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To the Editor,

Common trisomies such as trisomy 13 (T13) and trisomy 18 (T18)
have been of increased interest in regards to prognosis and outcomes
with multiple recent large studies suggesting patients do better than
historically thought, even with major interventions (Alore et al., 2021;
Cooper et al., 2019; Goel et al., 2019; Nelson et al., 2016). These stud-
ies have been well powered due to utilization of large databases and
registries, which standardly identify the diagnosis of T13 and T18
based on diagnostic codes across multiple centers. These newer stud-
ies have led to thoughtful investment in identifying prognostic risk
factors and approaches to clearly delineate, which of these patients
will be long term survivors after interventions, how to counsel parents
and families, and whether interventions are reasonable (Carvajal
et al, 2020; Kochan et al., 2021; Leuthner & Acharya, 2020;
Neubauer & Boss, 2020; Weaver et al., 2021). We sought to better
understand our local population of patients with T13 and T18 and
their outcomes in order to provide more personalized counseling for
our patients' families. We found that the majority of patients identi-
fied for our study did not have T13 or T18 due to miscoding or mis-
diagnosis, raising significant concern that these large scale studies
may misrepresent the interventional risk in this population.

We designed a retrospective chart review to look specifically at
surgical outcomes for patients with T13 and T18. This was deemed to
be IRB exempt by the Indiana University Human Research Protection
Program (Protocol 1,908,540,907). We looked for infants and children
born between 1990 and 2020 with a diagnosis of T13 or T18 treated
at Riley Hospital for Children (Indianapolis, IN). We identified patients
using the following International Classification of Disease (ICD) codes:
758.1-T13, 758.2-T18, Q91.0-T18,

unspecified, unspecified,

Nonmosiacism, Q91.1-T18, Mosaicism, Q91.2-T18, Translocation,
Q91.3-T18, Unspecified, Q91.4-T13, Nonmosiacism, Q91.5-T13,
Mosaicism, Q91.6-T13, Translocation, and Q91.7-T13, Unspecified.
Deidentified data is available upon request.

This identified 207 unique patients with available records. These
records were then manually reviewed (NH) for further information
with an ultimate cohort of 117 patients documented and treated as
T13 or T18 as demonstrated in Figure 1. Forty-three percent of the
cohort identified by ICD coding alone had a genetic disorder other
than T13 or T18 that would not have been clarified without manual
chart review. These 90 patients were not clinically treated as T13 or
T18, making them miscoded but not clinically misdiagnosed. These
patients were excluded from our study so outcomes data is unavail-
able. It is worth noting that 13 (14%) of the miscoded patients had tri-
somy 21, which is known to have drastically different outcomes than
T13 and T18. The remaining 117 patients in our cohort had complete
chart review (NH) and 34 patients were identified as having a variant
of T13 or T18, which included mosaicism, translocations, or “partial”
trisomies. All 34 patients were treated and counseled clinically as if
they had classic T13 or T18. In order to better understand this sub-
population a geneticist (GCG) reviewed these 34 charts to clarify their
diagnoses.

There were a significant number of patients, 15% (18/117) of the
cohort treated as T13 and T18, who were misdiagnosed. A number of
these cases had the genetic testing results available and accessible in
the electronic medical record. The majority of these patients had not
seen medical genetics within our system. A few patients had early
contact with genetics, but no follow up. The true diagnoses ranged
from minor duplications to large, unbalanced translocations. Examples
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207 Unique patients with diagnosis code of trisomy 13 or trisomy 18
treated at Riley Hospital for Children born between 1990-2020

Excluded Patients who were miscoded and had a
documented genetic diagnosis other than -
trisomy 13 or trisomy 18

117 Patients treated and documented as trisomy 13 or trisomy 18

Manual
Chart Review

Patients with variant trisomy 13 or trisomy 18

18 Patients misdiagnosed as
X > ——
trisomy 13 or trisomy 18
1 Unable to determine based
J on available records
y
15 Patients with trisomy 13 or trisomy 18 with
J mosaicism or due to translocation
y Patients without trisomy 13 or

83 Patients with complete 108 tr‘isomy‘18 identified as trisomy by
trisomy 13 or trisomy 18 diagnosis code

FIGURE 1 Patients identified to have trisomy 13 or trisomy 18 by
ICD diagnostic code and their ultimate diagnostic category

Geneticist
Chart Review

of genetic testing results and diagnoses of patients inappropriately
treated as T13 or T18 are illustrated in Table 1.

