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Importance: Diagnostic errors are an understudied as-
pect of ambulatory patient safety.

Objectives: To determine the types of diseases missed
and the diagnostic processes involved in cases of con-
firmed diagnostic errors in primary care settings and
to determine whether record reviews could shed light
on potential contributory factors to inform future
interventions.

Design: We reviewed medical records of diagnostic er-
rors detected at 2 sites through electronic health record-
based triggers. Triggers were based on patterns of pa-
tients’ unexpected return visits after an initial primary
care index visit.

Setting: A large urban Veterans Affairs facility and a large
integrated private health care system.

Participants: Our study focused on 190 unique in-
stances ol diagnostic errors detected in primary care vis-
its between October 1, 2006, and September 30, 2007.

Main Ovtcome Measures: Through medical record
reviews, we collected data on presenting symptoms at the
index visit, types of diagnoses missed, process break-
downs, potential contributory factors, and potential for
harm from errors.

Results: In 190 cases, a total of 68 unique diagnoses were
missed. Most missed diagnoses were common conditions
in primary care, with pneumonia (6.7%), decompen-
sated congestive heart failure (5.7%), acute renal failure
(5.3%), cancer (primary) (5.3%), and urinary tract infec-
tion or pyelonephritis (4.8%) being most common. Pro-
cess breakdowns most frequently involved the patient-
practitioner clinical encounter (78.9%) but were also related
to referrals (19.5%), patient-related factors (16.3%), fol-
low-up and tracking of diagnostic information (14.7%),
and performance and interpretation of diagnostic tests
(13.7%). A total of 43.7% of cases involved more than one
of these processes. Patient-practitioner encounter break-
downs were primarily related to problems with history-
taking (56.3%), examination (47.4%), and/or ordering di-
agnostic tests for further workup (57.4%). Most errors were
associated with potential for moderate to severe harm.

Conclusions and Relevance: Diagnostic errors iden-
tified in our study involved a large variety of common
diseases and had significant potential for harm. Most er-
rors were related to process breakdowns in the patient-
practitioner clinical encounter. Preventive interven-
tions should target common contributory factors across
diagnoses, especially those that involve data gathering
and synthesis in the patient-practitioner encounter.
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RIMARY CARE PRACTITIONERS
(PCPs) manage a wide range
of increasingly complex and
severe conditions through

agnosed conditions are scarce, and little
is known about which diagnostic pro-
cesses are most vulnerable to breakdown.
Most current data about diagnostic errors

one or more relatively brief

encounters. Thus, it is not surprising that
the primary care setting is vulnerable to
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medical errors."® Diagnostic errors (missed,
delayed, or wrong diagnoses)’ are of in-
creasing concern in this setting.*'* How-
ever, data about the most frequent misdi-

of malpractice claims or self-report sur-
veys.'®>17 These methods introduce sig-
nificant biases that limit the generalizabil-
ity of findings to routine clinical practice.
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Arecent report by the American Medical Association'®!”

recommends that efforts be made to “dramatically”
strengthen the research base for outpatient safety, espe-
cially in the area of outpatient diagnostic errors. Under-
standing the circumstances in which these errors occur
in typical practice is a necessary step toward generating
preventive strategies.

In prior studies, we used a set of electronic health rec-
ord (EHR)-based triggers (automated database queries)
to identify primary care visits that were likely to be as-
sociated with diagnostic error.?’ Our triggers were com-
posed of algorithms to detect unusual patterns of care,
namely, unplanned hospitalizations, return visits, or emer-
gency department visits within a short time after an ini-
tial primary care encounter. Physicians performed rec-
ord reviews of triggered visits and nontriggered control
visits to identify diagnostic errors. Our primary objec-
tives in the present study were to determine the types of
diseases missed and the diagnostic processes involved in
cases of confirmed diagnostic errors in primary care set-
tings. This exploration could advance knowledge about
conditions that are vulnerable to being missed in pri-
mary care and help prioritize error prevention strate-
gies. Our secondary objective was to determine whether
record reviews could shed light on potential contribu-
tory factors to inform future interventions.

