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Missed Diagnosis of New-Onset Systolic Heart Failure at First Presentation
in Children with No Known Heart Disease
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Objective To determine frequency of missed heart failure diagnosis at first presentation among children with no
known heart disease admitted with new-onset heart failure.
Study designUsing a retrospective design, we reviewed electronicmedical records of all patients aged <21 years
with no known heart disease, hospitalized with new-onset heart failure during 2003-2015 at a tertiary-
quaternary care institution. We assessed records for missed diagnosis of heart failure (primary outcome), associ-
ated process breakdowns, and clinical outcomes using a structured data collection instrument.
Results Of 191 patients meeting inclusion criteria, 49% (94/191) were missed on first presentation. Most common
incorrect diagnostic labels given to “missed” patients were bacterial infection (29%; 27/94), followed by viral illness
(22%; 21/94) and gastroenteritis/hepatitis (21%; 20/94). On multivariable analysis, presentation to primary care
provider (PCP), longer duration of symptoms (median 7 days), more than 2 symptoms of heart failure, and
nausea/emesis were associated with missed diagnosis. On examining process breakdowns, 49% had errors in
history-taking and 50% had no documentation of differential diagnoses. There was no difference in hospital mor-
tality, length of stay, or mechanical circulatory support in missed vs not-missed cohorts. Unnecessary noninvasive
and invasive tests were performed in 18% and 4% of patients, respectively.
Conclusions Nearly one-half of children with no known heart disease hospitalized with systolic heart failure were
missed at first presentation and underwent significant nonrelevant treatment and testing. Initial presentation to the
PCP, longer duration of symptoms before presentation, and nausea/emesis were associated with missed diag-
nosis. (J Pediatr 2019;208:258-64).

T
he burden of heart failure is increasing worldwide.1,2 Advanced technologies have brought new treatment options to
pediatric heart failure, but timely and accurate diagnosis remains a challenge.3-6 Children with systolic heart failure pre-
sent with signs and symptoms that mimic common childhood illnesses,7-10 whichmay contribute to misidentification of

the source of symptoms. For instance, presenting features of heart failure such as tachypnea, feeding difficulties, abdominal
pain, and nausea9,11 may also be incorrectly ascribed to respiratory infections or gastroenteritis. The frequency of missed heart
failure diagnoses in children is unknown. Identifying barriers to a correct diagnosis may allow for earlier initiation of appro-
priate therapies, decreased cost/morbidity associated with unnecessary testing, prevention of hospitalizations or intensive care
unit admissions with associated complications, and, thus, overall better outcomes.

Children with no previously known heart disease who are hospitalized with new-onset heart failure represent an ideal pop-
ulation to study epidemiology of missed heart failure diagnosis. We performed a retrospective analysis of children hospitalized
with new-onset heart failure and sought to determine the frequency and population characteristics of patients with missed di-
agnoses of heart failure at first presentation; identify factors associated with a missed diagnosis of heart failure among this pop-
ulation; and determine process breakdowns and barriers to making a correct diagnosis. We hypothesized that a majority of new
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LOS Length of stay

MCS Mechanical circulatory support

PCP Primary care provider
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Methods

We performed a retrospective study, examining records of
children hospitalized with decompensated systolic heart fail-
ure from November 1, 2003 to November 30, 2015 at a large,
urban, tertiary-quaternary care pediatric hospital. The study
was approved by the local Institutional Review Board.

All patients age <21 years with first-time diagnosis of heart
failure requiring hospitalization for acute decompensated
heart failure were included. These patients may have pre-
sented either directly to our hospital and its associated clinics,
or to an outside hospital or clinic.We excluded patients with a
prior diagnosis of heart failure, and those with a neuromus-
cular disorder, cancer, or structural heart disease. Four
criteria were used to define missed heart failure diagnosis,
building on a previously applied concept of determining
missed opportunities in diagnosis12: (1) one or more symp-
tom of heart failure, including unexplained increased rate
or work of breathing, cough, loss of appetite, nausea/emesis,
abdominal pain, edema (pedal edema or ascites), diaphoresis,
lethargy, syncope, or chest pain; (2) one ormore signs of heart
failure including unexplained tachypnea, tachycardia, dia-
phoresis, S3 gallop, or hepatomegaly; (3) absence of heart fail-
ure in the differential diagnosis, work-up, or management of
the patient at first presentation; and (4) absence of correct
diagnosis of heart failure for at least 24 hours before being
diagnosed at our institution, despite a workup for signs and
symptoms. All 4 criteria had to bemet for a case to be classified
as “missed.” An echocardiogram demonstrating systolic ven-
tricular dysfunction (ejection fraction <55%) was necessary
to confirm the diagnosis of heart failure. Patients with cardiac
etiology in the differential diagnosis, work-up, or manage-
ment were not considered “missed” if they also had additional
antimicrobial agents or broader therapies initiated.

