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“Reading between the lines” of flow sheet data: nurses' optional
documentation associated with cardiac arrest outcomes
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Abstract Historically, short “comments” on paper-based flow sheets conveyed the patient's overall clinical
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state. We analyzed the content and documentation patterns of electronic health record flow sheets for
201 cardiac arrest patients. Free-text comments were associated with the abnormality of clinical
measurements (p b .05). The documentation of 3 or more comments for acute care patients was
associated with a greater likelihood of dying by discharge (p b .01). Documentation of intensive care
unit vital signs greater than the minimum hourly requirement was associated with increased survival
of a cardiac arrest (p b .05). Further analysis of such patterns may be useful for the measurement of
nursing knowledge and surveillance activities, interdisciplinary communication tools, and clinical
decision making.

© 2012 Elsevier Inc. All rights reserved.
1. Background

The effective use of clinical documentation in electronic
health records (EHRs) for information exchange may reduce
risks to patient safety and increase the efficiency of com-
munication about a patient's clinical status and plan (Collins,
Bakken, Vawdrey, Coiera, &Currie, 2010a; Collins, Bakken,
Vawdrey, Coiera, & Currie, 2010b; Walker et al., 2008).
However, poorly designed systems may increase information
overload by providing an abundance of raw data with
minimal associated context or significance (National
Research Council, 2009). This information overload may
lead to an increased risk of patient harm (National Research
Council, 2009). Nurses perform surveillance activities to
detect potential threats or risks to patients and recognize
subtle cues and responses from the patient before physiolog-
ical changes are evident (Benner, 2001). The nurses'
knowledge gained from performing these surveillance
activities may be documented in the EHR in the form of
narrative comments associated with clinical measurements
(Gurman, Steiner, & Kriemerman, 1988); likewise, the
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nurse's level of concern about a patient's clinical state may
be evident in patterns of increased documentation. Therefore,
the use of the EHR as a tool to communicate a nurse's
concern may increase patient safety. Specifically, this may be
achieved through the extraction, visualization, and display of
synthesized and contextualized knowledge from the EHR.
Such intelligent displays may assist clinicians in quickly
identifying impending problems as well as solving problems
that could not be solved if they were presented only with raw
patient data (National Research Council, 2009).

Narrative nursing notes for hospitalized patients contain
distilled knowledge that “tells the patient's story” (Collins
et al., 2010a, 2010b). Nurses use paper- or computer-based
documentation flow sheets to organize and structure clinical
measurements such as vital signs, intake and output fluid
balance, and patient care interventions. Flow sheets can
facilitate recognition of trends and timely decision making
by clinicians, and they contain the information most com-
monly sought by physicians (Brown, Borowitz, & Novicoff,
2004). Twenty years ago, Gurman et al. (1988) discussed
how nurses annotated paper-based flow sheet values with
comments written directly on the flow sheet so that “one can
get the whole picture of the patient's condition at a certain
hour” (page 29). Today, EHR flow sheets provide a
mechanism for documenting clinical measurements in a
structured format. Most commercial EHRs allow for nurses

http://www.sciencedirect.com/science/journal/08971897
http://dx.doi.org/10.1016/j.apnr.2011.06.002
http://dx.doi.org/10.1016/j.apnr.2011.06.002
http://dx.doi.org/10.1016/j.apnr.2011.06.002
mailto:sacollins@partners.org
mailto:dkv2101@columbia.edu
http://dx.doi.org/10.1016/j.apnr.2011.06.002


252 S.A. Collins, D.K. Vawdrey / Applied Nursing Research 25 (2012) 251–257
to enter optional narrative (free-text) comments associated
with a clinical measurement. For example, in one widely
used commercial EHR, a nurse can right click on any data
entry field within a flow sheet to add a free-text comment
that will be associated with that field. An asterisk appearing
in the corner of the field indicates that a comment has been
entered. To view a comment, clinicians may right click on
the field.

Structured data in the EHR enable automated calculation
of physiological risk scores such as the Acute Physiology
and Chronic Health Evaluation (APACHE) (Knaus et al.,
1991). However, algorithms using structured data to identify
patients at risk of clinical deterioration have historically
lacked specificity (Kho et al., 2007). One reason for the
poor performance of these systems is the inaccuracy (i.e.,
lack of proper context) associated with the raw data being fed
to the algorithms.