B METHODS

Our study focused on 190 unique instances of diagnostic er-
rors detected in primary care visits between October 1, 2006,
and September 30, 2007, in 2 large health systems. Both sites
had integrated and well-established EHRs and large clinic net-
works through which they provided longitudinal care. Both sites
provided care to ethnically and socioeconomically diverse pa-
tients from rural and urban areas.

Site A was a large urban Veterans Affairs facility with ap-
proximately 35 full-time PCPs, including physicians, physi-
cian assistants, and nurse practitioners, who provided com-
prehensive care to approximately 50 000 patients. Most PCPs
were physicians, some of whom supervised residents. Primary
care encounters included both scheduled follow-up visits and
“drop-in” unscheduled visits.

Site B was a large integrated private health care system with
34 family medicine PCPs who provided primary and urgent care
to almost 50 000 patients in 4 community-based clinics. More
than half of the PCPs supervised residents.

Details about diagnostic error detection techniques used in
this study have been published previously.?® Briefly, our trig-
ger queries were (1) a primary care index visit followed by an
unplanned hospitalization within 14 days and (2) a primary
care index visit followed by 1 or more primary care, emer-
gency department, or urgent care visit(s) within 14 days. Trained
physicians then reviewed all “triggered” records for evidence
of diagnostic error. Reviewers were fellows from medicine sub-
specialty training programs or chief residents in medicine and
were selected based on recommendations from faculty and in-
terviews by our research team. They were instructed to judge
diagnostic performance based only on data already available or
easily available to the index visit practitioner to either make or
pursue the correct diagnosis. Within these constraints, review-
ers evaluated several aspects of EHR documentation (notes, tests,
referrals, and case evolution over time) to ascertain the pres-
ence of a diagnostic error. An error was judged to have oc-

curred if adequate data to suggest the [inal, correct diagnosis
were already present at the index visit or if documented
abnormal findings at the index visit should have prompted
additional evaluation that would have revealed the correct,
ultimate diagnosis. Thus, errors occurred only when missed
opportunities to make an earlier diagnosis occurred based on
retrospective review.”'>> In diagnostic error cases, reviewers
recorded the disease condition that was missed. A sample of
randomly selected control visits (ie, visits that did not meet
either trigger criterion) were reviewed for errors using the
same procedure. In 212 165 visits at both sites, we found
190 diagnostic errors; 141 of 674 trigger 1 records (20.9%),
36 of 669 trigger 2 records (5.4%), and 13 of 614 controls
(2.1%) contained diagnostic errors. An independent second
reviewer confirmed each error case. Elsewhere we have
described additional details regarding our methods for deter-
mining errors.”

For each confirmed case of diagnostic error, one reviewer
performed an additional level of review to determine process
breakdowns, contributory factors involved, and potential for
harm. We designed a data collection instrument after review-
ing the previous literature about diagnostic errors, which in-
cluded studies based on malpractice claims,' physician sur-
veys,**? and medical record reviews.'?2"222028 We categorized
cases using a 5-dimension model of ambulatory diagnostic pro-
cesses' to indicate the point in the diagnostic process at which
errors occurred: patient-practitioner clinical encounter, per-
formance and/or interpretation of diagnostic tests, follow-up
and tracking of diagnostic information, subspecialty, and referral-
related and patient-specific processes. To assess the reliability
of judgments related to process breakdowns, a second re-
viewer independently evaluated 10% of the error records; in-
terrater reliability was quantified by computing the Cohen k.
Process breakdowns in the patient-practitioner clinical encoun-
ter could involve problems with history taking, physical ex-
amination, ordering of diagnostic tests for further workup, and
review of previous documentation. Additional contributing fac-
tors were collected for the remaining 4 dimensions using a com-
prehensive list of factors based on previous litera-
ture, 1321222426028 We ysed an 8-point scale to collect data about
each error’s potential for harm (with lindicating no harm/no
inconvenience and 8 indicating immediate or inevitable death).*
Finally, we collected data about the patient’s age, sex, race/
ethnicity, and the type of PCP at the index visit (attending phy-
sician, trainee, physician assistant, or nurse practitioner).