Breakdowns in the diagnostic process were assessed using a
previously validated data collection instrument that assessed
5 dimensions13: patient-related factors, patient-provider
encounter, diagnostic test performance/interpretation, refer-
rals, and follow-up and tracking of diagnostic test results. The
instrument and testing procedures were adapted from Singh
et al.14-16

Each patient record was independently reviewed by 2 re-
viewers to determine the presence or absence of missed heart
failure using a structured data collection instrument. The
study period excluded the practice experience of the clinician
at the study institution, to minimize bias because of patient
recognition. This tool was initially tested on a sample of 40
patients from the study cohort. The results were used to
refine the instrument and record assessment procedures.
Then, another 20 patients were reviewed There were changes
to determination of missed diagnosis in 2 patients in this
round, with an agreement of 90% (kappa = 0.798, 95% CI
0.532-1). After this initial testing, reviewers assessed the
remainder of the cohort. In cases of discordance between
the reviewers, the senior physician re-assessed the case and
made the final decision.
The predictor variables analyzed for association with
missed heart failure diagnosis included age at presentation,
sex, race/ethnicity, setting of first presentation, and the dura-
tion and type of symptoms reported by the parent at the time
of first presentation. The primary outcome was missed diag-
nosis of heart failure. We analyzed 2 types of secondary out-
comes: measures of severity of heart failure, included
intubation at admission, renal dysfunction at admission
(defined as estimated glomerular filtration rate [calculated
using the bedside Schwartz equation] less than the normal
for age17), mechanical circulatory support (MCS) during in-
dex admission, total length of stay (LOS) during index
admission, transplant during index admission, and death
during index admission in both cohorts; and clinical impact
in terms of unnecessary diagnostic and therapeutic interven-
tions in missed cohort.
The association of symptoms at presentation with missed

diagnosis was also analyzed separately after stratifying the
cohort by age, because older children present more
commonly with abdominal complaints, and infants present
more commonly with respiratory and feeding difficulties.
The age groups were decided a priori as: <1 year, 1-2 years,
2-12 years, and >12 years.
Demographics, symptoms at presentation, and admission

characteristics of patients with a missed diagnosis of heart
failure (“missed”) were compared with patients with
correctly diagnosed heart failure (“not missed”). Kappa sta-
tistic was used to analyze agreement between the 2 indepen-
dent reviewers on presence/absence of missed heart failure.18

The predictor variables were compared between the missed
and the not-missed groups on univariate analysis. All factors
with P value of <.1 on univariate analysis were included in the
model for multivariable regression analysis. Final significance
was defined as P value of <.05. SPSS v 22.0 (IBM SPSS Statis-
tics, Armonk, New York) software package was used for
statistical analysis.
Results

Of 226 patients admitted with new-onset heart failure during
the study period, 191 met criteria for inclusion for further
analysis. Of the 35 patients excluded, 3 were found to
have been diagnosed with depressed systolic function as an
outpatient previously, 2 patients were found to have known
repaired congenital heart disease, 3 patients were previous
heart transplant recipients, and 2 patients had underlying
neuromuscular disease. The remaining 25 patients did not
have adequate electronic medical records available to review
to assess whether the diagnosis was missed at first presenta-
tion or not. Overall, 49% (94/191) of patients had a missed
diagnosis on first presentation. Interobserver agreement on
presence/absence of missed diagnosis of heart failure was
moderate with K = 0.782 and agreement of 89.1%.
Demographics and presenting clinical features of the

missed and not-missed cohort are compared in Table I.
Patients who were missed at first presentation were
259



