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Abstract

Objectives: Diagnostic errors frequently represent signifi-
cant adverse events that can occur in any medical setting,
particularly in rushed handovers and constrained timing.
Cases that result in emergency hospitalization at the time of
the initial outpatient visit aremore likely to have complex or
serious patient conditions and more detrimental diagnostic
errors. Our study investigated diagnostic errors in these
under reported situations.
Methods: We conducted a retrospective study using elec-
tronic medical record data on patients who were directly
admitted to a newly established outpatient clinic at a single
university hospital in Japan. Diagnostic errors were assessed
independently by two physicians using the Revised Safer
Dx instrument. We analyzed patient demographics, symp-
toms, referrals, and resident doctor (postgraduate-year-1)
involvement using logistic regression to compare groupswith
and without diagnostic error. Additionally, we employed the
Diagnostic Error Evaluation and Research (DEER) taxonomy
and Generic Diagnostic Pitfalls (GDP) to examine the factors
associated with diagnostic errors.
Results: The study included 321 patients, with diagnostic
errors identified in 39 cases (12.1 %). Factors contributing to
diagnostic errors included the involvement of young resi-
dents, male patients, the number of symptoms, and atypical

presentation. The most common causes of diagnostic errors
were “too much weight given to competing/coexisting diag-
nosis” as indicated by DEER and “atypical presentation” by
GDP.
Conclusions: The frequency of diagnostic errors in this
study was higher than those in previous studies of new
outpatient visits, underscoring the imperative for height-
ened scrutiny in cases involvingmedical residents especially
when patients present with multiple or atypical symptoms.
This vigilance is crucial to mitigating the risk of diagnostic
inaccuracies in these settings. Cases that result in emergency
hospitalization at the time of the initial outpatient visit are
more likely to have complex or serious patient conditions
and more detrimental diagnostic errors.
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Introduction

Diagnostic errors are common phenomena that occur across
a wide range of patient encounters [1] and represent the
most frequent cause of medical litigation [2]. The frequency
of diagnostic errors varies across practice settings. For
instance, in outpatient settings, approximately 5 % of new
patients experience diagnostic errors, and nearly half of
these errors result in harm to the patient [3, 4]. In primary
care settings, such as clinics, error rates are notably higher
for serious conditions like cancer and heart diseases (such as
myocardial infarction) [5]. In the field of general internal
medicine, cancers, pulmonary embolisms, and infections are
commonly misdiagnosed [6]. Additionally, it has been noted
that a significant proportion of preventable adverse events
in initial outpatient care are related to diagnostic issues [7].
Furthermore, unexpected hospitalizations or return visits
within 14 days following an initial outpatient consultation
are also linked to diagnostic errors [8].

It is important to understand, however, that although an
outpatient provider may recognize the need for hospitali-
zation, specific diagnostic errors themselves do not neces-
sarily “lead to” this decision. More commonly, it is the
recognition of the severity of a patient’s condition that
prompts hospitalization. Differentiating between these two
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factors provides a clearer understanding of the relationship
between diagnostic errors and hospital admissions. Conse-
quently, diagnostic errors in outpatient care settings have
been studied from various perspectives [6–8].

That said, studies focusing on patients admitted directly
following their first outpatient visit are lacking. In general,
diagnostic errors occurring during initial outpatient visits
that donot result in immediate hospitalization are considered
less severe than those that do require urgent hospitalization
[9]. This is particularly concerning because these situations
involve patients whose conditions were not fully anticipated
during the initial consultation, requiring emergency hospi-
talization. The emergency nature of these hospitalizations
suggests that the patient’s condition is complex or severe,
making outpatient management challenging [10]. In cases
where the patient’s vital signs deteriorate, the likelihood of
diagnostic errors increases, especially during handoffs
between caregivers [11]. Therefore, it can be stated that pa-
tients admitted directly from their first outpatient visit are in
a situation that heightens the risk of diagnostic errors.

As such, analyzing diagnostic errors in patients requiring
immediate hospitalization after their first consultation is
essential for patient safety and aligns with the broader
objective of improving diagnostic accuracy [1]. Understanding
the errors associated with such hospitalizations requires an
in-depth examination of both the mechanisms of these errors
and the underlying factors that contribute to them. Therefore,
this study will explore diagnostic errors in detail, including
error mechanisms and the conditions that precipitate them.
The insights gained are expected to help inform strategies for
reducing diagnostic errors in patients transitioning from
outpatient visits to hospitalization, ultimately enhancing
diagnostic quality, supporting patient safety, and improving
overall healthcare outcomes.