We generated descriptive statistics to quantify the fre-
quency of clinical conditions associated with diagnostic errors
and process breakdowns, contributory factors, and harm. We
also compared patient and practitioner variables between pri-
mary care visits with and without diagnostic errors. We per-
formed a ¢ test to compare the mean age of patients involved
in visits with and without diagnostic errors. We compared all
other patient characteristics as proportions, using the Fisher
exact test for categorical variables when the assumptions for
the x* test were not met (2-tailed).

B RESULTS

Table 1 summarizes the characteristics of patients in-
volved in visits with and without diagnostic errors at each
site. At both sites, the mean age of patients involved in
visits with diagnostic errors was slightly older than in cases
not involving errors (66.5 vs 62.7 years, P=.002, at site
A; 53.8 vs 45.0 years, P=.003, at site B). Diagnostic er-
rors did not seem to be significantly associated with the
type of practitioner at either site.
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Table 1. Patient and Practitioner Characteristics in Index Visits With and Without Diagnostic Error?
Site A Site B
Error No Error Error No Error

Characteristic (n=129) (n = 1040) P Value (n = 61) (n = 537) P Value
Patient race, No. (%)

Asian/Pacific Islander 2(1.6) 14 (1.4) 0(0.0) 4(0.7)

Black 49 (38.0) 408 (39.2) 4 (6.6) 57 (10.6)

Hispanic 0(0.0) 2(0.2) .24 12 (19.7) 49 (9.1) .05

White 71 (55.0) 594 (57.1) 35 (55.4) 289 (53.8)

Unknown 7 (5.4) 22 (2.1) 9(14.8) 131 (24.4)
Patient sex, No. (%)

Female 4(3.1) 43 (4.1) :| 56 30 (49.2) 312 (58.1) 33
Male 125 (96.9) 997 (95.9) ’ 28 (45.9) 222 (41.3) ’
Patient age, mean (SD), y 66.5 (13.0) 62.7 (13.5) .002 53.8 (19.2) 45.6 (19.5) .003

Practitioner type, No. (%)
Attending 45 (34.9) 443 (42.6) 54 (88.5) 428 (79.7)
Trainee (with or without documentation 17 (13.2) 113 (10.9) 3(4.9) 14 (2.6)
of attending involvement) i| 40 08
Nurse practitioner 21(16.3) 155 (14.9) 1(1.6) ’
Physician assistant 46 (35.7) 329 (31.6) (4.9

2Percentages may not total 100 due to missing data.

We found 68 unique diagnoses that were missed in
both the trigger and control groups. When cases from both
sites were combined, pneumonia (6.7%), decompen-
sated congestive heart failure (5.7%), acute renal failure
(5.3%), cancer (primary) (5.3%), and urinary tract in-
fection or pyelonephritis (4.8%) were the most com-
monly missed diagnoses in primary care. However, the
most frequently missed or delayed diagnoses differed
by site (Tablle 2). In some cases, more than one diag-
nosis was missed. In most cases (85.8%), a different prac-
titioner, either [rom the same specialty (43.1%) or a dil-
ferent specialty (42.7%), saw the patient on the return
visit. In more than half of the cases (51.6%), errors were
discovered because of the failure of the original symp-
tom or sign to resolve. Other errors were detected on evo-
lution of original symptoms and signs (34.8%) or the de-
velopment of new symptoms or signs (22.6%). Only
approximately one-fifth of the errors were discovered
as part of planned follow-up, such as when practition-
ers asked the patient to return within a certain period (usu-
ally few days) for reevaluation. In 96% of triggered error
cases, there was a clear relationship between the pa-
tient’s admission or second outpatient visit and the pre-
sentation on index visit.