Table I. Demographic and clinical characteristics of patients with correct andmissed diagnoses of systolic heart failure

Characteristics Missed (n = 94) Not missed (n = 97) OR (95% CI) P value

Age at admission, y (median, IQR) 4.1 (0.9-9.8) 0.830 (0.1-9.5) .007
Sex 0.73 (0.41-1.28) .270
Male, n (%) 40 (43) 49 (51)
Female, n (%) 54 (57) 48 (50)

Race/ethnicity .690
Non-Hispanic white, n (%) 28 (30) 27 (28)
Hispanic white, n (%) 38 (40) 34 (35)
Black, n (%) 19 (20) 28 (29)
Asian, n (%) 2 (2) 1 (1)
Unknown, n (%) 7 (7) 7 (7)

Site of initial presentation <.001
ED, n (%) 33 (35) 60 (62)
PCP, n (%) 60 (64) 31 (32)
In-patient, n (%) 1 (1) 6 (6)

Duration of symptoms before presentation, d (median, IQR) 7 (4-14) 3 (1.5-7) <.001
Number of encounters before correct diagnosis (median, IQR) 2 (1-2) 0 (0) <.001
Time to correct diagnosis from first presentation to medical care, d (median, IQR) 3 (1.5-7) 0 (0-1) <.001
Symptoms
Fever, n (%) 3 (3) 7 (7) 0.42 (0.11-1.69) .331
Tachypnea/work of breathing, n (%) 61 (65) 61 (63) 1.09 (0.60-1.97) .773
Cough, n (%) 24 (26) 20 (21) 1.32 (0.67-2.60) .420
Loss of appetite, n (%) 50 (53) 34 (35) 2.11 (1.18-3.77) .012
Abdominal pain, n (%) 26 (28) 11 (11) 2.99 (1.38-6.48) .004
Nausea/emesis, n (%) 51 (54) 29 (30) 2.78 (1.53-5.04) .001
Diaphoresis, n (%) 9 (10) 4 (4) 2.46 (0.73-8.29) .135
Palpitations or syncope, n (%) 13 (14) 12 (12) 1.14 (0.49-2.64) .765
Edema of peripheries or ascites, n (%) 12 (13) 6 (6) 2.22 (0.80-6.18) .120
Headache, n (%) 3 (3) 1 (1) 3.17 (0.32-30.98) .363
Lethargy or tiredness, n (%) 32 (34) 27 (28) 1.34 (0.72-2.48) .353
More than 1 heart failure symptom, n (%) 83 (88) 62 (64) 4.26 (2.01-9.05) <.001
More than 2 heart failure symptoms, n (%) 62 (66) 26 (27) 5.29 (2.85-9.83) <.001

Values in bold indicate P < .05 on univariate analysis.
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correctly diagnosed after a median of 2 encounters (IQR 1-2)
with medical services, and had a median time delay of 3 days
in getting a correct diagnosis (IQR 1.5-7). Among the missed
patients, 64% (60/94) first presented to a PCP, and 35% (33/
94) presented to an ED. Missed patients were more likely to
have presented to a PCP and not-missed patients were more
likely to present directly to an ED (Table I). Patients with a
missed diagnosis were older at presentation (median age
4.1 years vs 0.8 years; P = .007) and had a longer duration
of symptoms (median 7 vs 3 days, P < .001) than not
missed patients. Further, missed patients had a higher
frequency of gastrointestinal (GI) symptoms, including
abdominal pain, loss of appetite, and nausea/emesis.

