disturbance of cerebral function.
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Moreover, left hemispheric focal slowing indicates a focal disturbance of cerebral function
secondary to a structural or physiologic etiology (Fig. 2).

On hospital day 3, the patient was loaded with Keppra and Vimpat and transferred to the
general neurology service for further workup. Lumbar puncture obtained by the general
neurology service at this time showed <5 WBC, 1 RBC, glucose 61, protein 46. A
meningoencephalitis panel of the patient’s CSF was negative. Additional tests, including an
autoimmune panel, real-time quaking-induced conversion (RT-QuIC), and protein 14-3-3,
were sent to offsite laboratories for processing. The patient was subsequently given five days
of solumedrol with apparent improvement of symptoms. On hospital day 8 the patient
developed labored breathing and acute worsening of mental status and was transferred to the
Neurologic Intensive Care Unit (ICU) for emergent intubation due to inability to protect his
airway.

At the time of arrival to the Neurological ICU, the patient presented with a GCS of 8,
tachypnea, and gasping labored breathing with accessory muscle use. Following intubation,
patient was started on plasma exchange therapy (PLEX) every other day for a total of five
doses due to concerns of possible autoimmune encephalitis. Additionally, on hospital day 9
the patient underwent a repeat brain MRI as well as CT chest, abdomen, and pelvis to assess
for a possible neoplastic source of the patient’s encephalopathy. A repeat brain MRI
replicated the findings of cortical ribboning (Fig. 1), suggestive of possible prion disease.
CT scans were unremarkable. An additional lumbar puncture was obtained Hospital day 11
to rule out cytologic, arbovirus and West Nile etiologies of the patient’s encephalitis.
Patient’s mental status minimally improved during the duration of his PLEX therapy, with
continued episodes of myoclonus-like activity.

On hospital day 15 the patient completed his final dose of PLEX with no improvement. A
final 24 -h EEG study noted generalized slowing 1 hz periodic discharges with occasionally
ceasing triphasic morphology and low voltage polymorphic activity in the background.
These findings of generalized periodic discharges suggested bilateral structural damage, a
notable change from unilateral damage in earlier EEGs. Generalized epileptiform discharges
were noted with no discrete seizures indicating worsening diffuse cortical irritation.

A family meeting was held to discuss prognosis and further plans of care for the patient after
which the patient’s code status was changed to “Do Not Resuscitate” with no escalation of
care. The family wished to await the results of the RT QulIC and 14-3-3 before transferring
the patient to comfort measures. On hospital day 22 the patient’s RT QulC and 14-3-3
confirmed the diagnosis of CJD, and the patient’s family transitioned the patient to hospice.
The patient died the following day on post-admission day 23.

The analysis from the autopsy tissue submitted to Case Western Reserve University’s
National Prion Disease Pathology Surveillance Center completed three months after the
patient’s death characterized the abnormal prion protein type by Western blot and carried out
the histopathological and immunohistochemical examinations. The results confirmed the
diagnosis of prion disease with the characteristics of sporadic Creutzfeldt-Jakob Disease
MM1 according to the classification of sporadic prion disease proposed by Parchi et al. [5].
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In addition, the report found that sequencing of the prion protein (PrP) gene with polymerase
chain reaction (PCR), used to rule out the presence of a pathogenic mutation in the PrP
coding region, ruled out a familial origin for our patient’s prion disease according to the
latest criteria [14].

3. Materials and methods

We used the Healthcare Cost and Utilization Project (HCUP) national database, specifically
the National Inpatient Sample (NIS), to perform a retrospective cohort study of the most
recently available data on Creutzfeldt-Jakob Disease (CJD) in the United States (US). The
NIS represents a 20 % random stratified sample of all discharges from US community
hospitals. Importantly, the data excludes rehabilitation and long-term acute care hospitals
centers. Individuals with a diagnosis upon discharge of CJD were identified within the
HCUP NIS database by using the International Classification of Diseases 10th revision
(ICD-10) codes A81.00, A81.01, and A81.09. We thus obtained data from of 142 confirmed
cases CJD as reported on hospital discharge, from which we were able to extrapolate a total
number of 710 reported cases in the US in 2016. Of note, the University of Texas Health
Science Center at San Antonio was exempt in this analysis from full review by the
Institutional Review Board. All statistical analyses were conducted using Stata (http://
www.stata.com).