Patients and methods

Setting and patients

Juntendo University Hospital, a 1,051-bed university-
affiliated hospital in Tokyo, is a tertiary referral hospital in
the region. The Department of General Medicine and the
Department of Emergency Medicine are at the forefront of
emergency primary care, providing new outpatient consul-
tations and emergency responses 24 h a day. The Depart-
ment of General Medicine has overseen new outpatient
consultations since 2010, with an average of approximately
3,000 new outpatients per year (an average of 12.1 patients
per day). Data of patients who visited the tertiary referral
hospital between May 1, 2014, and March 31, 2022, and

subsequently admitted to the hospital were retrospectively
extracted from electronicmedical records. The Primary Care
Center is controlled by The Department of General Medicine
and the Department of Medicine and accepts initial outpa-
tient visits to the hospital. The patient background is mainly
walk-in patients with referrals, rather than cases trans-
ported by ambulance. All patients in this study were walk-in
and off-appointment patients. Patients who visited outside
regular hours or emergency outpatient services were
excluded from the study. In addition, cases where the final
diagnosis was not recorded or was unknownwere excluded.

Ethics

Participants’ clinical datawere retrospectively retrieved from
the institution’s database. All tests included in this studywere
performed as part of a routine program, and no data were
collected specifically for the purpose of this research. Partic-
ipants’ records and information were anonymized and
de-identified prior to analysis. As this was a retrospective
study, patient consent was obtained via opt-out on the Jun-
tendo website. The protocol for this study was approved by
the Institutional Review Board of Juntendo University Hos-
pital (Approval number E22-0175). This study was conducted
in accordance with the Declaration of Helsinki. All the study
methodswere followed theEthicalGuidelines forMedical and
Health Research Involving Human Subjects.

Variables

The measured variables included patients’ age, sex, chief
complaint, number of symptoms, presence of referral letter
from another hospital or clinic, resident doctors’ involvement,
AM or PM visit, initial diagnosis, final diagnosis, disease
category, diagnostic error, and length of stay. The number of
chief complaints and symptoms were obtained from the
medical questionnaire answered by the patient, and the
number of symptoms were counted according to the Inter-
national Classification of Primary Care SecondEdition (ICPC-2)
Japanese version [12]. The reason for surveying the difference
between AM and PM is that more errors have been reported
during shift changes in the emergency room, and more diag-
nostic errors occur during weekends [13, 14]. We defined 8:00-
12:59 as a.m. and 13:00-17:00 as p.m., as regards the timing of
the start of the examination. Tominimize bias during the case
review, we used common definitions of diagnostic error:
“delay in diagnosis” and “missed or wrong diagnoses” [15].

After graduating from medical school, resident doctors
in Japan are required to spend two years in residency,
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during which they are required to rotate through internal
and emergency medicine, surgery, pediatrics, obstetrics and
gynecology, psychiatry, and community medicine, and
spend at least onemonth in outpatient care [16]. The resident
doctor’s basic duties are ward rounds. The residents at this
hospital have amonth inwhich they only do outpatient work
in their postgraduate year (PGY) 1 during which they train at
the new outpatient clinic of the hospital’s general medicine
department. Resident doctors’ involvementwas confirmed if
there was a medical record entry by a resident doctor
rotating through the outpatient clinic. The initial and final
diagnoses were limited to the primary disease associated
with the chief complaint leading to admission.

The International Classification of Diseases, 11th edition
(ICD-11) was used for the disease category [17]. ICD-11 cate-
gorizes diseases into 26 broad categories, including infectious
diseases, neoplasms, and cardiovascular diseases, and this
study used these categories accordingly. The initial diagnosis
for the disease according to ICD-11 was assigned by the
physician at the time of patient admission, and the final
diagnosis was assigned at the time of patient discharge. Based
on the final diagnosis, the medical record was reviewed to
assesswhether a casewas a commonor uncommon condition
and typical or atypical disease. The disease was considered
uncommon if the final diagnosis was registered in Orphanet
[18]. Otherwise, if prevalence or incidence was listed in
UpToDate™ or DynaMed™, the disease was classified as
common or uncommon/rare, with a cutoff of 1 per 2,000
patients. For those not listed, diseases routinely encountered
in outpatient practice were classified as common and all
others as uncommon. Orphanet is an online service where
rare diseases are registered. UpToDate™/DynaMed™ are both
reliable medical information databases that hold epidemio-
logical information and are used by healthcare professionals
to quickly obtain evidence-based information in clinical
practice.

Two physicians (YW and TM, general medical doctors in
their 8th and 14th year of practice) independently assessed
diagnostic errors using the Revised Safer Dx instrument, and
the concordance ratewas 98.1 % [19, 20]. Caseswhere the two
physicians disagreedwere assessed by a third physician (TS),
to determine whether an error had occurred. Revised safer
Dx, devised by Hardeep Singh in 2019, examines whether a
loss of diagnostic opportunity for 13 items occurred and
assesses whether a diagnostic error occurred as a result. The
two physicians carefully evaluated the cases based on the
medical records, paying attention to the differences between
common and uncommon, typical and atypical diagnoses.
Diagnostic Error Evaluation and Research (DEER) taxonomy
and Generic Diagnostic Pitfalls (GDP) were used to analyze
error cases [21, 22]. Both DEER and GDP are methods created

by SchiffGD to evaluate the causes of diagnostic errors. DEER
is evaluated in the chronological sequence from the patient’s
visit to the follow-up after the consultation; GDP is evaluated
in 12 situations that are likely to result in pitfalls. The two
together provide a better understanding of the characteris-
tics of diagnostic errors. Two physicians also evaluated these
independently at a rate of 93.6 %. The two physicians dis-
cussed the results and made a final decision.