Measuring nurses' surveillance activities and recognition
of subtle changes in the patient's condition may help identify
patients at risk of deterioration and inform clinical decision
making. Technological advances have made automated
analysis of documented comments and measurements for
display to clinicians through an EHR possible. Therefore, the
aim of this research was to analyze EHR flow sheet com-
ments and clinical measurements for content and patterns
associated with clinical outcomes. Knowledge derived from
this analysis may be useful as a complementary parameter to
physiological data to identify a patient's clinical state. In
addition, this analysis is an incremental step in measuring
nursing surveillance activities, developing nursing knowl-
edge, and building well-designed EHRs to support clinical
decision making.

The specific research questions addressed by this study
were as follows: (a) What is the content of nurses' optional
EHR documentation? And (b) what is the association of
nurses' optional documentation with a patient's clinical
measurements and outcomes?
2. Methods

Data were collected for hospitalized patients who
experienced a cardiac arrest during their hospital stay at a
large urban teaching hospital that uses a commercial EHR.
Institutional review board approval was obtained prior to
data collection. Patients less than 18 years of age were
excluded. All hospitalized patients who experienced a car-
diac arrest between September 2008 and December 2009
were included. At this hospital, when a cardiac arrest occurs,
a “Cardiac Arrest Event Note” is entered by a resident into
the EHR. For this study, all of the Cardiac Arrest Event
Notes entered between September 2008 and December 2009
were retrieved from the clinical data warehouse. A critical
care nurse (S.C.) reviewed the content of each note,
describing the event to verify that an arrest had occurred,
and the number of arrest patients retrieved from the clinical
data warehouse was verified with data from the hospital
cardiac arrest committee. Vital sign flow sheet data were
extracted from our institution's clinical data warehouse. In
some cases, nursing assistants entered data into the flow
sheets, which were assessed and verified by a registered
nurse (RN). The data set was constrained to include narrative
comments entered and the clinical measurements in the
nurses' vital sign flow sheets from 0 to 48 hours prior to the
patient's arrest. The methods consisted of two separate
analyses: (a) content analysis of comments documented on
vital sign flow sheets and (b) statistical analysis of patterns
of documentation of comments and clinical measurements
on vital sign flow sheets.

2.1. Content analysis of comments

Content analysis consisted of iterative coding of all of the
comments. The nursing process (assessment, diagnosis, plan,
intervention, and evaluation) was used as a coding
framework, and additional codes were developed as needed
based on the data to capture the content of all the codes.
Iterative coding development continued until saturation of
the coding occurred and no new codes were identified. After
the coding framework was developed, intercoder reliability
was performed by a physician informaticist on a random
sample of 10% of the comments. The physician was
presented with the final coding framework, including
definitions and examples for each code, and was asked to
use the framework to code the comments. The physician's
coding was compared with the coding done by the critical
care nurse for those same data items and Cohen's kappa
statistic was calculated. A physician informaticist was
chosen for the intercoder reliability because flow sheets
have been cited as the most common physician-reported
information source (Brown et al., 2004) and we anticipate
our coding of flow sheet comments to inform the deve-
lopment of an informatics tool, or redesign of EHR flow
sheets, to facilitate information exchange between nurses
and physicians.

2.2. Pattern analysis of comment documentation events

Descriptive statistics were used to describe the cardiac
arrest patients and the number of comments documented.
The Welch two-tailed t test was used to calculate the mean
difference for the number of comments between the patients
who died and those who survived. Due to sample sizes,
Fisher's exact test and relative risk with 95% confidence
intervals (CIs) were calculated using SPSS statistical
software to detect statistically significant associations
between the frequency of flow sheet comment documenta-
tion and (a) the seven types of vital sign flow sheet clinical
measurements, (b) the seven clinical measurements being
normal versus abnormal, (c) survival of cardiac arrest, and
(d) survival to discharge. The characterization of normal
versus abnormal clinical measurements was based on clinical
literature and established guidelines (Chobanian et al., 2003;



able 1
omment codes

omment code na % of code in total
comments (n = 388)b

tervention 231 59.5
D/PA/NP aware 143 36.9
ssessment 68 17.5
quipment information 27 6.9
N aware 22 5.6
lan 19 4.9
eference to other shift or location 10 2.6
eference to other documentation 4 1.0
otal codes 524 NA

a Total codes is greater than total comments (n = 388) because a
omment may have multiple codes.