4. Results

During 2016, the Home Healthcare Costs and Utilization Project (HCUP) database reported
710 hospital discharges of CJD (48.6 % female). The average age of onset for patients with
CJD was 66.15 + 11.54 years. A Yates’ X2 analysis comparing the age stratification between
the CJD population and the general US population found that the age differences were
significant with p-value of < 0.01, indicating that the increased incidence of CJD patients
found in the decades between 50 and 70 is a true difference. Regionally, across the United
States, 26.76 % of cases were localized to the Northeast, 26.76 % of cases to the Midwest,
27.46 % of cases in the South, and 17.61 % of cases in the west. A Yates’ x 2 analysis
comparing the incidence of CJD cases across regions compared to population percentages of
the general US population for these regions found no significant differences with a p-value
of 0.49. Demographic data on ethnicity showed that 73.7 % of patients with CJD were
white, 10.5 % were black, 12.0 % were Hispanic, 2.3 % were Asian, and 1.5 % were other.
These demographic findings closely match the overall demographics in the United States
based on 2015 estimates: 73 % white, 12.7 % black, 17.6 % Hispanic, 5.4 % Asian, 4.8 %
other [15]. A Yates’ XZ comparing the percentages of ethnic populations discharged with a
CJD diagnosis to percent demographics of the US population found no significant
differences with a p-value of 0.33. Similarly, no significant differences were found between
CJD cases and the general population among individuals of in specific income quartiles.
Individuals in the 1st income quartile, measured by zip code income averages and home
values, accounted for 27.1 % of the reported cases, those in the 2nd income quartile
accounted for 21.4 % of the cases, those in the 3rd income quartile accounted for 24.3 % of
the cases, and those in the 4th income quartile accounted for 27.0 % of the cases. A Yates’
XZ p-value of 0.90 indicated no significant statistical differences between income quartiles
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among CJD patients and the general population. Overall, 83.1 % of CJD cases were reported
in urban teaching hospitals, likely due to the uncommon nature of the disease and need for
specialized care. 4% of cases were reported in rural hospitals, and 14.1 % were reported in
urban non-teaching hospitals. Based on the population of patients admitted to each hospital,
a Yates’ X2 p-value of < 0.01 establishes that the increased number of CJD discharges from
urban teaching hospitals as compared to other hospitals among the general population of
hospitalized patients is statistically different than the general patient population for all other
diseases. The data also identified that the average time to intubation upon hospitalization
was 4.71 £ 7.32 days in the 6.3 % of patients that required intubation. Finally, the average
cost in US dollars for a CJD hospitalization was reported as $19,901.25 + $18,743.48 with
the average charge to patients and insurance providers totaling $82,446.24 + $116,653.80
(Table 2).

We were also interested in patient disposition. Since patients with CJD has a 100 %
mortality rate, most commonly within a year of diagnosis [16], patient disposition after
diagnosis is an important factor in understanding continuity of patient care. HCUP data
reported that 16.9 % of CJD patients experienced a “routine” disposition, defined as being
discharged to home or self-care or with a planned acute care hospital inpatient readmission;
4.9 % of patients had a disposition to a “short-term hospital,” defined as being transferred or
discharged to a short-term inpatient hospital, federal health care facility, critical access
hospital, or any of the above with a planned acute care hospital inpatient readmission; 42.3
% of patients had a disposition of being transferred to “another type of facility,” which
include skilled nursing facilities, intermediate care facilities, hospice, long-term care facility,
inpatient rehab facility, etc.; 26.8 % of patients experienced a “home health care”
disposition, which involves a discharge to an organized home health service organization, or
home hospice. Only 0.7 % left the hospital against medical advice, and a total of 8.5 % of
patients died at the initial hospital of admission (Table 3). We further conducted two logistic
regressions assessing the dispositions of “another type of facility” and “home health care”
and HCUP demographic variables of age, sex, and length of stay. These were the two most
common dispositions, with the largest number of patients capable of yielding significant
results. The analyses found that older age was the most significant predictor discharge to
“another type of facility” odds ratio = 1.048 (95 % confidence interval [1.012-1.085], and p
= 0.008), with non-significant results in the remaining comparisons (Table 4).