Table II (available at www.jpeds.com) summarizes the
diagnoses (other than heart failure) assigned to the missed
patients at their first presentation. The diagnosis of a
bacterial illness such as pneumonia, sinusitis, or otitis media
was made in 29% (27/94) of the patients, for which
antibiotics were prescribed. Twenty-two percent (21/94)
were diagnosed with a viral illness and symptomatically
managed with cough suppressants, decongestants, and/or
allergy medication. Another 21% (20/94) were diagnosed
with gastroenteritis or hepatitis, and were managed
with anti-emetic or antispasmodic agents or underwent
additional testing. A diagnosis of asthma or reactive airway
disease was made in 10% (9/94), and bronchodilators and
260
antiallergic medications were prescribed. When comparing
frequency of missed diagnosis by site of presentation,
patients who presented to the PCP office were more often
incorrectly diagnosed with a viral syndrome (27% at PCP vs
15% in ED, P = .004), and those presenting to the ED or
inpatient at time of first diagnosis of heart failure had a
higher frequency of incorrect diagnosis of bacterial infection
with prescription of antibiotics (35% vs 25.0%, P = .004).
There was no significant difference in the distribution of

the various etiologies of heart failure between the missed
and not-missed groups (P = .110), and dilated cardiomyop-
athy was the most common etiology of heart failure in the
cohort. Among the missed group, 54% of the patients had
dilated cardiomyopathy (51/94), followed by myocarditis in
28% (26/94). The remainder of the group included left ven-
tricular noncompaction in 5% (5/94), restrictive cardiomy-
opathy in 3% (3/94), anomalous origin of the left coronary
artery from pulmonary artery in 3% (3/94), hypertrophic
obstructive cardiomyopathy in 2% (2/94), and connective
tissue disease in 2% (2/94). The remaining 2 patients
were presumed to have myocarditis. Among the not-missed
group, dilated cardiomyopathy was again the most
common diagnosis, 43% (42/97), followed by myocarditis
in 31% (30/97). The remainder of the cohort included
tachycardia-induced cardiomyopathy in 7% (7/97), anoma-
lous origin of the left coronary artery from pulmonary artery
Puri et al
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Table III. Univariate and multivariable analysis of characteristics associated with missed diagnosis of systolic heart
failure

Characteristics P value (univariate) P value (multivariable) OR (95%CI)

Age at admission .007 .963 1.00 (0.94-1.07)
Site of initial presentation (PCP or not) <.001 .001 3.32 (1.61-6.82)
Duration of symptoms before presentation, d, (median, IQR) <.001 .022 1.04 (1.01-1.07)
Loss of appetite .012 .405 1.42 (0.63-3.21)
Abdominal pain .004 .078 2.39 (0.91-6.30)
Nausea/emesis .001 .022 2.44 (1.13-5.23)
Edema .120 .607 1.40 (0.39-5.03)
Diaphoresis .135 .434 1.76 (0.43-7.26)
More than 2 symptoms <.001 .033 2.51 (1.08-5.86)

Values in bold indicate P < .05 on univariate analysis.
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in 6% (6/97), left ventricular noncompaction in 4% (4/97),
restrictive cardiomyopathy in 2% (2/97), and connective tis-
sue disease in 1% (1/97). Five patients were presumed to have
myocarditis in this group.

On multivariable analysis, initial presentation to PCP
(P = .001), longer duration of symptoms before presentation
(P = .022), nausea/emesis (P = .022), and presence of 2 or
more symptoms (P = .033) remained associated with a
missed diagnosis of heart failure (Table III).

The only difference in the frequency of symptoms between
missed and not-missed patients within age groups was
observed in infants and adolescents (Table IV; available at
www.jpeds.com). Among infants, those with missed
diagnosis were more likely to present with diaphoresis
(36% vs 8%, P = .03). Among adolescents, those with
missed diagnosis were more likely to have abdominal pain
(47% vs 17%, P = .046).

There was no difference in clinical outcomes (MCS, LOS,
mortality, or cardiac transplant) of the index hospitalization
between the missed and not-missed groups (Table V;
available at www.jpeds.com).