b Percentages are of presence of each code in the 388 total comments,
ot of the 524 total codes; therefore, the sum is greater than 100% due to
me comments having multiple codes.
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Egi et al., 2011; Knaus, Draper, Wagner, & Zimmerman,
1985; Knaus et al., 1991). The seven clinical measurements
from the Vital Signs Flow Sheet were chosen because they
were the flow sheet measurements that had at least one
comment associated with them. These seven measurements
were temperature, blood pressure, heart rate, respiratory rate,
pulse oximeter oxygen saturation (SpO2), blood glucose, and
central venous pressure (CVP). Specifically, normal ranges
were defined as follows: (a) temperature between 96.8°F
and 101.12°F, (b) systolic blood pressure between 90 and
130 mm Hg, (c) heart rate between 50 and 99 beats/min, (d)
respiratory rate between 12 and 24 breaths/min, (e) SpO2

between 93% and 100%, (f) blood glucose between 70 and
150 mg/dl, and (g) CVP 3–12 cm H2O. We also used
Fisher's exact test and calculated relative risk to detect
statistically significant associations between the frequency
of documentation of the seven clinical measurements and
(a) survival of cardiac arrest and (b) survival to discharge. To
account for patients who stayed less than 48 hours, the
number of comments and clinical measurements documen-
ted per patient was normalized by the patient's length of stay
during the 48-hour period. Institutional review board
approval was obtained for this study.
3. Results

A total of 201 patients experienced an in-hospital cardiac
arrest between September 2008 and December 2009. At the
time of cardiac arrest, 145 (72%) of the patients were on a
general medical/surgical floor, 42 (21%) of the patients
were on an intensive care unit (ICU), 12 (6%) of the patients
were at an off-floor procedure (e.g., interventional radiology
and Computerized axial tomography (CAT) scan), and 2
(1%) of the patients were on a step-down unit.

There were 388 comments. At least 1 comment was
documented for 94 (47%) of the cardiac arrest patients. For
the total sample, an average of 1.93 comments were entered
per patient (range = 0–15, SD = 3.059). For patients with at
least 1 comment, an average of 4 comments were entered per
patient (range = 1–15, SD = 3). At least 1 comment was
entered for 71 (49%) general medical/surgical floor patients,
17 (40.5%) ICU patients, 5 (41.7%) patients at an off-floor
procedure, and 1 (50%) of the 2 step-down unit patients. Of
the 201 patients, 151 (75%) died and 50 (25%) survived to
discharge. The 151 patients who died had an average of
2.19 comments (range = 0–15, SD = 3.30) and the 50
patients who survived had an average of 1.14 comments
(range = 0–9, SD = 1.99) entered in the 48 hours prior to the
arrest. This is a mean difference of 1.05 comments (95% CI =
0.28–1.82; Welch two-tailed t test, p = .0077).

3.1. Content analysis of comments

Iterative coding resulted in eight coding categories for
documented comments (Table 1). Three of the coding
categories were based on categories from the nursing pro-
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cess: (a) assessment, (b) plan, and (c) intervention. The
remaining five coding categories were iteratively developed
based on the data to capture all of the content within the
comments. The five developed categories were (a) physi-
cian/nurse practitioner/physician's assistant (MD/NP/PA)
aware, (b) equipment information, (c) reference to other shift
or location, (d) RN aware, and (e) reference to other docu-
mentation. Cohen's kappa for intercoder reliability of a
random sample of 10% (39) of the comments was .841 (95%
CI = .693–.988). Eighty-nine comments contained multiple
concepts and were categorized as having up to four codes.
Fifty comments had two codes, 31 comments had three
codes, and 8 comments had four codes. The most frequent
combinations were “assessment and MD/NP/PA aware” (n =
30) and “assessment, MD/NP/PA aware, and intervention”
(n = 24). For example, the comment that contained the text
“pt alternating nsr 80's and afib 120's. MDX aware. Pt given
Coumadin 2.5 as ordered. VSS. Lopressor given via duo
tube” was coded as (a) assessment, (b) MD/NP/PA aware,
and (c) intervention.

A total of 231 (59.5%) comments discussed an “inter-
vention” related to the associated structured flow sheet
measurement; 143 (36.9%) indicated that the nurse notified a
physician, NP, or PA. These comments were typically
entered in the form of “MD/NP/PA aware” or “MD/NP/PA
notified.” The 68 (17.5%) “assessment” comments provided
further detail about the documented measurement. For
example, the comment “Unable to obtain” for the blood
pressure value of zero indicated that the assessment was done
but a blood pressure was not detected (subsequently, the
nurse manually obtained the blood pressure using Doppler
equipment). The 27 (6.9%) “equipment” comments de-
scribed information related to the functioning of monitoring
equipment. Of the 27 equipment comments, 20 described
that the calibration of pressure monitoring equipment was
done, indicating that the flow sheet value accurately reflected
the patient's state and was not an artifact caused by an
inaccurate setting or equipment malfunction. Twenty-two
(5.6%) comments were documented by a nursing assistant



able 3
ypes of documentation events containing comments

ype of structured flow sheet measurement Comments, n (%)

pO2 168 (43.3)
lood pressure 105 (27.0)
lood glucose 77 (19.8)
eart rate 21 (5.4)
VP 13 (3.4)
espiratory rate 4 (1.0)
otal 388 (100)
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and indicated that the “RN was aware” about the associated
vital sign measurement.