Table 3 lists the chief presenting symptoms, as docu-
mented by the index practitioners, that were present in 2
or more cases of diagnostic error. Of these, cough (some-
times associated with additional presenting symptoms)
was the most common. Notably, in 22 cases patients did
not have any specific chief presenting symptom; this oc-
curred in instances such as when established patients were
following up on chronic medical issues or when new pa-
tients were visiting to establish care within the system.
The chief presenting symptom was directly related to the
missed diagnosis in approximately two-thirds (67.4%)
of cases (data not shown in table). However, documen-
tation of adequate exploration and investigation of the
chief presenting symptom was lacking in 93 cases (48.9%).

Breakdowns were found to occur in all 5 dimensions
of the diagnostic process, and in 43.7% of cases more than
one dimension was involved. The interrater reliability of
process breakdown ratings was 0.56 (95% CI, 0.38-
0.74). Most commonly, breakdowns occurred during the
patient-practitioner clinical encounter (78.9%), and this
finding was consistent across both sites (76.7% vs 83.6%
forsites A and B, respectively). Breakdowns involving the
patient-practitioner clinical encounter were most often
judged to be due to data-gathering and synthesis prob-
lems (ie, cognitive errors) related to the medical history
(56.3%), physical examination (47.4%), ordering of di-
agnostic tests for further workup (57.4%), and failure to
review previous documentation (15.3%) (Table 4). Two
additional documentation-related problems were no-
table. First, no differential diagnosis was documented at
the index visit in 81.1% of cases. Second, practitioners
copied and pasted previous progress notes into the in-
dex visit note in 7.4% of cases; of these cases, copying
and pasting mistakes were determined to contribute to
more than one-third (35.7%) of errors.

Outside the patient-practitioner encounter, process
breakdowns also occurred in the areas of referrals, pa-
tient actions or inaction, follow-up and tracking of di-
agnostic information, and performance and interpreta-
tion of diagnostic tests (Table 4). The most common
referral-related breakdowns were problems initiating a
needed referral; in 1 of 10 error cases, an appropriate ex-
pert was not contacted when indicated. Contributory fac-
tors for these processes are summarized in Table 4. No
one factor was attributed to most errors in these catego-
ries, and no single factor in these categories contributed
to 10% or more of all error cases.

The potential severity of injury associated with the de-
layed or missed diagnosis was classified as moderate to
severe in 86.8% of cases (ratings of 4-8 on the 8-point
scale), with a mode of 5 (considerable harm) (Table 5).
When we further broke down cases according to which
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Table 2. Frequencies of Most Commonly Missed Diagnoses Table 2. Frequencies of Most Commonly Missed Diagnoses

in Unique Patient Records?

in Unique Patient Records? (continued)

Diagnostic Error

Site A

Acute renal failure

Pneumonia

Cancer (primary)

Decompensated congestive heart
failure

Spinal cord compression

Symptomatic anemia

Urinary tract infection or pyelonephritis

Medication adverse effect

Angina, myocardial infarction, or acute
coronary syndrome

Cancer (metastases)

