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BACKGROUND AND OBJECTIVES: Chart reviews are frequently used for research, care
assessments, and quality improvement activities despite an absence of data on reliability and validity.
We aim to describe a structured chart review methodology and to establish its validity and reliability.
METHODS: A generalizable structured chart review methodology was designed to evaluate causes of
morbidity or mortality and to identify potential therapeutic advances. The review process consisted
of a 2-tiered approach with a primary review completed by a site physician and a short secondary
review completed by a central physician. A total of 327 randomly selected cases of known mortality or
new morbidities were reviewed. Validity was assessed by using postreview surveys with a Likert
scale. Reliability was assessed by percent agreement and interrater reliability.
RESULTS: The primary reviewers agreed or strongly agreed in 94.9% of reviews that the
information to form a conclusion about pathophysiological processes and therapeutic advances
could be adequately found. They agreed or strongly agreed in 93.2% of the reviews that conclusions
were easy to make, and conﬁdence in the process was 94.2%. Secondary reviewers made
modiﬁcations to 36.6% of cases. Duplicate reviews (n 5 41) revealed excellent percent agreement
for the causes (80.5%–100%) and therapeutic advances (68.3%–100%). k statistics were strong
for the pathophysiological categories but weaker for the therapeutic categories.
CONCLUSIONS: A structured chart review by knowledgeable primary reviewers, followed by a brief
secondary review, can be valid and reliable.
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Chart review is a methodology frequently
used to perform retrospective research and
care assessments and conduct quality
improvement activities, including morbidity
and mortality conferences, critical event
reviews, and root cause analyses.1 This
methodology facilitates epidemiological
investigations, quality assessments,
education, and clinical research.2–4
Retrospective chart reviews are used in
15% to 25% of scientiﬁc articles in
emergency medical journals.5,6 Additionally,
.90% of PICUs use this approach to inform
their morbidity and mortality conferences.7
Despite their widespread use and potential
impact, chart reviews are time consuming,
often expensive, and often yield substantial
variability among reviewers, a ﬁnding not
unexpected when assessing complex data
and forming subjective assessments.8,9
Chart review is seldom taught in medical
school, and medical students report having
limited experience with this process.10
The reliability and validity of chart review
are dependent on features of the medical
record as well as the subjectivity of the
review elements. Chart reviews may include
appraising the medical record’s physician
and nursing notes, outpatient and
emergency department reports,
consultations, admission and discharge
documentation, and diagnostics.11
Challenging features of the medical record
include incomplete documentation, variation
in the location of information, discrepancy
in information between locations, reliance
on jargon or handwriting interpretation
in older records, unrecoverable
information, and dependency on accurate
documentation. Challenging features of
chart reviews include training reviewers,
creating an operational procedure for
review and assessment, resolving
discrepancies among multiple reviewers,
and assessing validity and reliability.12
Objective review criteria with deﬁned,
measurable content are likely to have high
reliability and validity, whereas subjective
review criteria may have comparatively
reduced agreement, validity, and
reproducibility. In randomized controlled
trials, subjective outcomes when compared
with objective outcomes are associated with
bias and overestimation of results.13,14

Subjective variables have poor interrater
reliability and agreement when compared
with items that have clear criteria.15,16
Regardless of these limitations,
standardized chart reviews have high
face validity and are commonly used. For
example, standardized medical record
review has been used to classify areas of
potential harm and to detect adverse events
and negligence.3,17–19
Because of the limitations of previous
chart review methodologies, our goal was
the development of an improved and
generalizable structured chart review
methodology as part of a larger initiative of
the Collaborative Pediatric Critical Care
Research Network (CPCCRN), Informing the
Research Agenda. CPCCRN’s goal was to
better understand the pathophysiology
associated with signiﬁcant new morbidity
and mortality and to identify therapeutic
advances that might have prevented or
ameliorated these adverse outcomes at the
individual patient level. Subsequent
publications in which this methodology is
used are in preparation. Determining these
elements is subjective in the context of
complex critical illness. Our aims were
(1) the development of a structured,
reproducible, time-efﬁcient, and
generalizable method of chart review and
(2) the assessment of this methodology for
validity and reliability.