Data analysis

All patient background data and diagnostic error analysis
contents were manually entered by the authors after
checking the electronic medical records. The results are
presented as means ± standard deviation for continuous
variables, and as prevalence (%) for categorical variables. A
logistic regression analysis was performed with the non-DE
group as the reference for intergroup comparisons between
the groups with diagnostic error (DE) and the group without
diagnostic error (non-DE). The covariates were age, sex,
number of symptoms, referral, resident’s involvement,
afternoon visit, length of stay, mortality within the period of
hospitalization, and uncommon or atypical; all variables
were entered simultaneously into the logistic regression
model. The Kenward–Roger method was used to estimate
the degrees of freedom; 95 % confidence intervals (CIs) were
calculated using Cox proportional hazards model [23]. All
statistical analyses were performed using SAS version 9.4
(SAS Institute, Cary, NC, USA). Statistical significance was set
at p<0.05.

Results

A total of 898 patients were examined during our new
outpatient/emergency department visits. Subsequently, 279
patients who visited the emergency department, 99 who
visited the specialized outpatient clinic for COVID-19, and 193
who visited the outpatient clinic after hours were excluded.
A total of 327 patients were included in the study; six cases in
which the final diagnosis remained unknown were
excluded, and 321 patients were included in the study
(Figure 1). The number of errors reported during this period
was 39 (12.1 %).

The mean age of the patients was 59 ± 22 years. There
were 149 (46.4 %) female patients. The mean number of
symptoms reported by the patients was 3 ± 1. 67 patients
(20.9 %) were referred to the hospital, and 124 (38.8 %) were
treated by residents; 153 (47.7 %) patients were examined in
the afternoon at an outpatient clinic. The length of hospital
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stay was 20 ± 33 days; 73 (22.7 %) patients had an uncommon
course, and 108 (33.6 %) had an atypical course. The number
of errors reported during this period was 39 (12.1 %). In the
group comparison, the error group predominantly had
fewer reported errors among female patients, more errors
in cases involving residents, afternoon outpatients, uncom-
mon/atypical cases, and longer hospital stays (Table 1).

The total number of chief complaints in the study pop-
ulation was 455. Altogether, 130 (28.6 %) of the study partic-
ipants had a chief complaint of fever. Fever was the most
common complaint among the 39 patients in the DE group
(23 patients, 59.0 %). All other chief complaints were named
by fewer than four patients. The main complaints of the
overall group and the diagnostic error cases are shown in
Supplementary Material, Appendix 1 (Table).

Logistic regression analysis in the DE and non-DE
groups showed that female patients were predominantly
less prone to diagnostic errors (adjusted odd ratio (aOR 0.22),
95 % confidence interval (CI) (0.09–0.52), p<0.001). Mean-
while diagnostic errors tended to be higher with greater
number of symptoms (aOR 1. 33, 95 %CI(1.01–1.75), p=0.043),
more resident doctors (PGY-1) involved (aOR 2.34, 95 %
CI(1.08–5.06), p=0.032), more atypical cases (aOR 4.12, 95 %
CI(1.81–9.40), p<0.001) (Table 2).

The category of disease with the most diagnostic errors
was infectious diseases (20 cases, 51.3 %). The most common of
thesewerepneumonia (4 cases), pharyngitis (2 cases), anddeep

abscess (2 cases). The next most common category was blood
disorders (5 cases, 12.8 %), with coagulation disorders being the
most common (3 cases). The next most common category
was autoimmune disorders (4 cases, 10.3 %), with auto-
inflammatory syndrome being the most common (3 cases).

All patients seen at a primary care 
center and subsequently hospitalized

n=898

Transported by ambulance n=279

DE cases
n=39

Non DE cases
n=282

Not an emergency visit n=619

After-hours reception n=193

Patients seen as walk-ins during reception hours 
and subsequently hospitalized

n=328

COVID19 Outpatient Specialty n=99

Final diagnosis was unknown n=7

n = 321

Legend: DE: diagnostic error Figure 1: Participant flow. DE, diagnostic error.

Table : Total cases of DE and non-DE.

Total DE () Non-DE
()

p-Value

Age  ±   ±   ±  .
Sex: women 

(.)
 (.)  (.) <.