In the context of our case study and our demographic analysis, we find that there are no
stereotypical demographics for patients with CJD other than age. No statistically significant
differences were seen among affected individuals and their relationship to demographic
factors such as sex, race/ethnicity, geography, or SES based on normal demographic
distributions in the US. Only age, with a mean of 66 years (+ 11.5 years) and admission to
an urban teaching hospital were found to correlate significantly with CJD as compared to the
general population. Furthermore, analysis of disposition indicated that the majority of CID
patients get discharged to “another type of facility” comprising long-term and skilled
nursing facilities and “home health care” comprising home hospice and other skilled care at
home. Age was the only significant predictor of being discharged to “another type of
facility,” with all other predictors and dispositions being non-significant or having a sample
size too small for logistic regression. Although CJD has a 100 % mortality, our study
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showed that in-hospital mortality is only 8.5 %. This would indicate that most patients with
CJD will die in care facilities such as hospices and skilled nurse facilities that are not the
initial hospital of admission.

5. Discussion

Creutzfeldt-Jakob Disease and other prion diseases are exceedingly rare, with an estimated
459 CJD cases reported across the United States in 2016 according to CDC data and 710
discharges according to Healthcare Cost and Utilization Project (HCUP) data. The
discrepancy between the total number of cases and discharges is primarily due to patients
being discharged and re-admitted to hospital settings on more than one occasion. Indeed,
making a successful diagnosis of CJD early in the disease course can be a difficult task,
especially in rapidly-progressing cases [17,18]. More specific data highlighting the
methodologies used to report CJD diagnoses within the HCUP database would be ideal,
however since the HCUP database is not recording these variables, we cannot comment on
these and thus this is a limitation of this study.

Common things being common, CJD is often treated as a disease of exclusion.
Unsurprisingly, more prevalent diseases with similar presenting symptoms to CJD are given
priority when developing a differential diagnosis. For example, neuropathological disorders
such as stroke [19], epilepsy, meningitis, Alzheimer’s disease, paraneoplastic syndrome,
autoimmune encephalitis, and other diseases are often placed higher in the differential and
tested before considering a prion disease diagnosis [20]. Presently, screening approaches
with 14-3-3 protein followed by a confirmatory RT-QuIC test are considered the optimal
diagnostic approaches for the discrimination between CJD and other rapidly-progressive
dementias [11]. Newer, less-invasive diagnostic methods involving magnetic resonance and
diffusion weighted imaging are showing promising diagnostic performances comparable to
the current RT-QuIC gold standard [21].

Though CJD has a near 100 % mortality, it is crucial to have an accurate and timely
diagnosis. It has been shown that as more physicians become aware of CJD, patients can
often be misdiagnosed as having CJD when they actually had a treatable disease. This can be
seen in individuals showing positive results for 14-3-3 cerebrospinal fluid (CSF) protein, but
without any other distinguishing CJD features. Between 2006 and 2009, the National Prion
Disease Pathology Surveillance Center analyzed 1106 brains of patients submitted to them
with symptoms of rapidly-progressive dementia, only 68 % of them appeared as true cases
of prion disease. The 32 % of cases that were prion negative, Alzheimer’s disease and
vascular dementia were the most commonly misdiagnosed disorders (54 % of the prion
negative brains). The study also found that a total of 71 patients had potentially treatable
diseases [20]. Another study of confirmed CJD patients sought to identify the most common
misdiagnoses of CJD. This study of 163 patients with confirmed CJD on autopsy collected
over a 5.5-year period found that the most commonly misdiagnosed diseases for CID
patients were neurodegenerative, autoimmune, infections (mainly viral), toxic/metabolic,
and unspecified dementia. Furthermore, the study also reported that the mean time from
disease onset to diagnosis was 7.9 months [22].
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The most recent United States Center for Disease Control (CDC) criteria for CID diagnoses
(Table 1) stipulates that the 14-3-3 protein assay of CSF is not as specific as the more novel
real-time quaking-induced conversion (RT-QulC) [23,24]. RT-QuIC and autopsy findings in
our patient established a definitive diagnosis of sporadic CID by characterizing an abnormal
prion protein type in the patient’s tissue sample using Western blot and histopathology and
immunohistochemistry. It further ruled out the presence of the PrP gene using polymerase
chain reaction (PCR) signifying that our patient’s disease was not familial in origin.
Importantly, though very rare, PCR does not constitute a definitive diagnostic test or a
precise test for the genetic forms of prion-associated diseases. Such sources of diagnostic
errors can be attributed to sample mix-ups, and genotypic errors that can result from trace
contamination of PCR reactions from other sources. Further, it is for this reason that these
assays should be used in conjunction with other clinical, pathological, and laboratory
findings, as previously described.