We initially theorized this confusion was likely related to genetic
testing advancements and increased utilization of microarray, but as
Table 2 shows there does not seem to be a pattern of increased mis-
diagnosis in relation to decade of birth consistent with this. These
data are consistent with a systemic problem regarding misdiagnosis of
T13 and T18 as it spans across decades, different care systems, and
medical teams. Based on this, it is reasonable to suspect misdiagnosis
of T13 and T18 is not a problem isolated to our institution. Given the
majority of powered contemporary outcomes data identifies patients
by diagnostic coding, where even the most dutiful and careful
research teams do not have access to charts to directly view genetic
testing results, this could be a major problem across the literature.
Ultimately, fewer than half of the patients identified by ICD code
(98/207) actually had a diagnosis of T13 or T18 between miscoding
and misdiagnosis. Even a fraction of this level of inaccurate patient
identification would invalidate the conclusions of these studies.

To determine what sort of effect this could have on outcomes
data, we looked at the 97 patients in our cohort who were treated as
T13 and T18 that had clear mortality information. These data are sum-
marized in Table 3. We found that while the misdiagnosed group
made up only 17% of this cohort, they also made up 34% of the long-
term survivors who lived past 1 year. Fischer's exact testing shows
30 day, 90 day, and 1 year survival is significantly decreased in the
complete T13 and T18 group compared to the misdiagnosis group at
every time frame (p = 0.0018, 0.0002, and <0.0001, respectively).
Inclusion of patients with T13 and T18 with mosaicism or due to
translocation still shows significantly decreased 30 day, 90 day, and
1 year survival compared to the misdiagnosis group (p = 0.0047,

0.0006, and 0.0001, respectively). These data suggest that inclusion
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of the misdiagnosed patients in outcomes data analysis of patients
with T13 and T18 likely skews favorably toward survival, making
major invasive procedures seem less problematic than they may truly
be in this vulnerable, complex population.

While our sample size is small, the depth and span of our data in
combination with ability to directly review genetic testing results sug-
gests that misdiagnosis of T13 and T18 is a common occurrence. This
is extremely concerning as there are likely patients within this cohort
who may have identifiable genetic disorders that could possibly alter
treatment who are getting inappropriate information and medical
management. One recommendation we have is discontinuation of the
term “partial trisomy” when referring to chromosomes 13 and 18. It
anecdotally seems many of these misdiagnoses were a result of calling
relatively minor duplications “partial trisomy” with the eventual loss
or inconsistent use of the word partial.

Diagnostic errors are unfortunately common and tend to be a
“blind spot” in medicine because they are often not reported and may
not even be detected (Bordini et al., 2017; Kliegman et al., 2017). We
found the frequency of misdiagnosis in this population extremely sur-
prising, as T13 and T18 are common genetic disorders many physi-
cians trained to care for pediatric patients are familiar with.
Misdiagnosis is a known concern in the setting of rare and genetic dis-
ease, but we often think of diagnostic errors resulting in missed or
delayed diagnosis in this setting (Bordini et al., 2020; Kliegman
etal, 2017).