Number of symptoms  ±   ±   ±  .
Referral letter available 

(.)


(.)
 (.) .

Involvement of residents in the
practice



(.)


(.)
 (.) .

Visited in the afternoon 

(.)


(.)
 (.) .

Duration of hospitalization  ±   ±   ±  .
Number of deaths  (.)  (.)  (.) .
Uncommon 

(.)


(.)
 (.) <.

Atypical 

(.)


(.)
 (.) <.

Continuous variables are presented as mean ± SD and nominal variables as
number (%).
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The categories of initial and final diagnoses were eval-
uated. When only diagnostic error cases were evaluated,
21.7 % cases showed a different category between the initial
and final diagnoses. The disease category with the most
diagnostic errors was infectious diseases.

In DEER, “too much weight on competing/coexisting
diagnosis” (category 5C) was the most common cause of diag-
nostic error, whereas in GDP, atypical presentation (category 5)
was the most common cause of diagnostic error. When fever
was the chief complaint, “Erroneous lab/radiology reading of
test” (category 4H) was most common in DEER, and “counter-
diagnosis cues overlooked (e.g., red flags)” (category 6) was
most common in GDP. As for the other chief complaints, “Too
much weight on competing/coexisting diagnosis” (category 5C)
was most common in DEER, and “Atypical presentation”
(category 5) was most common in GDP (Table 3).

Discussion

Diagnostic errors accounted for 12.1 % of all cases in
this study. Overall, female patients experienced a lower

frequency of diagnostic errors. Higher number of symptoms,
residents’ involvement, and the more atypical diagnoses
were all associated with more diagnostic errors. In addition,
21.7 % of cases with diagnostic errors showed a change in
disease group. The most common cause for error was the
stage of examination and assessment in DEER, whereas
atypical presentation or missed findings that could be a clue
to the diagnosis were more common in GDP.

Frequency of diagnostic errors

The incidence of diagnostic errors in new outpatient visits is
estimated to be approximately 5 %. However, in this study, it
was 12.1 %, indicating a higher than usual risk of error [3].
Compared with previous studies that examined the inci-
dence of errors on a case-by-case basis, the incidence of
diagnostic errors in patients admitted to the hospital and
transferred to the ICU was 23 % [24]. This study found a
difference in the length of stay between DE and non-DE and
mortality rates tended to be higher, although not signifi-
cantly different due to small patient numbers.

Table : Comparison between DE group and non-DE group.

OR Lower CI Upper CI p-Value aOR Lower CI Upper CI p-Value

Age . . . . . . . .
Sex women . . . <. . . . <.
Number of symptoms . . . . . . . .
Referral letter available . . . . . . . .
Involvement of residents in the practice . . . . . . . .
Visited in the afternoon . . . . . . . .
Duration of hospitalization . . . . . . . .
Number of deaths . . . . . . . .
Uncommon . . . <. . . . .
Atypical . . . <. . . . <.

Non-DE group as a reference. CI, confidence interval; OR, odd’s ratio; aOR, adjusted odd’s ratio.

Table : Diagnostic error cause analysis.

Method Category Description Diagnostic error total, n (%) Fever as chief complaint, n (%) Other chief complaint, n (%)

DEER A Elicit history  (.)  ()  (.)
DEER A Elicit exam  (.)  (.)  ()
DEER A Order tests  (.)  ()  (.)
DEER H Erroneous read  (.)  (.)  (.)
DEER K Error in interpretation  (.)  (.)  ()
DEER C Competing dx  (.)  (.)  (.)
GDP  Limitations of tests  (.)  (.)  (.)
GDP  A mistaken for B  (.)  (.)  (.)
GDP  Atypical presentation  (.)  (.)  (.)
GDP  Counter dx cue overlooked  (.)  (.)  (.)

The causes of diagnostic errors were analyzed by chief complaint. DEER, diagnostic error evaluation and research taxonomy. A: failure/delay in eliciting
critical piece of history data. A: failure/delay in eliciting critical physical exam findings. A: failure/delay in ordering needed test(s) H: erroneous lab/
radiology reading of test. K: error in clinician interpretation of test. C: too much weight on competing/coexisting diagnosis. GDP, generic diagnostic
pitfalls. : limitations of a test or exam finding not appreciated. : disease A repeatedlymistaken for disease B. : atypical presentation. : counter-diagnosis
cues overlooked.
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Gender differences in susceptibility to
diagnostic errors