METHOD
Patient Data
Patient lists were generated from the
Trichotomous Outcome Prediction in Critical
Care (TOPICC) data set, a database used to
investigate morbidity and mortality in the
PICU population.20 Eligible patients included
those who had sustained a signiﬁcant new
morbidity at hospital discharge, deﬁned as
a Functional Status Scale (FSS) score
increase of $2 in a single FSS domain, or
died with an admission mortality risk of
,80% (ie, not “dead on arrival”). The FSS is
a validated granular assessment of function
based on the principles of adaptive behavior
in 6 domains (feeding, respiratory, motor,
communication, mental, and sensory), with
higher scores indicating more signiﬁcant
morbidity.21,22 For this study, eligible patients
from the TOPICC data set at each site were

randomly sorted. Sites were provided a list
of the study identiﬁers linked to these
patients, along with dates of admission and
discharge, the FSS scores at admission and
hospital discharge, and survival status at
hospital discharge. The individual sites then
linked the TOPICC identiﬁcation numbers to
the patient’s medical record number and
provided this information to the primary
reviewer. The study was approved by
the CPCCRN centralized Institutional
Review Board.

Structured Chart Review
To develop the structured chart review
process, we followed a common-sense
multistep approach adapted from the
trigger tool methodology (detailed in
Table 1).23,24 First, we developed goals and
objectives for the project. The goals and
objectives of the project were to identify
pathophysiological processes resulting in
new morbidities and mortalities and to
identify needed therapeutic additions or
advances that could potentially reduce
morbidity and mortality. The classiﬁcation
schemes developed by the CPCCRN steering
committee using an expert panel employing
qualitative research methods are shown in
the data collection form (Supplemental
Fig 2).25–27 More than 1 pathophysiological
process or potential therapeutic addition or
advance could be relevant to each case.
We also developed performance parameters,
including time requirements for the reviews
and expertise requirements for the
reviewers. These criteria were intended to
ensure that the project was feasible and
could be completed in a timely fashion and to
guarantee that the person performing the
chart review was qualiﬁed. We standardized
the instructional process to allow the study
to be conducted in multiple institutions. This
process included supervision of the initial
reviews by a study co–principal investigator.
Finally, we included a process for oversight
and peer checking with the central reviewer
as the ﬁnal phase of the chart review. This
central review conﬁrmed the conclusions of
the primary reviews and helped ensure
uniformity and consistency in the
classiﬁcations.
In Fig 1, the chart review process is outlined
with steps for the primary reviewer to
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TABLE 1 Steps Taken to Develop the Chart Review Process
Step

Examples From Our Process

Establish goals and objectives of the chart review

Identify pathophysiology and potential therapeutic advances in ICU
morbidities and mortalities

Deﬁne the parameters that achieve the goals and objectives of the chart
review

Trigger: new morbidity or mortality (by using the FSS)

Establish a standardized data collection tool

See Supplemental Fig 2

Causes and interventions: CPCCRN expert panel
Identify possible locations within the EHR to ﬁnd data

Admission note, discharge note, consultant notes

Establish time limits for each phase of the chart review

5 min for conﬁrmation of trigger; 15 min for identiﬁcation of the cause;
10 min for the interventions; 5 min for the central review

Identify criteria for primary reviewers

Minimum of 2 y of critical care training

Develop training program for primary reviewers

Online module with supervision of the ﬁrst few chart reviews

EHR, electronic health record.

follow, recommended time frames for
each step, and details on where to ﬁnd
information relevant to this project with
examples of how it was applied to this
particular project. This process was
adapted from the methods developed for
the assessment of safety and quality of
health care and was most recently used
by the Institute for Healthcare

Improvement.28–30 In developing this process,
we made broad recommendations for
where to ﬁnd the information (eg, a
rehabilitation medicine consultation note
for the functional status of a patient),
acknowledging that the reviewer would
have better insight into their own electronic
health records and health system. When
generalizing this process, the phases of the

chart review in Fig 1 can be deﬁned as a
trigger (in our study, conﬁrming a new
morbidity or mortality), a cause for that
trigger (the pathophysiology of the trigger),
and a potential intervention (therapeutic
advance) followed by a conﬁrmatory
process (central review).
The primary reviewers were familiar with
the features of their local medical record