At initial presentation, 87% (82/94) of missed patients
were prescribed some type of medication (not targeting
Table VI. Clinical impact related to unnecessary
testing and management of patients with missed
diagnosis of new-onset systolic heart failure

Management n = 94

Medical management
Outpatient medical management for incorrect diagnosis, n (%) 82 (87)
Admission for management of incorrect diagnosis, n (%) 21 (22)

Nonrelevant testing
Noninvasive diagnostic testing, n (%)* 17 (18)
Invasive diagnostic testing, n (%)† 4 (4)

Complication because of testing or therapy for incorrect
diagnosis, n (%)z

5 (5)

*Includes 8 computed tomography scan of abdomen or pelvis, 3 computed tomography scan of
head, 3 abdominal ultrasound, 2 hepatobiliary iminodiacetic acid scan, and 1 allergy testing.
†Includes 1 liver biopsy, 1 nonrelevant lumbar puncture (of the 3 lumbar punctures in the
cohort, 2 were in the setting of neonatal sepsis work-up), 2 esophagogastroduodenoscopy
(1 in the patient who also underwent liver biopsy) and 1 pH probe study.
zIncludes 1 cardiac arrest after intubation for planned laparotomy, 1 patient instituted on dial-
ysis for renal failure, which was secondary to low cardiac output and heart failure, 1 patient
undergoing liver biopsy because of concern for hepatomegaly, and 2 patients receiving
more than 60 mL/kg of fluid resuscitation in the setting of heart failure.

Missed Diagnosis of New-Onset Systolic Heart Failure at First Pr
heart failure), including antibiotics, bronchodilators, anti-
emetics, and decongestants (Table VI). Further, 22% (21/
94) of the cohort were admitted for medical management
not targeted to heart failure. Eighteen percent (17/94)
underwent noninvasive testing not relevant to heart failure
(strep test, abdominal radiograph, ultrasound, computed
tomography scans), and 4% (4/94) underwent invasive
testing not relevant to heart failure (eg, pH study, lumbar
puncture, esophagogastroduodenoscopy, and liver biopsy).
Some of these instances led to harm. For instance, a patient
was evaluated in an ED for respiratory complaints, had a
chest radiograph that revealed cardiomegaly and slightly
prominent pulmonary vascular markings, and was
subsequently discharged home with bronchodilator therapy.
However, the patient presented a few weeks later in acute
cardiorespiratory failure and died, with postmortem
examination revealing dilated cardiomyopathy. Two
patients were referred for surgical intervention for heart
failure symptoms: 1 for cholecystectomy because of right
upper quadrant abdominal pain and an ultrasound showing
gall bladder sludge, and 1 for exploratory laparotomy
because of suspected appendicitis attributable to right-sided
abdominal tenderness. The patient referred for
cholecystectomy had an enlarged cardiac silhouette seen on
the admission abdominal radiograph at our institute and
was correctly diagnosed with heart failure before surgery.
The patient planned for laparotomy suffered cardiac arrest
on anesthesia induction at the outside hospital, which
prompted a cardiac evaluation demonstrating cardiomegaly
on chest radiograph and severely depressed systolic function
on echocardiography. On evaluation at our center, that
patient was also noted to have a gallop rhythm and
hepatomegaly on examination. Another patient had been
started on dialysis prior to referral to our center for
further management of their renal failure. However,
abdominal radiograph revealed cardiomegaly, which
eventually led to a correct diagnosis of dilated
cardiomyopathy and heart failure.
Overall, 5% (5/94) suffered complications from the

testing/therapeutic measures, including 1 cardiac arrest after
intubation for planned laparotomy, 1 patient started on dial-
ysis for management of renal failure, 1 patient undergoing
liver biopsy because of concern for hepatomegaly, and 2
esentation in Children with No Known Heart Disease 261
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Table VII. Errors in different realms of patient-
provider encounter and care in cases with missed
diagnosis of systolic heart failure

n = 94

Patient-provider encounter
No patient-provider encounter, n (%) 0 (0)
Problems in ordering further diagnostic test for workup, n (%) 73 (78)
Error related to medical history, n (%) 46 (49)
Error related to physician examination performance, n (%) 51 (54)
Failure to review previous documentation, n (%) 1 (1)
None, n (%) 0 (0)

Documentation-related
Failure to review previous documentation, n (%) 0 (0)
Failure to acknowledge heart failure history or family history of

cardiomyopathy, n (%)
4 (4)

Failure to document the provider visit, n (%) 0 (0)
No evidence of differential diagnosis, n (%) 47 (50)
None, n (%) 43 (46)

Diagnostic testing
Ordered test not performed at all, n (%) 1 (1)
Ordered test not performed correctly, n (%) 0 (0)
Ordered test not interpreted correctly, n (%) 9 (10)
Misidentification, n (%)* 0 (0)
None, n (%) 84 (89)