Women were significantly less prone to diagnostic errors. A
report on the frequency of error susceptibility according to
patient sex reported that males had more undocumented
malignancies in an analysis of autopsy cases, with no other
significant difference [25]. Although we were not able to
conduct a rigorous survey, it is possible that the sex of doc-
tors may also affect their practice. It has been reported that
when female physicians cared for female patients, they had
lower 30-day mortality and readmission rates, with no sig-
nificant differences in other gender differences [26]. A pre-
vious study reported that the mortality and readmission
rates were lower for patients treated by female physicians
than among those treated by male physicians [27]. It is
possible that the physician’s gender may have some influ-
ence in the diagnostic field as well. In addition, we compared
the results of the measurements taken on male and female
patients (age, length of hospitalization, common/uncommon
disease, typical/atypical disease, etc.), but there were no
significant differences in any of the measurements (Sup-
plementary Material, Appendix 2). We also evaluated the
initial and final diagnoses for male and female patients.
Bacterial pneumonia was the most common diagnosis for
both men and women (25 [14.5 %] for men and 19 [12.8 %] for
women), followed by pyelonephritis (7 [4.1 %] for men and 17
[11.4 %] for women) and aseptic meningitis (7 [4.1 %] for men
and 10 [6.9%] forwomen).When comparingmen andwomen
in this study, the final diagnoses were all ranked the same,
and there were no differences in diseases. An important
limitation of this study is that wewere unable to link the data
with the gender of the doctors; multiple doctors often write
the medical records, and it is not always clear who the main
doctor is. For this reason, the gender of thedoctors involved in
this study remains unknown. In the future, we would like to
further evaluate patient-physician factors in diagnosis.

Diagnostic errors associated with the
number of symptoms

Based on our finding, we assumed that a greater number of
symptoms increases diagnostic complexity. We cannot rule
out the possibility that many symptoms lead to atypical
presentations. In addition, the complexity of the cases
may increase when there are many symptoms because
researchers have to consider differential diagnosis for each
symptom, and their combination. As the patients were seen
in a university hospital, the high complexity levels of the

patient base may have led to errors due to decision fatigue
among the physicians [28]. In situations prone to decision
fatigue, it is advisable to take intermittent breaks to reju-
venate the mind and collaboratively assess the issue using
the collective intelligence of multiple physicians [29].

Resident doctor involvement

Residents are more prone to diagnostic errors, especially
during history taking, physical examinations, and assess-
ments [30]. In this hospital, when residents are involved in
the new outpatient care, they are often seen as the first point
of contact. It is possible that the diagnostic accuracy may be
influenced by the accuracy of the resident’s initial diagnosis.
Previous studies have reported that the likelihood of
misdiagnosis increases if another diagnosis is given upfront
[31]. In addition, time course is more important in the
outpatient setting than in the inpatient setting, this is
because, even if only provisionally, a caregiver has tomake a
diagnosis and decision onwhether to admit the patient to the
hospital as well as to provide some initial treatment within
the limited time available during the outpatient consulta-
tion. In the United States, the participation of medical stu-
dents in outpatient consultations has been reported to delay
the completion of the consultation [32]. On the other hand, it
has been reported that the use of UpToDate® can reduce
diagnostic errors to improve the care of early clinical resi-
dents [33]. Factors such as the accuracy of diagnosis at the
time of resident consultation, and tools used by residents for
diagnosis are also important for future analyses. On the
other hand, senior physicians also assist novices to mitigate
the effects of cognitive biases, by providing more extensive
educational supports based on the resident doctor’s level of
confidence and their diagnostic skills.

Atypical presentation

Previous studies have shown that atypical cases are more
prone to diagnostic errors [34]. The fact that 21.7 % of cases
with diagnostic errors were categorized differently at the
time of initial and final diagnoses, and that the number of
symptoms was large, suggests that atypical cases are likely
to have influenced them. Atypical presentation had the
greatest impact on diagnostic errors in the GDP analysis in
this study, suggesting that they were strongly associated.
General practitioners tend to recall typical diagnoses when
making diagnostic errors [35]. Even in incident report eval-
uations, atypical cases are said to bemore likely to be related
to errors [36]. It is important to know that atypical cases are
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more prone to errors than usual, especially when patients
are admitted directly from a new outpatient visit [37]. One
way to reduce such errors is to have a wide range of dif-
ferential diagnoses and treat cases as if they fit or do not fit
the diagnostic name, leaving the possible cases as differen-
tial diagnoses. It may also be necessary to use diagnostic aids
and artificial intelligence as a diagnostic aid because these
assistances possibly support physicians by deploying
comprehensive differential diagnoses.

Analysis by DEER/GDP

In previous reports using DEER, the examination phase had
the greatest impact, followed by differential diagnosis [21]. In
the present study, however, differential diagnosis (Too
much weight given to competing/coexisting diagnosis) had a
greater impact, albeit by a small margin, followed by testing
(Erroneous lab/radiology reading of test).

In addition, this study included more atypical cases; in
a similar previous study analyzing the causes of case
reports of diagnostic errors using DEER, Failure/delay in
considering the diagnosis was the most common cause in
atypical cases [38].