Complicated peripheral vascular
disease and/or arterial occlusion

Osteomyelitis

Bacteremia

Cardiac dysrhythmia

Cirrhosis and portal hypertension

Hyperglycemia

Pulmonary embolism

Renal calculus

Transient ischemic attack or stroke

Abscess

Blocked cholecystostomy tube

Deep venous thrombosis

Electrolyte disturbance

Gout

Hypoglycemia

Hypotension

Pancytopenia or thrombocytopenia

Spinal stenosis

Aneurysm

Basilar migraine

Clostridium difficile colitis

Carpal tunnel syndrome

Cellulitis

External hemorrhoids

Fracture

Gangrene

Hematuria

Hepatitis

Human immunodeficiency virus

Hyperlipidemia

Hypertension

Memory loss

Meniscus tear or tendinitis

Obstructive sleep apnea

Otitis

Pancreatitis

Pleural effusion

Psychiatric disorder

Pulmonary opacity

Renal amyloidosis

Rhabdomyolysis

Scabies

Slipped right femoral head

Small bowel ileus vs obstruction

Substance abuse disorder

Subtherapeutic international
normalized ratio

No. of Missed No. of Missed
Diagnoses Diagnoses
(N =190) Diagnostic Error (N =190)

Site B
10 Pneumonia 5
9 Cellulitis 4
8 Decompensated congestive heart 4
8 failure

wW

Angina, myocardial infarction, or acute
coronary syndrome

Cancer (primary)

Hypertension

Urinary tract infection or pyelonephritis

Cancer (metastases)

Cholecystitis

Deep venous thrombosis

Otitis

Symptomatic anemia

Transient ischemic attack or stroke

Acute renal failure

Aneurysm

Appendicitis

Asthma exacerbation

Atrial fibrillation (new onset)

Bladder obstruction

Complicated lupus

Decubitus ulcer

Fracture

Hepatitis

Hypotension

Malfunctioning ventriculoperitoneal
shunt

Medication adverse effect

Meniscus tear or tendinitis

Migraine

Oral thrush

Pancreatitis

Perforated viscus

Pleural effusion

Portal vein thrombosis

Psychiatric disorder

Pulmonary embolism

Rhabdomyolysis

Viral syndrome
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2Some cases may have included more than one missed or delayed
diagnosis. Total number of cases was 190. Total number of missed or
delayed diagnoses was 209.

diagnostic process was implicated in the error, we found
a modal severity rating of 5 across all 5 processes.

B COMMENT ey

We analyzed 190 primary care diagnostic errors, most
of which were detected through electronic triggers. These
errors involved a large variety of conditions that are seen
commonly in primary care. Most diagnostic errors had
potential for moderate to severe harm. Presenting symp-
toms for these conditions were highly variable and some-
times did not bear any obvious direct relationship to the
condition that was missed. Most errors involved break-
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(continued) downs of processes related to the patient-practitioner clini-
cal encounter. Lower, although still meaningful, propor-
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Table 3. Chief Presenting Symptoms Implicated in 2 or More
Cases of Diagnostic Error

No. (%) of
Symptoms
(N = 190)
23 (12.1)
17 (8.9)
13 (6.8)

Chief Symptom

Cough

Abdominal pain

Follow-up of routine medical issues or no chief
symptom identified

Shortness of breath 1

Establish care

Back pain

Chest pain

Leg edema or swelling

Fatigue

Foot pain

Knee pain and/or swelling

Constipation

Dizziness

Follow-up visit after discharge

Headache

Leg pain and swelling

Arm numbness

Blood in urine

Diarrhea

Dysuria

Flulike symptoms

Hernia

Leg pain

Low glucose level

Medication refill

Shoulder pain

Sore throat

Vision problems

Wound healing

RPN MNP NDNDNDMNDNDNWWWWWERE S Do o ON
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tions of breakdowns occurred in the domains of referrals,
patient factors, test ordering and interpretation, and fol-
low-up and tracking of diagnostic information.