The 19 (4.9%) “plan” comments discussed the nurses'
plan of care related specifically to the clinical flow sheet
measurement that was associated with the comment. These
comments included plans such as the further assessment of
vital signs, administration of a diuretic medication, or titra-
tion of a continuous intravenous vasopressor medication to
achieve a specified blood pressure goal (e.g., “titrating to
map N65”). Ten (2.6%) of the comments referenced other
shifts or patient care locations. For example, 1 hour before
the nurses' change of shift, a comment stated: “MD made
aware, pt given losartan and hydralazine at this time, day RN
notified that these medications were given already.” Finally,
4 (1.0%) comments referenced other documentation, such
as “a-fib, see note.”

As a subanalysis, we coded the intervention comments
at a finer level of granularity (Table 2). Fifty-three percent
(n = 123) of the 231 intervention comments specified the
amount and method of supplemental oxygen administered,
including 4 comments that specified that the patient was
given a nebulizer. Furthermore, 32 (13.9%) of the interven-
tion comments described the settings of a mechanical venti-
lator or that a patient was intubated. The third most frequent
type of intervention was insulin administration (n = 25,
10.8%), followed by cardiac medications (n = 16, 6.9%). The
remaining intervention categories, which each accounted for
less than 5% of the intervention comments, were fluid bolus
(n = 11, 4.8%), low blood glucose (n = 11, 4.8%), no action
performed (n = 4, 1.7%), cardiac procedure (n = 4, 1.7%),
laboratory test (n = 2, 0.9%), physical therapy (n = 2, 0.9%),
and pain medication administration (n = 1, 0.4%). The
categories insulin and cardiac medication include continuous
intravenous medications. In the ICU, an order for a
continuous intravenous medication typically includes a
dosage range within which the nurse could increase or
decrease the dose (i.e., titrate) to maintain blood glucose or
blood pressure within a specified range. The comments that
referred to continuous intravenous medications typically
detailed contextualizing factors at the time of a dosage
change that influenced the nurse's decision to increase or
Table 2
Subanalysis of intervention codes

Intervention code n %

Supplemental oxygen 123 53.2
Mechanical ventilation 32 13.9
Insulin 25 10.8
Cardiac medication 16 6.9
Fluid bolus 11 4.8
Low blood glucose 11 4.8
No action performed 4 1.7
Cardiac procedure 4 1.7
Laboratory test 2 0.9
Physical therapy 2 0.9
Pain medication 1 0.4
Total 231 100
T
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decrease the medication dose. For example, one comment
stated: “Levophed increased to 13 when MAP [blood pres-
sure] decreased after starting CVVH [dialysis].”

Analysis of the EHR system indicated that, except for
“no action performed,” each type of intervention comment
(supplemental oxygen administered, mechanical ventilator,
insulin administration, fluid bolus, low blood glucose,
cardiac procedure, laboratory test, physical therapy, and
pain medication) entered in the Vital Signs Flow Sheet could
have been explicitly documented by a nurse in a structured
format elsewhere within the EHR. The information con-
tained in these intervention comments could have been
documented in the (a) Medication Administration Record,
(b) Assessment Flow Sheet, (c) Treatment Flow Sheet, (d)
Respiratory Flow Sheet, or (e) Blood Administration Note.
Therefore, in these 231 instances, the nurse either double
documented or documented the intervention information
only in the optional comment field.

3.2. Pattern analysis of comment documentation events

The 388 comments were associated with seven types of
clinical measurements (Table 3). SpO2 (n = 168), blood
pressure (n = 105), and blood glucose (n = 77) were the three
most frequent clinicalmeasurements for which a comment was
documented and, when combined, accounted for more than
90% of the comments (Table 3). The analysis with which
comment documentation events were associated with normal
and abnormal measurement values is presented in Table 4.