FIGURE 1 Process for the structured chart review: step by step process for the chart review with the recommended time period, source data, and
general and project-speciﬁc information.
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systems and determined the most efﬁcient
review sequence for their site. The initial
chart review step was to conﬁrm patient
eligibility by conﬁrming the dates of illness
and the FSS data, which established a new
morbidity. The time allotted for this was
∼5 minutes. Primary reviewers evaluated
327 patients and could not conﬁrm new
morbidity in 35 patients, resulting in a ﬁnal
sample size of 292 chart reviews. Because
the FSS from the original TOPICC database
was obtained from communications with
caregivers, it was expected that some new
morbidities would not be conﬁrmed via
chart review. Step 2 was to determine the
pathophysiological processes responsible
for the observed morbidity or mortality.
More than 1 pathophysiological process
may have been selected. An example would
be a patient who experienced a cardiac
arrest and has new morbidity from
hypoxic-ischemic injury to the brain. This
pathophysiology might be impaired
substrate delivery. If the cardiac arrest
was due to traumatic injury, then direct
tissue injury may also be a selected
pathophysiology. The time allotted for this
step was ∼15 minutes. Step 3 involved
determining the therapies or interventions
that, if these had existed or if existing
therapies had been more effective, might
have mitigated the new morbidity or
mortality. For example, hypoxic-ischemic
brain injury might be treated with therapies
to promote neuronal cellular regeneration.
The suggested time allotment for this step
was 10 minutes. Step 4 was a review
conducted by a central reviewer
(co–principal investigator M.M.P. or K.L.M.)
with the primary reviewer. The intent of this
step was to assess the primary reviewer’s
conclusions and to ensure consistency of
classiﬁcation among the sites. The central
reviewer was considered an expert in both
the chart review methodology and the
classiﬁcation system. For example, the
primary reviewer might discuss a patient
with severe hypoxic-ischemic injury and
recommend cellular regeneration as a
potential therapeutic advance, and the
central reviewer might suggest that
extracorporeal life support advances could
also beneﬁt this patient. The expected
duration of step 4 was ∼5 minutes. The

expected duration of the total process was
∼30 minutes per review.
The minimum qualiﬁcations for the primary
reviewers were expertise and experience in
critical care pathophysiology and therapies
and were operationalized as completion of at
least 2 years of a critical care fellowship,
current status as a physician at the
institution, and familiarity with the site’s
medical record. The primary reviewers
underwent a standardized Web-based
teaching session that included the central
reviewers, the site’s project manager, the
site’s primary reviewer, and the site’s CPCCRN
principal investigator. In this training session,
the protocol was reviewed, including
pertinent deﬁnitions, each pathophysiological
process, each therapeutic advance, and
potential data locations for the information.
The training session also included a review
of documents in which information could be

found and a review of the data collection
tool and allowed time for the review steps.
After this orientation, a central reviewer
participated in at least 2 reviews at each site
by teleconference until the primary reviewer
demonstrated competence performing the
methodology alone. Other issues were
resolved with the central reviewer.

Statistics
The structured chart review methodology is
reported for all initial chart reviews (N 5
327) by summarizing responses found on
both the primary and the central review
evaluation forms. Continuous variables,
such as the time needed to complete the
primary reviewer’s medical record review,
are reported by using means with SDs and
medians with interquartile ranges (IQRs),
whereas categorical variables are
summarized as counts and percentages.

TABLE 2 Primary Reviewer Questionnaires (N 5 327)
Questionnaire Items

Results

Time to complete the medical record review, min
Mean (SD)

30.2 (16.7)

Median (Q1, Q3)

25.0 (20.0, 35.0)

Did you ﬁnd the information you felt was needed to
make the requested conclusions? n (%)
Strongly agree

221 (67.6)

Agree

89 (27.2)

Probably

15 (4.6)

Disagree

0 (0)

Strongly disagree

1 (0.3)

Unknown

1 (0.3)

It was easy to form a conclusion regarding this
case, n (%)
Strongly agree

214 (65.4)

Agree

92 (28.1)

Probably

17 (5.2)

Disagree

2 (0.6)

Strongly disagree

1 (0.3)

Unknown

1 (0.3)

I am conﬁdent in the conclusion I came to, n (%)
Strongly agree

200 (61.2)

Agree

109 (33.3)

Probably

16 (4.9)

Disagree

0 (0)

Strongly disagree

1 (0.3)