Our study is among the largest to address diagnostic
error in routine outpatient practice and among the first
to empirically evaluate the types of diagnostic errors that
occur in primary care. Misdiagnosis ol cancer has been
considered among the most common diagnostic errors
in primary care, mostly because of overrepresentation in
studies of malpractice claims.'*!'"*" However, a previous
systematic review of diagnostic error in primary care found
a wide range of conditions that were commonly misdi-
agnosed, including not only cancer but also myocardial
infarction, meningitis, dementia, iron deficiency ane-
mia, asthma, tremor in elderly patients, and human im-
munodeficiency virus.”® Most of the errors identified in
our study involved missed diagnosis of a large variety of
common conditions as opposed to either a few selected
conditions or rare or unusual diseases. Pneumonia and
decompensated congestive heart failure were most com-
monly missed, although they accounted for less than 13%
ol all errors. Furthermore, there were marked diller-
ences in the most common missed diagnoses across the
2 sites, largely because their local contexts and patient
and practitioner populations were markedly different. For
instance, practitioners at site A were predominantly in-
ternists who cared for older veterans (who generally have

more comorbidities), whereas at site B, family practi-
tioners cared for an overall younger population. How-
ever, at both sites, the most common process break-
downs arose within the patient-practitioner encounter.
Because diagnostic errors in primary care involve a large
number of heterogeneous conditions, future error re-
duction strategies should account for their common con-
tributory factors and not just attempt to augment knowl-
edge or clinical skills related to specilic diseases because
such interventions may not generalize across diseases or
care settings.

We were also able to report patients’ chiel presenting
symptoms associated with the commonly missed diag-
noses, a topic that has been essentially unexplored.'®
Knowledge about commonly implicated or “high-risk”
chief presenting symptoms could potentially lead to tar-
geted interventions to decrease the likelihood of error,
although many found in our cohort are fairly common
in outpatient practice. Given the myriad of symptoms that
PCPs encounter in their daily practices, focusing on spe-
cific presentations is unlikely to form the sole basis for
preventive strategies. Moreover, in approximately one-
third of cases patients presented with symptoms that ap-
peared to be unrelated to the missed diagnosis, which
could easily divert the practitioner’s attention during the
short span of the primary care visit. Another notable find-
ing was the absence of documentation of differential di-
agnosis, a fundamental step in the diagnostic reasoning
process. How patients present their chief symptoms to
the PCP and how this and other factors influence a PCP’s
clinical reasoning within the context of a busy clinic are
areas ripe for further investigation.'”

Our findings highlight the need to focus on basic clini-
cal skills and related cognitive processes (eg, data gath-
ering within the medical history and physical examina-
tion and synthesis of data) in the age of increasing reliance
on technology and team-based care to improve the health
care system.>'** Most process breakdowns were related
to the clinical encounter, wherein practitioners are al-
most always pressed for time to make decisions."” With
the current emphasis on patient-centered medical homes
that facilitate team-based care, patients might be able to
access or interact with their practitioners more effec-
tively. However, these new models of care might not pro-
duce the level of cognitive support needed for gathering
and/or interpreting a patient’s key signs and symptoms
effectively and safely. Furthermore, current forms of tech-
nology, including EHRs, are inadequately positioned to
meet the needs of complex decision making.”* Newer mod-
els of understanding how best to leverage both techno-
logical and nontechnological strategies to improve prac-
titioner and team situational awareness are needed. In
addition, more research is needed to determine why prac-
titioners may not adequately search for data or synthe-
size findings and how to best improve clinical skills and
cognitive processes in the complex primary care envi-
ronment. Although the current literature highlights iso-
lated cognitive difficulties among practitioners (eg, bi-
ases) and various interventions have been suggested to
improve diagnostic decision making (eg, the use of check-
lists* or second opinions), few cognitive obstacles have
been sufficiently examined in the complex “real-world”
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Table 4. Contributory Factors for 5 Process Dimensions?