Follow-up and tracking
Problem with timely follow-up of abnormal diagnostic test

results, n (%)
11 (12)

Problems with scheduling of appropriate and/or timely
follow-up visits, n (%)

46 (49)

None, n (%) 37 (39)
Referrals
Problem initiating referral, n (%) 65 (69)
Lack of appropriate actions on requested consultation, n (%) 3 (3)
Communication breakdown from consultant to referring

provider, n (%)
0 (0)

None, n (%) 26 (28)

*Includes mislabeling or incorrect test being performed.
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patients receiving more than 60 mL/kg of fluid resuscitation
in the setting of heart failure.

Table VII shows diagnostic error-related breakdowns in
the missed cohort.12,13 In the patient-provider encounter
dimension, tests were not ordered in 78% of patients at
initial assessment (ie, they did not receive relevant testing
including a chest radiograph, electrocardiogram [ECG] or a
B-type natriuretic peptide [BNP] level measurement).
Forty-nine percent of the records had an error related to
medical history, including nature and duration of
symptoms, and family history of sudden death or
cardiomyopathy. In 54% of the cases, there were errors
related to physical examination, including absence of
recorded vital signs, or lack of comment about abnormal
vital signs in the “assessment”/“plan” sections. Fifty percent
of the cases lacked a differential diagnosis, and in 4% of the
cases, a significant family history concerning for cardiac
disease (which might have prompted further cardiac
investigation) was not documented in the initial
presentation, but documented in the subsequent admission
note in the hospital. In 10% (9 patients) of the cases, testing
was not interpreted correctly by the ordering caregiver (eg,
failure to detect cardiomegaly or increased pulmonary
vascular markings on chest/abdominal radiographs). In 8 of
the 9 cases, the test interpretation was performed by the
262
ordering provider, without a final radiology read available
prior to initiation of nonheart failure management and/or
transfer. In the remaining patient, the final test read from
radiology was communicated to the care team 48 hours
after the test. Appropriate follow-up, such as early PCP visit
or close follow-up at the ED, was lacking in nearly one-half
of patients (49%). Sixty-nine percent of the patients met
clinical criteria for referral to a cardiology clinic or inpatient
cardiology consult, but it was never made.
Discussion

Our findings suggest that childrenwho present with GI symp-
toms rather than cardiovascular features of heart failure are
more likely to be missed. GI symptoms are known to be com-
mon in childrenwith heart failure, especially in adolescents.8,9

In a review of children with a new diagnosis of dilated cardio-
myopathy, Hollander et al found that GI complaints such as
nausea, vomiting, abdominal pain, decreased appetite, or
weight loss were frequently described in infants (42%), chil-
dren aged 1-10 years (28%), and adolescents (65%).11 Maci-
cek et al reported that over 80% of children with
decompensated heart failure in the ED presented with at least
one GI sign or symptom.10 Our study confirms that GI symp-
toms remain an underappreciated feature of decompensated
heart failure.10,11,19 We recommend that curriculum to train
future pediatricians should emphasize these clinical features
and encourage inclusion of heart failure in the differential
diagnosis of children presenting with GI complaints.
Of the patients in the missed cohort, 87% were prescribed

medicines not related to heart failure. Awaiting response to
these medications which would be ineffective for heart failure
symptoms may have contributed to the delay in institution of
appropriate therapies. Twenty-two percent of the patients
were admitted for medical management with nonheart failure
strategies, which is important as it indicates multiple medical
teams missed the diagnosis of heart failure in these patients.
Further, 18% of the patients underwent nonrelevant noninva-
sive testing, and 4% underwent nonrelevant invasive testing.
Advanced imaging such as computed tomography scans and
sedated magnetic resonance imaging scans as well as proced-
ures such as liver biopsy, lumbar puncture, and esophagogas-
troduodenoscopy performed on children with a missed heart
failure diagnosis exposed them to risk of morbidity or radia-
tion. Further, 5%hada complication related to anunnecessary
procedure. Conversely, relatively inexpensive cardiovascular
testing that might provide important diagnostic clues such
as chest radiograph, ECG, or BNP testing were often not per-
formed or sometimes misinterpreted when performed.
Unexpectedly, and despite the potential consequences of a