While it is difficult to determine the exact type of error that led
to the initial misdiagnosis in these patients, they all had continued
misdiagnosis due to diagnostic momentum (Bordini et al., 2017). The
diagnostic error could have been mitigated in most of our cohort by
direct review of the genetic testing results and/or inclusion of the
medical genetics team to review and interpret the genetic testing
results. Electronic medical records make diagnostic momentum harder
to overcome; however, since these patients spanned 30 years this
clearly is not the main etiology for error. An area of potential interven-
tion to prevent these errors is improving understanding among health-
care providers in regards to medical genetics, something the medical
genetics field is acutely aware of, but has focused on genomics
(Bordini et al., 2017; Korf et al., 2014). Our data suggests we need to
focus on foundational medical genetics knowledge as well. We also
suspect a source of error or perpetuated error was parents who were
not clear on the diagnosis or genetic testing results. Parents often
serve as expert sources of information in patients with rare or genetic
diseases, but it is also known that their understanding can be limited
and health care providers over rely on parents and families as a source
of key information without verifying, researching independently, or
discussing the diagnosis with the appropriate subspecialists (Currie &
Szabo, 2019; Gallo et al., 2009).

Overall, we think these data are critically important for several
reasons, the first being that it shows significant error is involved when
utilizing diagnosis codes in large databases to identify genetic dis-
eases, calling into question recent large studies suggesting favorable
outcomes in T13 and T18. Second, this study reinforces the impor-

tance of verifying genetic testing results when evaluating a new
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TABLE 1 Examples of genetic testing results of patients treated as trisomy 13 or trisomy 18

Patient Genetic diagnosis Test type Genetic testing results

33 13 Mb Pathogenic 18p11.32p11.21 Deletion and Karyotype 46,XY,der(18)(qter?q22::p11.2?qter)
132 Mb Pathogenic 18922.1923 Duplication Microarray arrlhg19]18p11.32p11.21(136,226-13,132,968)x1,

18922.1923(64,802,377-78,014,123)x3

132 0.4 Mb Pathogenic 5p13.2 Duplication and a 0.5 Mb Microarray arr[hg19] 5p13.2(36,887,646-37,300,606)x3, 13q31.3
13g31.3 Duplication of Uncertain Significance (93,296,561-93,862,088)x3

152 7.2 Mb Pathogenic 18921.2g21.31 Duplication Microarray arrlhg19] 18921.2921.31(48,359,729-55,594,222)x3

159 0.5 Mb 13q14.2 Duplication of Uncertain Significance Microarray arr[hg19] 13q14.2(50,144,952-50,601,124)x3

167 0.3 Mb Likely Benign 18g21.1 Duplication Microarray arr[hg19] 18q21.1(47118528-47449144)x3

TABLE 2 Patients treated as trisomy 13 or trisomy 18 by decade of birth and ultimate diagnostic category

Year of All Classic trisomy 13 Trisomy 13 or 18 with mosaicism or due to Misdiagnosis of trisomy Unable to
birth patients or 18 translocation 13 or 18 determine
1990 10 5 2 3 0
2000 39 27 6 5 1
2010 67 51 7 9 0
2020 1 0 0 1 0
Total 117 83 15 18 1

TABLE 3 Outcomes for patients with available longitudinal data in patients with a clear diagnostic category

Trisomy 13 Trisomy 13 or 18 with mosaicism or due to Misdiagnosis of trisomy 13
All patients  or 18 translocation or 18
Total patients with available 97 67 14 16
data
Alive at last follow up 35 14 7 14
Average age last follow up 4157 3704 5337 4020
(days)
Median age last follow up 4423 4283 5384 4442
(days)
Range age last follow up (186- (248-6703) (1055-10,068) (186-7920)
(days) 10,068)
Deceased 62 53 7 2
Average age of death (days) 504 417 985 1104
Median age of death (days) 41 31 52 na
Range age of death (days) (0-6583) (0-6583) (8-6172) (77-2131)
Alive at 30 days 69 41 12 16
Alive at 90 days 54 29 10 15
Alive at 365 days 42 19 9 14

Note: While 88% of misdiagnosed patients were alive at 1 year of age, only 28% of patients with trisomy 13 or trisomy 18 were alive at 1 year of age
despite similar median ages at last follow up between groups. There was significantly increased survival among misdiagnosed patients compared to trisomy
13 and trisomy 18 patients of any type at all time frames.

patient and involvement of medical genetics professionals in even CONFLICTS OF INTEREST
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