Factor

No. (%) of Cases
(N = 190)

Patient related (n = 31 [16.3%])
Failure of patient to provide accurate medical history

Patient did not realize that he/she should seek care
Failure of communication between practitioner and patient
Patient did not realize that he/she should seek care in a more urgent manner
Patient-practitioner encounter (n = 150 [78.9%])
Problems ordering diagnostic tests for further workup
Error related to medical history
Error related to physician examination performance
Failure to review previous documentation
Diagnostic tests (n = 26 [13.7%])
Erroneous clinician interpretation of test and its need for follow-up
Considered test result interpretation as nonserious
Misinterpretation of clinical test results

Being too focused on one diagnosis or treatment plan

No earlier appointment was given

Practitioner did not think result was serious enough for admission
Follow-up and tracking (n = 28 [14.7%])

Lack of clear history from family members in a patient with cognitive dysfunction

Being misled by normal history and physical examination findings, laboratory result, or imaging study result

Inadequate test result tracking system 7(3.7)
No follow-up tracking system 7(3.7)
Practitioner selected too much time for follow-up 5(2.6)
Considered condition as nonserious 5(2.6)
Referrals (n = 37 [19.5%])
Appropriate expert is not contacted 19 (10)
Considered condition as nonserious 14 (7.4)
Did not believe referral was required 12 (6.3)
Suboptimal weighing of critical piece of history data 10 (5.3)
Lack of knowledge or insufficient practitioner knowledge of relevant condition 5(2.6)
2Each case may have several contributing factors involved.
primary care environment, and few interventions have . . . .
been satislactorily tested.*® Using the lens of missed op- TWa"tJIIleDs.I szm'al\ln?eve(; '[t)V of Injury Associated
portunities in care rather than errors, institutions could ith Defayed or Mlissed Hiagnoses
create a new focus on discovering, learning from, and
. . . 37 No. (%) of
reducing diagnostic errors.”” Our methods can be one Diagnoses
way to “proactively” 2discover such missed opportuni- Severity Rating (N = 190)
L . 0 .
ties in rea.l practlpe. Pqtlent empowerment and en- No harm 3(16)
gagement in the diagnostic process could add greatly to TR 0
these strategies. Very minor harm or little or no remediation 2 (1.0)
Our study has several limitations. Our methods may Minor harm or remediation or treatment 20 (10.0)
not apply to primary care practices that are not part of Considerable harm or remediation or treatment 72 (37.9)
integrated health care systems. Moreover, ours was a ret- Very serious harm or danger or permanent damage 30(15.8)
. : . . . Serious permanent damage 36 (19.0)
rospective study, so hindsight bias remains a concern. . L
. . . Immediate or inevitable death 27 (14.2)
Because of our study design, we did not have the addi-

tional benelit of practitioner debrieling, which il per-
formed soon after error discovery could provide addi-
tional useful data. The triggers we used are more likely
to select for misdiagnosis of acute conditions and exac-
erbations of chronic conditions. These are important sub-
sets of diagnostic errors®® but are not inclusive of all di-
agnostic errors; for instance, the errors discovered through
our methods were likely to have underrepresented diag-
noses of conditions, such as cancer, that are less likely
to emerge during an urgent presentation within a short
time frame. We were able to achieve only moderate in-
terrater reliability in determinations of process break-
downs, although it was similar to that reported in the land-
mark study of diagnostic error process breakdowns by

Schiff etal.’” Finally, errors in our study were likely rated
as more harmful because most of them were detected in
the context of an unexpected hospitalization or return
visit, and this may not generalize to the universe of di-
agnostic errors in primary care. Nevertheless, the field
of diagnostic error is fairly nascent, and it is important
to focus on any types of errors that cause harm or create
the need for further care even though they might not be
representative of all errors.