Comments documented for the clinical measurement
SpO2 were statistically more likely to be associated with
able 4
omment association with normal and abnormal measurements

Association with normal or
abnormal value

pa

linical measurement
SpO2 Normal b.0001
Blood pressure Abnormal b.0001
Blood glucose Abnormal b.0001
Heart rate Abnormal b.0001
Respiratory rate Abnormal .039
omment code
MD/NP/PA aware Abnormal b.0001

a Fisher's exact test.
T
C

C

C
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normal clinical values (112 normal measurements vs. 56
abnormal measurements, p b .0001, Fisher's exact test;
Table 4). All of the SpO2 comments were directly related to
the patient's oxygen status and respiratory function. Twenty-
eight of the SpO2 comments included “MD/NP/PA aware,”
150 SpO2 comments included an SpO2 “intervention” (e.g.,
“2 Liters nasal cannula,” “nebulizers given,” “100% non
rebreather,” and “ABGs [arterial blood gas] sent went up to
75% FiO2 [fraction of inspired oxygen ventilator setting]”),
and 19 SpO2 comments included a respiratory “assessment”
(e.g., denies SOB [shortness of breath],” “no respiratory
distress,” “patient SaO2 sat remains 92–93 when previously
96%,” and “SOB upon physical exertion”).

Comments were statistically more likely to be associated
with abnormal clinical values for the clinical measurements:
blood pressure (70 abnormal measurements vs. 34 normal
measurements, p b .0001, Fisher's exact test), blood glucose
(65 abnormal measurements vs. 12 normal measurements,
p b .0001, Fisher's exact test), heart rate (18 abnormal mea-
surements vs. 3 normal measurements, p b .0001, Fisher's
exact test), and respiratory rate (3 abnormal measurements vs.
1 normal measurement, p = .039, Fisher's exact test). There
were no comments documented for temperature measure-
ment values. There was no statistical association between
the documentation of a comment and a CVP value being
normal or abnormal (p = .130, Fisher's exact test). How-
ever, the comments coded as “MD/NP/PA aware” were
statistically more likely to be associated with abnormal
clinical measurements (107 abnormal measurements vs. 36
normal measurements, p b .0001, Fisher's exact test).

Overall, there was no difference in survival for patients
that had zero comments versus patients that had at least
one comment; however, general medical/surgical patients
were 1.27 times more likely to have died at discharge if
three or more comments were documented in the 48 hours
prior to cardiac arrest (95% CI = 1.06–1.51; Fisher's exact
test, p = .019). There was no statistically significant asso-
ciation between the documentation of comments and
survival immediately after cardiac arrest for general
medical/surgical patients. In addition, there was no associ-
ation between comment documentation and survival for ICU
cardiac arrest patients.

It is standard ICU practice to document vital signs once
per hour. Analysis of clinical measurement documentation
revealed that ICU patients were 1.96 times more likely to
survive a cardiac arrest if the nurse documented, on aver-
age, greater than 1 SpO2 measurement per hour in the
48 hours prior to arrest (95% CI = 1.06–3.59; Fisher's
exact test, p = .029). Furthermore, ICU patients were 1.97
times more likely to survive cardiac arrest if the nurse
documented, on average, greater than or equal to 1.5 blood
pressure measurements per hour in the 48 hours prior to
arrest (95% CI = 1.16–3.31; Fisher's exact test, p = .033).
There were no statistically significant associations between
the documentation frequency of other clinical measure-
ments and cardiac arrest survival or survival to discharge
for ICU patients. There were no statistically significant
associations between the documentation frequency of any
clinical measurements and survival for general medical/-
surgical floor patients.
4. Discussion

Nurses perform surveillance activities to detect potential
threats to patients and recognize subtle cues and responses
from the patient before physiological changes are evident
(Benner, 2001; Crocker & Scholes, 2009). This study dem-
onstrated that the patterns and content of flow sheet com-
ments and clinical measurement documentation may provide
information about nursing knowledge of the patient's
clinical state. This knowledge, beyond statistical patterns
of a patient's physiological data, may be used to balance the
sensitivity and specificity of clinical decision support and
automated surveillance systems to detect clinical deteriora-
tion (Kho et al., 2007).

Coding comments documented by nurses in EHR flow
sheets were useful to understand the types of clinical
information documented by nurses as they perform clinical
surveillance activities. The content of the comments docu-
mented by nurses indicates assessments, actions, concerns,
and contextualization about a patient's state, which, overall,
may be described as nurses' judgments based on surveil-
lance activities and may be useful in future research for a
variety of measures such as nurses' cognitive processes and
nurses' workload.