Unknown

1 (0.3)

Q1, ﬁrst quartile; Q3, thrid quartile.
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Validity of the structured chart review
methodology was assessed by
questionnaires completed by the primary
and central reviewers after the chart
review. The primary reviewer questionnaire
was used to assess the ease of ﬁnding
information and forming conclusions and to
assess conﬁdence in the process (see
Results, Table 2). The central reviewer
questionnaire included similar items
regarding the ability of the process to
identify important issues, modiﬁcations
made to the conclusions of the primary
reviewer, and conﬁdence in the process
(see Results, Table 3). These subjective
assessments were measured by using
Likert response scales. The primary
reviewer recorded the duration required for
each review, and the central reviewer
recorded the time needed for each ﬁnal
review. Conﬁdence in the process was used
to assess face validity, whereas the number
of modiﬁcations reﬂected content validity.
A duplicative review of 41 charts was used
to assess the reliability of the chart review
process. Each central reviewer completed
an independent review of a minimum of

20 charts at their home site using the same
methodology as the primary reviewers but
without the secondary review. The central
reviewer had not reviewed these charts
as part of the described process. The
interrater reliability for the primary
pathophysiological processes and
therapeutic advances is reported as
percent agreement and k statistics with
corresponding 95% conﬁdence intervals
(CIs). Categories infrequently selected will
have wider CIs, and thus they will have less
reliable point estimates. Because multiple
categories could be selected for each case,
a k statistic and percent agreement were
calculated for each category. There is a lack
of general guidelines for acceptable
k statistics in the medical literature. As a
common standard, k statistics between
0.41 and 0.6 are assigned as moderate
reliability, k statistics between 0.61 and
0.80 as good reliability, and k statistics
between 0.81 and 1.00 as very good
reliability.31 Authors of previous chart
review studies have used a minimum
k statistic ranging from 0.41 to 0.6 as
acceptable agreement.15,32,33

TABLE 3 Review Process Evaluation by the Central Reviewer
Overall (N 5 292)
Minutes to complete record review with the primary reviewer
Mean (SD)

4.6 (1.90)

Median (Q1, Q3)

4.0 (3.0, 5.5)

Did the primary reviewer identify the important issues? n (%)
The reviewer seemed to identify the major issues required for the classiﬁcations.
The reviewer seemed to identify most of the major issues required for the
classiﬁcations.

254 (87.0)
37 (12.7)

The major issues were insufﬁciently identiﬁed for the classiﬁcations. This seemed
to be because the issues were complex, and more time or expertise was needed.

1 (0.3)

The major issues were insufﬁciently identiﬁed for the classiﬁcations. This seemed
to be because the reviewer did not adequately assess the record.

0 (0)

Conﬁdent in the classiﬁcation n (%)
Very conﬁdent

170 (58.2)

Conﬁdent

104 (35.6)

Neutral

17 (5.8)

Not very conﬁdent

0 (0)

Not conﬁdent

1 (0.3)

Modiﬁcations to the reviewer conclusions, n (%)

107 (36.6)

Modiﬁcation changed the pathophysiological classiﬁcationa

51 (47.7)

Modiﬁcation changed the therapeutic options classiﬁcationa

76 (71.0)

Q1, ﬁrst quartile; Q3, third quartile.
a
Percentages are out of reviews with a modiﬁcation made by a central reviewer.