The reasons for the difference from previous reports
include the possibility that the diagnosis was given in
advance due to the involvement of residents, and that the
relatively short time course from outpatient to inpatient
resulted in the physician was unable to consider the differ-
ential diagnosis, and the treatment flow moved with a
tentative diagnosis for the time being.

The trend for chief complaints other than fever was the
same as the overall trend, but when only the chief
complaint of fever was considered, the survey and assess-
ment reversed, albeit by a small margin. This is because
patients presenting with fever often need to be managed
with infection control in mind, as in a previous report on
delayed antimicrobial therapy during COVID-19 outbreaks,
making testing more likely to influence the diagnosis [39].
Atypical presentations and missed diagnostic clues
were most commonly associated with GDP. Missed labo-
ratory findings inconsistent with the diagnosis have been
reported in the past [21, 40]. We found that atypical pre-
sentation was still difficult to diagnose and influenced
diagnostic errors. The results were similar in each group
except for the overall group and the group with fever as the
chief complaint, but only in the group with fever as the
chief complaint, there were many 6: counter-diagnostic
clues overlooked. This may be because during an epidemic,
patients may believe they have the disease even if the tests
are negative.

Limitations

Thefirst limitationwas the institutional background. Thiswas
a single-center study, with selection bias in the patient pop-
ulation due to it being a university hospital that has high
thresholds for receiving care. In addition, the Department of
General Medicine often sub-specializes in infectious diseases,
which results in a bias toward infectious diseases in the
outpatient population and other disease categories. Since the
number of cases is limited to internal medicine cases, fewer
orthopedic and minor diseases were seen. Additionally, the
complexity of the consultation process and the division
between departments of university hospitals may also have
had an impact on the results. It is possible that physicians
affiliated with the same department evaluated the diagnostic
errors, whichmay have resulted in some bias. In futurework,
physicians from multiple departments should evaluate the
data. Furthermore, this was a cross-sectional study, and there
was no clarity regarding causal relationships. Additionally,
diagnostic errors are greatly influenced by the physician’s
circumstances, environment, and conditions; however, many
details of the circumstances are not as clear as in the past. This
study is a retrospective study, and patients were not exam-
ined at the time of their initial visit with an eye toward
diagnostic error. The initial diagnosis was assigned to the
disease at the time of admission, and the final diagnosis was
assigned to the disease at the time of discharge. In addition,
we did not have access to information other than the medical
records such as the patient’s condition before their outpatient
visit or the diagnosis made during that visit. The number of
cases of diagnostic errors in this study is small and does not
lead to generalization.

Despite these limitations, this is thefirst study to analyze
diagnostic errors in situations with a high risk of hospitali-
zation from new outpatient visits, and is therefore of high
value. The analysis of diagnostic errors and the proposed
measures to mitigate them prompt physicians to reduce
future errors. In the future, we would like to conduct studies
that prospectively evaluate situational and environmental
factors, including facilities of different sizes, regional char-
acteristics, and urban hospitals, and clinics.

Conclusions

The frequency of diagnostic errors in patients admitted
directly from new outpatient visits was 12.1 %, which was
higher than in previous studies of new outpatient visits. It is
necessary to pay attention to situations in which residents are
involved in medical care, especially when the number of
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symptoms is large or atypical, or when the patient is male.
Recognizing andbeing vigilant about this situation and context
is extremely important, especially in a high-risk setting where
the patient is admitted directly through new outpatient visits.

Research ethics: The protocol for this study was approved
by the Institutional Review Board of Juntendo University
Hospital (Approval number E22-0175). This study was con-
ducted in accordance with the Declaration of Helsinki. All
the study methods were followed the Ethical Guidelines for
Medical and Health Research Involving Human Subjects.
Informed consent: As this was a retrospective study, patient
consent was obtained via opt-out on the Juntendo website.
Author contributions: All authors were involved in study
design, data interpretation, and manuscript preparation. YW
and TM are the principal investigators and were responsible
for regulatory compliance, participant recruitment, data
collection, data analysis, and manuscript preparation. WW,
TM, TS, YN, SU, KS, SK, NA, MS, AK and TN contributed to the
study coordination anddata collection, entry, and analysis. All
authors read and approved the final manuscript.
Use of Large Language Models, AI and Machine Learning
Tools: Not applicable.
Conflict of interest: The authors state no conflict of interest.
Research funding: TM received a grant from the National
Academic Research Grant Funds (JSPS KAKENHI: 22K17310).
Data availability: The raw data can be obtained on request
from the corresponding author.

References

1. Committee on diagnostic error in health C, board on health care S,
Institute of M, the national academies of sciences E, medicine. In:
Balogh EP, Miller BT, Ball JR, editors. Improving diagnosis in health
care. Washington (DC): National Academies Press (US); 2015.

2. Saber Tehrani AS, Lee H, Mathews SC, Shore A, Makary MA,
Pronovost PJ, et al. 25-Year summary of US malpractice claims for
diagnostic errors 1986-2010: an analysis from the National Practitioner
Data Bank. BMJ Qual Saf 2013;22:672–80.