missed diagnosis of heart failure, children in the missed
cohort did not suffer worse outcomes, including MCS,
LOS, transplant, or mortality. One potential reason could
be that children with a missed diagnosis were more likely
to present to their PCP rather than the ED and were not as
acutely ill. It is also possible that the patients in the missed
Puri et al
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cohort who suffered mortality may have had better outcomes
if the heart failure had been diagnosed on time and manage-
ment initiated earlier. Nevertheless, this finding is similar to
that in adults in which a diagnosis of chronic heart failure was
missed but had no impact on heart failure-related mortality
or readmission.20

Diagnostic errors in pediatric cardiology are understudied.
Previously, Benavenidez et al reviewed diagnostic errors in
the echocardiography laboratory (defined as missing a
finding or a diagnosis on an echocardiogram), and found
254 errors in 6 years (0.17% of 147 000).21 In pediatrics,
new-onset heart failure is an uncommon clinical syndrome,
and hence may be expected to have some error in its recogni-
tion. However, in our cohort, 88% of the children with
missed heart failure had 2 or more symptoms of heart failure,
which should result in heart failure being included in the dif-
ferential diagnosis even if it occurs rarely. Performing chest
radiograph, ECG, or serum BNP testing to investigate that
possibility, while attempting other symptomatic manage-
ment, should be considered.22,23

Process breakdowns largely involved basic clinical skills,
from incorrect history of symptoms, missed family history
of cardiomyopathy, errors in physical examination including
missing vital signs, and lack of a differential diagnosis. An
adult primary care study found 80% of diagnostic error cases
had no differential diagnoses documented.24 Several strate-
gies to improve data gathering and interpretation skills and
use of differential diagnosis could be useful.25 Although
this study was not planned as a quality assessment project,
the findings of the study spurred us to carry out a community
workshop to increase awareness about pediatric heart failure
for providers in the clinics and urgent care facilities affiliated
with our institution.

Our study was limited to a single site. We did not have in-
formation about accreditation or training level of providers
involved. We were also limited in our assessment by provider
documentation where thought processes may be incom-
pletely conveyed. Hindsight bias can occur with retrospective
reviews.26 A prospective quality assessment study to examine
each case of heart failure admitted will better capture some of
this information through real-time case analysis, debriefs
with the PCP or ED physicians and knowledge of systems is-
sues involved.27 We identified several areas where interven-
tions can be focused to reduce missed heart failure,
including strategies to improve data gathering and clinical
reasoning based on history and physical examination. n
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Table II. Diagnoses (incorrectly) assigned to patients with a missed diagnosis of systolic heart failure

Incorrectly assigned diagnoses Overall (n = 94) n (%) PCP (n = 60) n (%) ED or in-patient (n = 34) n (%) P value*

Bacterial infection-pneumonia/sinusitis/otitis media 27 (29) 15 (25) 12 (35) .004
Viral syndrome 21 (22) 16 (27) 5 (15)
Gastroenteritis or hepatitis 20 (21) 11 (18) 9 (27)
Asthma/reactive airway disease 9 (10) 6 (10) 3 (9)
Behavioral/no diagnosis 10 (11) 7 (12) 3 (9)
Constipation 2 (2) 1 (2) 1 (3)
Metabolic disorder 2 (2) 1 (2) 1 (3)
Renal disorder 1 (1) 1 (2) 0 (0)
Delay in referral/nonspecific cardiology referral 2 (2) 2 (3) 0 (0)

*c2 test for distribution of incorrect diagnoses between sites of presentation.
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Table IV. Clinical characteristics of patients with correct and missed diagnosis of systolic heart failure stratified by age

<1 y 1-2 y 2-12 y >12 y

n = 25 n = 50

P value
(OR, 95% CI)

n = 13 n = 7

P value
(OR, 95% CI)

n = 37 n = 22

P value
(OR, 95% CI)

n = 19 n = 18

P value
(OR, 95% CI)Missed

Not
missed Missed

Not
missed Missed

Not
missed Missed

Not
missed

Tachypnea/increased work
of breathing, n (%)