In conclusion, diagnostic errors in primary care in-
clude a heterogeneous group of common conditions, and
most have potential to lead to moderate to severe harm.
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Most errors were related to patient-practitioner clinical
encounter—related processes, such as taking medical his-
tories, performing physical examinations, and ordering
tests. Given the range of conditions associated with di-
agnostic errors in this setting, disease-specific efforts to
reduce these types of diagnostic errors are unlikely to be
sufficient. Thus, preventive interventions must focus on
common contributory factors, particularly those that in-
[luence the ellectiveness ol data gathering and synthesis
in the patient-practitioner encounter.
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Measuring Diagnostic Errors in Primary Care

The First Step on a Path Forward

iagnostic errors are increasingly recognized as
an important source of preventable harm in
many health care settings.! Missed, wrong, and
delayed diagnoses have been underappreciated by inter-
nal peer review, autopsy reports, and examination of mal-
practice claims. All of these methodological approaches
have limitations. Internal peer review is often challeng-
ing because of local hospital politics, physician-vested in-
terest, and sampling error. Autopsy studies may overes-
timate diagnostic performance when necropsy rates are
low,? and they often miss nonlethal diagnostic errors. Mal-
practice claims may capture nonlethal errors; however,
they are most often associated with permanent disabil-
ity or death.> Only about 1% of adverse events due to medi-
cal negligence result in a claim.* Thus, malpractice-
based rates of diagnostic errors substantially
underrepresent the true impact of these events and are
biased toward cases with a clear paper trail (eg, missed
cancers evident on radiographic images), in which the
burden of legal proof can be met more easily. None of
these approaches is well suited to real-time surveillance
for errors that might be rectified before harm occurs.
Singh and colleagues’ are to be congratulated for their
substantial body of work developing electronic health re-
cord—based “trigger tools” to help overcome shortfalls in
traditional approaches to diagnostic error detection. These
tools seek to use readily available electronic data to iden-
tify patient encounters with a high risk for diagnostic er-
rors to have occurred. The triggers were based on unan-
ticipated readmissions or revisits within 14 days of an
initial primary care visit. Triggered visits then were as-
sessed manually for errors. Electronic triggers are rela-
tively easy to measure across visits and likely could be
tracked over time as quality metrics. Some triggers might
eventually enable us to detect and rectily errors in real
time, before harm occurs.
However, even systematically applied trigger tools do
not give us a full picture of the burden from diagnostic
errors. Singh et al found that roughly 0.1% of all pri-

mary care visits were associated with missed opportuni-
ties to make an earlier diagnosis and prevent “consider-
able harm.”” This estimate, however, does not include
cases in which misdiagnoses did not result in a readmis-
sion or a revisit within 14 days (even if the errors even-
tually caused harm) or cases in which a misdiagnosis oc-
curred but reviewers could not determine whether the
diagnosis might reasonably have been made initially. Nev-
ertheless, with more than half a billion primary care vis-
itsannually in the United States,’ if these data from Singh
et al are generalizable, at least 50 000 missed diagnostic
opportunities occur each year at US primary care visits,
most resulting in considerable harm. Combining this fig-
ure with autopsy-based estimates of US hospital deaths
from diagnostic errors (40 000/y to 80 000/y"') and un-
accounted nonlethal morbidity from hospital misdiag-
noses’® and acknowledging another half billion visits an-
nually to non—primary care physicians,® more than
150 000 patients per year in the United States might have
undergone misdiagnosis-related harm.

Why are there so many diagnostic errors? In some
sense, the answer is simple: medical diagnosis is ex-
tremely difficult. Tt may not be as difficult as accurately
predicting a specific weather forecast 6 months in ad-
vance, but it is one of the toughest tasks human minds
routinely face. Diagnosing can be messy, and scientific
understanding is imperfect. Decisions must be made with
limited time and information under conditions of un-
certainty, often with inadequate experience or expertise
in diagnosing a given symptom or disease. Consistent pa-
tient follow-up with feedback on diagnostic perfor-
mance is usually lacking or biased away from detecting
diagnostic errors, creating a serious barrier to ongoing
skills improvement. These facts, however, should not dis-
suade us [rom trying to reduce misdiagnosis-related harm.

Through scientific research, important lessons have
been learned about diagnostic errors that are reinforced
by results from the study by Singh et al.> Most diagnos-
tic errors are linked to clear defects in bedside history
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