RESULTS
There were 8 primary reviewers from the
7 institutions with experience ranging from
third-year fellow to professor. Most primary
reviewers (62.5%) had previous chart
review experience mostly with previous
research or associated morbidity and
mortality conferences. The median time
spent working in the PICU at the time of the
chart review was 92 months, with a median
of 18 months in a dedicated cardiac ICU. A
majority (75%) worked in a medical PICU,
whereas the remainder worked both in a
medical PICU and a cardiac ICU.
The primary reviewers conducted
327 reviews (Table 2) and conﬁrmed new
morbidity or mortality in 292 cases. The
mean time required for the chart reviews
was 30.2 (SD 16.7) minutes per case. The
primary reviewers agreed or strongly
agreed in 94.9% (277 of the 292) of reviews
that the information to form a conclusion
about pathophysiological processes and
therapeutic advances could be adequately
found during the chart review process. The
reviewers agreed or strongly agreed in
93.2% (272 of 292) of the reviews that
conclusions were easy to make. Reviewers
also had conﬁdence in the review process
for 94.2% (275 of 292) of reviews, indicating
agreement or strong agreement that they
were conﬁdent in their conclusions. The
secondary reviews of the central reviewers
with the primary reviewers (Table 3) took
4.6 (SD 1.9) minutes per case. The central
reviewer concluded that the primary
reviewer had identiﬁed all or most major
issues in all but one review and were
conﬁdent or very conﬁdent in the
classiﬁcation in 93.8% (274 of 292) of
reviews. Central reviewers made
modiﬁcations to 36.6% of the classiﬁcations
(107 of 292); 71.0% (76 of 107) involved
the therapeutic advances, and 47.7% (51
of 107) involved the pathophysiological
processes.
Forty-one reviews underwent 2 independent
reviews (Table 4). Percent agreement for the
pathophysiological processes for these
reviews ranged from 80.5% to 100% and
was .85% for 9 of 11 pathophysiological
process categories. The k statistics for the
pathophysiological processes ranged from
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TABLE 4 Reviewer Agreement for Primary Pathophysiological Processes and Therapeutic Advances (N 5 41)
Standard Review/Independent Review

Agreement, n/N (%)

k (95% CI)

Yes/Yes

No/No

Yes/No

No/Yes

14

19

4

4

33/41 (80.5)

0.60 (0.36 to 0.85)

4

33

2

2

37/41 (90.2)

0.61 (0.26 to 0.96)

11

25

5

0

36/41 (87.8)

0.73 (0.51 to 0.94)

Immune dysfunction

4

33

3

1

37/41 (90.2)

0.61 (0.27 to 0.95)

Toxicities

5

33

1

2

38/41 (92.7)

0.73 (0.43 to 1.00)

Tissue injury (direct)

4

33

3

1

37/41 (90.2)

0.61 (0.27 to 0.95)

Malnutrition

3

34

1

3

37/41 (90.2)

0.55 (0.16 to 0.94)

Pathophysiological processes
Impaired substrate delivery
Coagulation dysfunction
Inﬂammation

Electrical signaling dysfunction

9

28

3

1

37/41 (90.2)

0.75 (0.52 to 0.98)

Abnormal growth or abnormal cell cycle

2

31

5

3

33/41 (80.5)

0.22 (20.16 to 0.60)

Capillary or vascular dysfunction

1

36

1

3

37/41 (90.2)

0.29 (20.21 to 0.79)

Mitochondrial dysfunction

1

40

0

0

41/41 (100.0)

1.00 (1.00 to 1.00)

Mechanical respiratory support

4

29

7

1

33/41 (80.5)

0.40 (0.08 to 0.72)

Inhaled respiratory treatments

0

39

1

1

39/41 (95.1)

20.03 (20.06 to 0.01)

Renal replacement therapy and plasmapheresis

0

40

0

1

40/41 (97.6)

Extracorporeal support and artiﬁcial organs

6

32

2

1

38/41 (92.7)

Organ transplant

3

27

3

8

30/41 (73.2)

0.20 (20.12 to 0.53)

Blood and blood products

0

38

1

2

38/41 (92.7)

20.03 (20.08 to 0.01)

20

14

5

2

34/41 (82.9)

0.65 (0.42 to 0.88)

Therapeutic needs

Drugs
Drug delivery

0

41

0

0

41/41 (100.0)

Immune and inﬂammatory modulation

6

30

4

1

36/41 (87.8)

—
0.76 (0.49 to 1.00)

—
0.63 (0.34 to 0.92)
20.07 (20.14 to 20.00)

Nutritional support

0

35

4

2

35/41 (85.4)

Therapeutic devices

1

34

5

1

35/41 (85.4)

0.19 (20.20 to 0.59)

Monitoring devices

0

37

1

3

37/41 (90.2)

20.04 (20.10 to 0.02)

Cellular regeneration

5

23

9

4

28/41 (68.3)

0.23 (20.08 to 0.53)

Suspended animation

0

41

0

0

41/41 (100.0)

Mitochondrial support

1

40

0

0

41/41 (100.0)

—
1.00 (1.00 to 1.00)

A total of 41 cases underwent duplicate reviews at 2 sites. Agreement is indicated by “yes/yes” or “no/no” by the 2 reviewers. Disagreement is indicated by “yes/no”
or “no/yes.” —, not applicable.