18 (72) 33 (66) .600 (1.33, 0.46-3.79) 12 (92) 7 (100) 1 (1.08, 0.93-1.27) 22 (60) 13 (59) .978 (1.02, 0.35-2.97) 9 (47) 8 (44) .858 (1.13, 0.31-4.11)

Cough, n (%) 9 (36) 8 (16) .051 (2.95, 0.97-8.99) 3 (23) 3 (43) .613 (0.40, 0.06-2.89) 8 (22) 6 (27) .622 (0.74, 0.22-2.50) 4 (21) 3 (17) 1 (1.33, 0.25-7.01)
Loss of appetite, n (%) 17 (68) 24 (48) .101 (2.30, 0.84-6.30) 7 (54) 1 (14) .158 (7.00, 0.65-75.74) 18 (49) 6 (27) .106 (2.53, 0.81-7.89) 8 (42) 3 (17) .091 (3.64, 0.78-16.93)
Abdominal pain, n (%) 0 (0) 0 (0) NA 1 (8) 1 (14) 1 (0.50, 0.03-9.46) 16 (43) 7 (32) .384 (1.63, 0.54-4.95) 9 (47) 3 (17) .046 (4.50, 0.97-20.83)
Nausea/vomiting, n (%) 10 (40) 15 (30) .386 (1.56, 0.57-4.24) 8 (62) 1 (14) .070 (9.60, 0.88-105.17) 22 (60) 8 (36) .086 (2.57, 0.86-7.62) 11 (58) 5 (28) .065 (3.58, 0.90-14.15)
Syncope/palpitations 2 (8) 4 (8) 1 (1, 0.17-5.87) 1 (8) 0 (0) 1.000 (1.08, 0.93-1.27) 4 (11) 1 (5) .641 (2.55, 0.27-24.36) 6 (32) 7 (39) .642 (0.73, 0.19-2.81)
Diaphoresis, n (%) 9 (36) 4 (8) .003 (6.45, 1.75-23.93) 0 (0) 0 (0) NA 0 (0) 0 (0) NA 0 (0) 0 (0) NA
Edema, n (%) 0 (0) 0 (0) NA 1 (8) 0 (0) 1.000 (1.08, 0.93-1.27) 8 (22) 2 (9) .294 (2.76, 0.53-14.38) 3 (16) 4 (22) .693 (0.66, 0.13-3.45)
Headache, n (%) 0 (0) 0 (0) NA 0 (0) 0 (0) NA 2 (5) 1 (5) 1 (1.2, 0.10-14.06) 1 (5) 0 (0) 1 (1.06, 0.95-1.17)
Lethargy/tiredness, n (%) 5 (20) 15 (30) .356 (0.58, 0.18-1.85) 3 (23) 1 (14) 1.000 (1.80, 0.15-21.48) 13 (35) 5 (23) .317 (1.84, 0.55-6.14) 11 (58) 6 (33) .134 (2.75, 0.72-10.48)
More than 2 symptoms 13 (52) 16 (32) .094 (2.302, 0.860-6.160) 6 (46.2) 1 (14.3) .329 (5.14, 0.48-55.64) 27 (73) 5 (23) <.001 (9.18, 2.68-31.51) 16 (84) 4 (22) <.001 (18.67, 3.55-98.17)

NA, not applicable.
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Table V. Severity measures and secondary outcomes of
missed and correct diagnoses of systolic heart failure

Outcome/severity
Missed
(n = 94)

Not missed
(n = 97)

P
value

OR
(95% CI)

Renal dysfunction at
admission, n (%)

34 (36) 31 (32) .683 1.14 (0.62-2.08)

Intubation at admission,
n (%)

54 (57) 51 (53) .499 1.22 (0.69-2.16)

MCS in index admission,
n (%)

29 (31) 21 (22) .148 1.62 (0.84-3.10)

LOS in d, (median, IQR) 22 (12-61.5) 21 (12.5-41) .504
Transplant in index
admission, n (%)

11 (12) 10 (10) .758 1.15 (0.47-2.86)

Death in index
admission, n (%)

11 (12) 11 (11) .915 1.05 (0.43-2.55)
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