Furthermore, this study demonstrated that patterns of
nursing documentation are associated with patterns of normal
and abnormal clinical measurements and cardiac arrest
outcomes. Therefore, the vital sign flow sheet is rich with
valuable nursing knowledge beyond mere clinical measure-
ments. A significant portion of comments associated with
blood pressure, blood glucose, heart rate, and respiratory
rate measurements highlighted abnormal values. Most com-
ments related to SpO2 discussed the amount of supplemental
oxygen that patients were receiving. Guidelines define
hypoxemia in relation to the amount of supplemental oxygen
that a patient is receiving to maintain his or her blood oxygen
saturation level. For example, one guideline states: “SpO2

of less than 90% in subject's breathing room air” (Kallstrom,
2002). Note that we defined a stricter normal SpO2 as 93% or
greater for this study based on APACHE (Knaus, 1991). The
guideline of Kallstrom (2002) demonstrates that the proper
context of the amount of supplemental oxygen administered to
the patient is an important factor for respiratory status
evaluation. For example, a patient who is receiving 100%
oxygen through a nonrebreather face mask to maintain SpO2

greater than 95% may be considered more unstable than a
patient who is receiving 2 L/min of oxygen through a nasal
cannula with SpO2 between 90% and 95% (O'Driscoll,
Howard, Davison, 2008). It is typical practice on a general
medical/surgical floor or ICU for a nurse to independently
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make clinical decisions regarding adjustments to the amount of
supplemental oxygen administered to a patient. The docu-
mentation of these changes in relation to the patient's SpO2

may properly contextualize the patient's state beyond a clinical
measurement. This nursing practice of communicating the
patient's state through the use of comments to contextualize
vital signs and other clinicalmeasurementsmay be defined as a
form of interdisciplinary communication through the EHR.
However, 36.9% of the comments state that the physician, NP,
or PA was notified through another mode of communication,
and it is unknown how often comments are read and bywhom.
In addition, it is unknown if other clinicians are aware that a
nurses' comments and documentation patterns may be a
reflection of the patient's clinical state.
5. Implications for nursing practice

Providing nurses with intelligent documentation tools that
explicitly capture and display clinical patterns and knowl-
edge and provide a forum for communication through the
EHR may increase collaborative awareness of the patient's
clinical state. Furthermore, increasing charting efficiency via
automatic data collection from bedside devices may allow
more time for nurses to evaluate, highlight, and annotate data
with the proper context needed for an accurate clinical
interpretation of the patient's state (Vawdrey et al., 2007).

Nursing documentation problems, and barriers to nursing
knowledge discovery through documentation, have been
associated with the perception that documentation is for legal
or regulatory purposes and not for communication of infor-
mation that may be used for clinical decision making
(Brooks, 1998; O'Brien & Pearson, 1993). Interestingly, our
study demonstrated that the optional information that nurses
chose to document and the patterns of that optional docu-
mentation were associated with the abnormality of clinical
measurement values and cardiac arrest patients' outcomes.
Therefore, in some instances, nurses' autonomy to use their
clinical judgment to choose what information is significant
to document and how it should be documented may be a rich
source of documented clinical expertise and nursing knowl-
edge. A future research challenge will be to harness and
measure this knowledge and these decision-making processes
with the appropriate informatics tools and methods to inform
clinical decision making at the point of care.

5.1. Limitations

This study was conducted at one large urban teaching
hospital that uses a commercial EHR. The sample size was
limited to vital sign flow sheet documentation for patients
who experienced a cardiac arrest. Future analysis should
include other types of nursing flow sheets and documenta-
tion and comparison with a cohort of non-cardiac-arrest
patients. In addition, future work should evaluate flow sheet
comments in relation to their role as a clinical communica-
tion tool and develop user-friendly comment fields in EHRs
to increase their visibility.
6. Conclusion

A total of 388 optional comments for 201 cardiac arrest
patients were coded into eight categories. This study found that
documentation within the EHR vital sign flow sheet is rich
with patterns and content of nurses' judgments, concerns, and
contextualization about a patient's state that are associatedwith
the abnormality of clinical measurement values and cardiac
arrest outcomes. These patterns may be useful for the
measurement of nurses' surveillance activities, clinical
decision making, and workload. Further analysis of the
patterns and content of flow sheet comment fields and clinical
measurements may be helpful for predicting patient compli-
cations and to inform the development of EHR flow sheets and
documentation that support nursing practice, interdisciplinary
communication, and clinical decision making.
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