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Abstract

This study explores the variability in nursing documentation patterns in acute care and ICU settings, focusing on
vital signs and note documentation, and examines how these patterns vary across patients' hospital stays,
documentation types, and comorbidities. In both acute care and critical care settings, there was significant
variability in nursing documentation patterns across hospital stays, by documentation type, and by patients'
comorbidities. The results suggest that nurses adapt their documentation practices in response to their patients’
fluctuating needs and conditions, highlighting the need to facilitate more individualized care and tailored
documentation practices. The implications of these findings can inform decisions on nursing workload management,
clinical decision support tools, and EHR optimizations.

Introduction

Nursing documentation in electronic health records (EHRS) is vital for clinical decision-making, communication
among care teams, and legal recordkeeping. Variability in nursing documentation patterns refers to differences in
how nurses document, such as the frequency and timing of documentation, and the types of data documented. The
variability in nursing documentation patterns reflects the active decision-making and expertise that underlie the
nursing process. Nurses draw on their observations and knowledge to make complex judgments that guide their
patient care actions, with these patterns revealing important signals regarding nurses' concerns for clinical
deterioration and patients' health status. Several studies have demonstrated variabilities in nursing documentation
patterns based on the types of data and external factors such as nursing staff workload documentation burden,
facility types, nursing practice standards, and unit culture!-3.

A number of studies have examined nursing documentation patterns and their associations with patient outcomes.
For example, documenting vital signs more frequently than the minimum requirement is associated with higher
mortality and cardiac arrest rates, suggesting that increased documentation frequency may reflect a nurse's increased
concern regarding a patient's deteriorating health*>. A recent study found that in ICUs, nursing documentation
patterns such as increased documentation of heart rate and body temperature were significantly associated with a
higher likelihood of patient mortality, while in acute care units, increased documentation of blood pressure,
respiratory rate with comments, and withheld medications were associated with a higher likelihood of patient
mortality®. Therefore, understanding nursing documentation patterns can reveal important signals that may not be
evident from data values alone. These signals have been leveraged in the CONCERN (Communicating Narrative
Concerns entered by RNs) predictive model and clinical decision support tool to identify early warning signs of
patient deterioration. CONCERN uses real-time analytic approaches that account for the temporal signals of each
data point of nursing documentation, such as an increased number of documentation entries during uncommon times
and optional documentation, to predict patient deterioration’s.

Despite the importance of nursing documentation patterns, as evidenced by the CONCERN study, there is a lack of
research on how these patterns vary across the days of patients’ inpatient hospitalization. As patients’ conditions and
needs evolve during their hospital stay, nursing documentation patterns may also change, with nurses adjusting the
frequency and types of documentation based on their assessment of the patient's condition. For example, during the
initial days of hospitalization, nurses may document more frequently as they assess and monitor the patient's
condition. As the patient stabilizes, the frequency of documentation may decrease. On the other hand, if a patient's
condition worsens, the frequency of documentation may increase as nurses monitor the patient more closely. The
types of documentation may also vary as the patient's condition changes, with nurses focusing on different aspects of
care or interventions as the patient progresses through their hospital stay. Overall, understanding how nursing
documentation patterns change across patients' hospital stay can provide valuable insights into how nurses are
adapting their practices to address the changing needs of their patients. Establishing a baseline of nursing
documentation patterns across hospital days can also be useful to identify when nurses change those patterns in
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response to varying patient states and conditions. These insights can inform decisions about nursing workload
management, identify areas where documentation standards and practices may need to be revised, and facilitate
efforts to streamline documentation processes, ultimately reducing documentation burden. Documentation burden is
a critical problem impacting the health professional workforce and is prioritized by the Office of the Surgeon
General, Centers for Medicare and Medicaid, and the National Academy %L, Interestingly, some of the strongest
signals in the CONCERN model are nurse documentation patterns that are above and beyond the documentation
requirements. A deeper understanding of the interplay between documentation requirements, documentation
patterns, patient states, and statistical signals is needed to guide burden reduction efforts.

In this study, we explored how nursing documentation patterns vary across patients’ hospital stays. Specifically, we
aimed to 1) describe the patterns of nursing documentation over the first 10 days of hospitalization, 2) examine
whether there are significant variations in documentation frequency across days of hospital stays and the types of
documentation, and 3) explore how nursing documentation patterns differ across patients’ hospital stays based on
their levels of comorbidities.