3. Singh H, Meyer, Thomas EJ. The frequency of diagnostic errors in
outpatient care: estimations from three large observational studies
involving US adult populations. BMJ Qual Saf 2014;23:727–31.

4. Singh H, Schiff GD, Graber ML, Onakpoya I, Thompson MJ. The global
burden of diagnostic errors in primary care. BMJ Qual Saf 2017;26:
484–94.

5. Fernholm R, Pukk Härenstam K, Wachtler C, Nilsson GH, Holzmann MJ,
Carlsson AC. Diagnostic errors reported in primary healthcare and
emergency departments: a retrospective and descriptive cohort study
of 4830 reported cases of preventable harm in Sweden. Eur J Gen Pract
2019;25:128–35.

6. Matulis JC, Kok SN, Dankbar EC, Majka AJ. A survey of outpatient
Internal Medicine clinician perceptions of diagnostic error. Diagnosis
2020;7:107–14.

7. Avery AJ, Sheehan C, Bell B, Armstrong S, Ashcroft DM, Boyd MJ, et al.
Incidence, nature and causes of avoidable significant harm in primary
care in England: retrospective case note review. BMJ Qual Saf 2021;30:
961–76.

8. Singh H, Giardina TD, Forjuoh SN, Reis MD, Kosmach S, KhanMM, et al.
Electronic health record-based surveillance of diagnostic errors in
primary care. BMJ Qual Saf 2012;21:93–100.

9. Alahmary K, Kadasah S, Alsulami A, Alshehri AM, Alsalamah M,
Da’ar OB. To admit or not to admit to the emergency department: the
disposition question at a tertiary teaching and referral hospital.
Healthcare 2023;11:667.

10. Low LL, Wah W, Ng MJ, Tan SY, Liu N, Lee KH. Housing as a social
determinant of health in Singapore and its association with
readmission risk and increased utilization of hospital services. Front
Public Health 2016;4:109.

11. Gleason KT, Jones R, Rhodes C, Greenberg P, Harkless G, Goeschel C,
et al. Evidence that nurses need to participate in diagnosis: lessons
from malpractice claims. J Patient Saf 2021;17:e959–63.

12. WorldHealthOrganization. International classification of primary care, 2nd
ed Medical Database Committee; 2020. http://icpc.nosmokeworld.com/.

13. Tyler PD, Fossa A, Joseph JW, Sanchez LD. Later emergency provider
shift hour is associatedwith increased risk of admission: a retrospective
cohort study. BMJ Qual Saf 2020;29:465–71.

14. Watari T, Gupta A, Amano Y, Tokuda Y. Japanese internists’ most
memorable diagnostic error cases: a self-reflection survey. Intern Med
2024;63:221–9.

15. GraberML, Franklin N, Gordon R. Diagnostic error in internal medicine.
Arch Intern Med 2005;165:1493–9.

16. Ministry of Health LaW. Guideline for clinical training of medical
practitioners -fiscal year 2020 edition;2020. https://www.mhlw.go.jp/
content/10800000/ishirinsyokensyu_guideline_2020.pdf.

17. Japan Primary Care Association. International classification of diseases
11th revision; 2024. https://icd.who.int/en.

18. Auerbach AD, Lee TM, Hubbard CC, Ranji SR, Raffel K, Valdes G, et al.
Diagnostic errors in hospitalized adults who died or were transferred to
intensive care. JAMA Intern Med 2024;184:164–73.

19. Al-Mutairi A,Meyer AN, Thomas EJ, Etchegaray JM, Roy KM, DavalosMC,
et al. Accuracy of the safer Dx instrument to identify diagnostic errors in
primary care. J Gen Intern Med 2016;31:602–8.

20. Singh H, Khanna A, Spitzmueller C, Meyer A. Recommendations for
using the Revised Safer Dx Instrument to help measure and improve
diagnostic safety. Diagnosis 2019;6:315–23.

21. Schiff GD, Hasan O, Kim S, Abrams R, Cosby K, Elstein AS, et al.
Diagnostic error inmedicine: analysis of 583 physician-reported errors.
Arch Intern Med 2009;169:1881–7.

22. Schiff GD, Volodarskaya M, Ruan E, Lim A, Wright A, Singh H, et al.
Characteristics of disease-specific and generic diagnostic pitfalls: a
qualitative study. JAMA Netw Open 2022;5:e2144531.

23. Kenward MG, Roger JH. Small sample inference for fixed effects from
restricted maximum likelihood. Biometrics 1997;53:983–97.

24. Orhanet. Orphanet: an online database of rare diseases and orphan
drugs; 2024. https://www.orpha.net/consor/cgi-bin/index.php.