Currently there is no treatment for Creutzfeldt-Jakob Disease. There are numerous aspects of
CJD that make treatment-focused clinical trials difficult; namely, the rarity of the disease,
the disease’s high mortality, and the aforementioned difficulty in obtaining a diagnosis early
enough in the course of the disease to refer patients to centers conducting such trials [25].
Though limited in number, clinical trials focusing on improving survival time and limiting
cognitive decline have been performed with new experimental guidelines for genetic prion
disease clinical trials being recently proposed [26]. Two such studies from the University of
California San Francisco and the United Kingdom’s PRION-1 Study tested possible benefits
from the anti-malarial drug quinacrine, but neither study demonstrated an improvement in
survival time [27,28]. One double-blind placebo-controlled trial using the drug Flupirtine
showed some positive influence on slowing cognitive-decline [29]. Still other studies
performed in Italy, Germany, and France looked at whether doxycycline could provide
benefits in survival time. Indeed, some studies did show improved survival time on the scale
of months with doxycycline, however others showed no benefit [30]. Other studies have
hypothesized that polyanions like petnsan polysulfate and antibody therapies could
theoretically provide benefit to patients suffering with CJD [31]. Unfortunately, as of the
writing of this paper there are no gold standard or FDA-recommended therapies yet for
improving outcome measures in CJD patients.

6. Conclusion

Creutzfeldt-Jakob Disease (CJD) is a rare, but devastating neuro-degenerative prion disease
that resulted a total of 710 hospital discharges in 2016, as well as our case study patient in
2019. There are no differences between the patients from the standpoint of sex,
demographics, geography, or socio-economic status based on normal demographic
distributions in the US. The majority of CJD patients get discharged to “another type of
facility” comprising long-term and skilled nursing facilities and “home health care”
comprising home hospice and other skilled care at home, where most of them will die.
Indeed, much remains to be learned about this disease, particularly when it comes to
accurate and timely diagnoses, potentials for therapy, referral for involvement in clinical
trials, and disposition.
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Fig. 1.
Cortical ribboning seen in patient’s T2 FLAIR MRI scan as indicated by arrows. Most

cortical ribboning is localized to the left hemisphere. A = Anterior, P = Posterior, R = Right
Hemisphere, L = Left Hemisphere.
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Fig. 2.

Electroencephalogram (EEG) findings indicating poorly-formed triphasic discharges
interspersed with intermittent complexes.
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Final Disposition of CJD Patients.

Disposition of Patient n %
Routine 120 16.9
Short-term hospital 35 4.9
Another type of facility 300 423
Home Health Care (HHC) 190 26.8
Against medical advice (AMA) 5 0.7
Died at Initial Hospital 60 85
Total 710 100

Clin Neurol Neurosurg. Author manuscript; available in PMC 2021 October 01.

Table 3

Page 16



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Kotkowski et al.

Table 4

Multivariate logistic regression: Odds of final disposition for most prevalent CJD patient dispositions.

Regression Variables OR p-value 95% CI

Another Type of Facility Disposition (n = 300)

Age 1.048 o8*  1.012,1085
Female 0.927 .835 0.454,1.891
Length of Stay (Days) 1.020 .246 0.987, 1.054
Home Health Care Disposition (n = 190)

Age 1.024 .200 0.988, 1.061
Female 0914 .821 0.421, 1.987
Length of Stay (Days) 0.947 .097 0.889, 1.010

Abbreviations: OR, odds ratio; Cl, confidence intervals.

*
Statistically significant correlations between regression variables and disposition (p < 0.05).
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