0.22 to 1.00. Nine of the 11 categories had
k statistics $0.4, and 8 had k statistics
$0.6. The highest k statistics occurred in
the assessments that were the most
objective: electrical signaling dysfunction
(ie, cardiac arrhythmias and seizures),
toxicities, and inﬂammation. The reliability
measures for therapeutic needs were not as
good as those for the pathophysiological
processes. The percent agreement for
therapeutic needs ranged from 68.3% to
100%, with 11 of 15 .85%. The k statistics
for therapeutic advances ranged from 2
0.07 to 1.00, with only 5 of 15 $0.4. Three of
the 15 therapeutic categories were never
selected and could not be evaluated by
using the k statistic. The 95% CIs for the

k statistics were often wide, especially for
the items infrequently selected.

DISCUSSION
The structured chart review process we
developed was intended to be generalizable,
and our results support the potential use of
this process to fulﬁll purposes beyond the
scope of this speciﬁc project. Studies of
medical malpractice litigation and liability
insurance issues highlighted the use of
structured chart reviews. To investigate
malpractice litigation, the relevant data,
especially related to hospital injuries,
required that the Harvard Medical
Malpractice Study develop a standardized
approach to chart review.34,35 This endeavor

resulted in insights about adverse event
causation and lead to the initiation of root
cause analysis.3,28,36 The trigger tool
methodology was developed where medical
records were used to identify potential or
actual adverse events during patient care, a
process that is now largely automated.37–40
Our approach was a common-sense
framework that was consistent with the
original Harvard Medical Malpractice Study
principles.34 The critical steps that we took
to develop the chart review process include
clearly outlining goals and objectives,
creating a classiﬁcation scheme and tool to
achieve those goals and objectives,
reviewing times and source data that make

66

SIEMS et al

Downloaded from www.aappublications.org/news by guest on September 18, 2021

sense to the project, setting criteria for who
can conduct the chart reviewers, and
including a ﬁnal step of peer review with a
person who has core knowledge on the
goals and objectives of the project. These
steps all help standardize the chart review
process and contributed to the agreement
we saw in our data analysis. Training of
reviewers also clearly plays a critical role in
making sure the chart review is
standardized across reviewers and
ensuring that the reviewer understands the
process. Structured chart review
methodology has been described previously,
most notably by the Institute of Healthcare
Improvement’s Global Trigger Tool to identify
adverse events in patients who are
hospitalized, but the validity and reliability
have been variable.23,41 In our study, the
survey results of the primary and central
reviewers support the content and face
validity of the process. Reviewers were
generally conﬁdent in their ability to ﬁnd
information needed for reaching
conclusions, they felt that conclusions were
easy to form, and they were generally
conﬁdent in their conclusions. The primary
reviewers were all highly trained and had a
range of critical care experience from thirdyear fellow to senior faculty. A second-level
review by a central reviewer provided
classiﬁcation consistency. The central
reviewers were conﬁdent that the primary
reviewers identiﬁed all or most important
issues in all but one review. The process
was concluded within the expected time
period of ∼30 minutes for the primary
review and 5 minutes for the secondary
review.

categories. In contrast, advances in
therapies included hypothetical therapies
and was not a core expertise of the
reviewers.
There are several important limitations to
this study. First, we developed this chart
review methodology for a purpose that
required advanced experience and content
expertise for both site and central
reviewers. These highly trained and
experienced reviewers might have
contributed to the strong reliability and
validity data. We did not assess
applicability to projects with different
reviewer requirements. Second, the
interrater and agreement studies were
done in only 2 sites because of issues
involving protected health information. The
positive reliability and validity results
would be more robust with a larger
number of institutions.
We developed an efﬁcient, structured chart
review methodology that, when applied to
individual patients in critical care, had
excellent validity and percent agreement,
with sufﬁcient interrater reliability. Despite
the relatively complex assessments, the
case reviews averaged 30 minutes per case.
Structured chart reviews with clear
objectives by knowledgeable primary
reviewers followed by a brief secondary
review by an appropriate expert can be
valid and reliable and applied to research,
quality assessments, and process
improvement activities.
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