25. Goldman BI, Bharadwaj R, Fuller M, Love T, Metlay L, Dignan C. Error
codes at autopsy to study potential biases in diagnostic error.
Diagnosis 2023;10:375–82.

26. Miyawaki A, Jena AB, Rotenstein LS, Tsugawa Y. Comparison of
hospitalmortality and readmission rates by physician and patient sex. Ann
Intern Med 2024;23. https://doi.org/10.7326/M23-3163.

27. Tsugawa Y, Jena AB, Figueroa JF, Orav EJ, Blumenthal DM, Jha AK.
Comparison of hospital mortality and readmission rates for medicare

230 Watanabe et al.: Diagnostic errors in patients admitted directly from new outpatient visits

http://icpc.nosmokeworld.com/
https://www.mhlw.go.jp/content/10800000/ishirinsyokensyu_guideline_2020.pdf
https://www.mhlw.go.jp/content/10800000/ishirinsyokensyu_guideline_2020.pdf
https://icd.who.int/en
https://www.orpha.net/consor/cgi-bin/index.php
https://doi.org/10.7326/M23-3163


patients treated by male vs female physicians. JAMA Intern Med 2017;
177:206–13.

28. Vohs KD, Baumeister RF, Schmeichel BJ, Twenge JM, Nelson NM,
Tice DM. Making choices impairs subsequent self-control: a limited-
resource account of decision making, self-regulation, and active
initiative. J Pers Soc Psychol 2008;94:883–98.

29. BarnettML, Boddupalli D, Nundy S, Bates DW. Comparative accuracy of
diagnosis by collective intelligence of multiple physicians vs individual
physicians. JAMA Netw Open 2019;2:e190096.

30. Harada T, Miyagami T, Watari T, Hiyoshi T, Kunitomo K, Tsuji T, et al.
Analysis of diagnostic error cases among Japanese residents using
diagnosis error evaluation and research taxonomy. J Gen Fam Med
2021;22:96–9.

31. Meyer FML, Filipovic MG, Balestra GM, Tisljar K, Sellmann T, Marsch S.
Diagnostic errors induced by a wrong a priori diagnosis:
a prospective randomized simulator-based trial. J Clin Med 2021;10:
826.

32. Adams M, Eisenberg JM. What is the cost of ambulatory education? J
Gen Intern Med 1997;12:S104–10.

33. Shimizu T, Nemoto T, Tokuda Y. Effectiveness of a clinical knowledge
support system for reducing diagnostic errors in outpatient care in
Japan: a retrospective study. Int J Med Inf 2018;109:1–4.

34. Harada Y, Otaka Y, Katsukura S, Shimizu T. Prevalence of atypical
presentations among outpatients and associations with diagnostic
error. Diagnosis 2024;11:40–8.

35. Ely JW, Kaldjian LC, D’Alessandro DM. Diagnostic errors in primary care:
lessons learned. J Am Board Fam Med 2012;25:87–97.

36. Schiff GD, Volodarskaya M, Ruan E, Lim A, Wright A, Singh H, et al.
Characteristics of disease-specific and generic diagnostic pitfalls: a
qualitative study. JAMA Netw Open 2022;5:e2144531.

37. Ely JW, Kaldjian LC, D’Alessandro DM. Diagnostic errors in primary care:
lessons learned. J Am Board Fam Med 2012;25:87–97.

38. Harada Y, Watari T, Nagano H, Suzuki T, Kunitomo K, Miyagami T, et al.
Diagnostic errors in uncommon conditions: a systematic review of case
reports of diagnostic errors. Diagnosis 2023;10:329–36.

39. Miyagami T, Uehara Y, Harada T,Watari T, Shimizu T, Nakamura A, et al.
Delayed treatment of bacteremia during the COVID-19 pandemic.
Diagnosis 2021;8:327–32.

40. Schiff GD. Finding and fixing diagnosis errors: can triggers help? BMJ
Qual Saf 2012;21:89–92.

Supplementary Material: This article contains supplementary material
(https://doi.org/10.1515/dx-2024-0088).

Watanabe et al.: Diagnostic errors in patients admitted directly from new outpatient visits 231

https://doi.org/10.1515/dx-2024-0088

	Diagnostic errors in patients admitted directly from new outpatient visits
	Introduction
	Patients and methods
	Setting and patients
	Ethics
	Variables
	Data analysis

	Results
	Discussion
	Frequency of diagnostic errors
	Gender differences in susceptibility to diagnostic errors
	Diagnostic errors associated with the number of symptoms
	Resident doctor involvement
	Atypical presentation
	Analysis by DEER/GDP
	Limitations

	Conclusions
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Euroscale Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 35
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1000
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.10000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /DEU <>
    /ENU ()
    /ENN ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName (ISO Coated v2 \(ECI\))
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName <FEFF005B0048006F006800650020004100750066006C00F600730075006E0067005D>
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.503940
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