Methods

We conducted a retrospective analysis of all vital signs and nursing notes entries documented in the Epic EHR
system at a large academic hospital in New York City over 12 months from January 2022 to December 2022. Our
study included all patients aged 18 years or older admitted to any of our 13 CONCERN study units, including 9
acute care units and 4 1CUs. Patients with a total duration of hospital stay less than 24 hours were excluded. For
each data point entered, we collected data element name, unique patient encounter identifier, date and time of data
entry, clinical unit type (acute vs. critical care), Charlson Comorbidity Index (CCI) category, admission date and
time, and demographic characteristics for each patient, such as age at admission, gender, race, and ethnicity.

Our study focused on five vital signs commonly collected for routine clinical nursing practice in inpatient settings:
body temperature, blood pressure, oxygen saturation, pulse rate, and respiration rate. Since we were interested in
nursing documentation patterns, we only included vital sign entries in nursing flowsheets. To address the issue of
reuse of data elements and different data element names for the same vital sign, if a patient had data entered for any
of the different names for the same vital sign concept with the same time stamp, it was counted as one. In addition to
vital signs, we also included nursing notes documented in the EHR. Nursing notes included the following note
names from our EHR: note, nurse note, and progress notes authored by registered nurses. As a measure of patients’
complexities, we used the Charlson Comorbidity Index (CCI) scores that were available through our EHR system.
The CCl is a widely used tool that categorizes the comorbidities of patients based on their medical history, using the
International Classification of Diseases (ICD) codes. A score of zero indicates the absence of comorbidities, whereas
higher scores indicate an increased likelihood of adverse outcomes such as mortality or increased resource
consumption®?. To classify the scores, we utilized the commonly used categorization of CCI into four categories: 0,
1-2, 3-4, and 5 or higher, which respectively represent none, low, moderate, and high comorbidities.

We calculated the number of days since admission (i.e., length of hospital stays in days) for each data entry by
subtracting the date and time of the data point entered from the admission start date and time. To analyze the data,
we grouped the data points entered by patient encounter IDs and documentation types (blood pressure, pulse,
respiration, SpO2, temperature, notes), and counted the number of data points entered for each hospital day. We
conducted a descriptive analysis of documentation counts per patient per hospital stay days for each documentation
type. We performed a one-way analysis of variance (ANOVA) to test for significant differences in the mean counts
of each documentation type per patient between the first 10 days of hospital stays. Next, we conducted ANOVA for
each combination of CCI category and documentation type to examine the differences in mean counts. To test for
independent and interaction effects of documentation type, length of stay, and CCI category on the mean counts of
nursing documentation per patient, we performed a three-way ANOVA. All analyses were conducted separately for
acute care units and 1CUs.

Results

The data used for analysis in this study included 2741 patients in the acute care units and 391 patients in ICUs.

For acute care units, the mean age at admission was 62.85 years (SD=17.47), and the mean CCIl was 2.52
(SD=2.69). 33.6% of patients had a CCI score of 1or 2, 28.53% had CCI score of 0 (28.53%), 19.85% had CClI
scores 5 or higher (19.85%), and 18.02% had CCI scores of 3 or 4 (18.02%). About half of the patients were female
(50.86%), and the most common race was unknown (32.98%), followed by White (33.38%), Black or African
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American (20.57%), and Other (10.98%). The majority of patients were not Hispanic or Latino (63.33%). For
patients in ICUs, the mean age at admission was 62.82 years (SD=17.39), mean CCl was 2.85 (SD=2.76). 37.85% of
patients had CCI scores of 1 or 2, 22.76% had CCI scores 3 or 4 (22.76%), 20.46% had CCI scores 5 or higher
(20.46%), 18.93% had CClI score 0 (18.93%). 52.4% were male, and the most common race was White (39.89%),
followed by Unknown (35.29%), Black or African American (15.6%), other race (7.16%) and Asian (2.04%).
64.45% were not Hispanic or Latino.

Table 1 shows the descriptive statistics of mean counts of documentation per patient by each hospital day for the
first 10 days in acute care units. The average frequency of blood pressure, pulse, respiration, and SpO2
documentation decreased over time, while the frequency of note documentation increased slightly. The range of
documentation frequency for all assessment types was quite wide, with some patients having very few assessments
documented and others having many. The interquartile range of documentation frequencies was relatively consistent
across assessment types, ranging from 2-4 for most types.

Table 1. Descriptive statistics of nursing documentation frequency for a patient by hospital days (acute care units).

Day 1 Day 2 Day 3 Day 4 Day S Day 6 Day 7 Day 8 Day 9 Day
10
N of patients 1011 1207 1371 1226 1064 838 620 402 252 106
Blood pressure
Mean 4.77 3.27 3 3.14 3.24 3.51 3.22 3.11 3.36 3.06
SD 4.25 3.58 3.11 3.31 3.56 4.41 3.6 2.99 3.72 3.33
Median 3 2 2 2 2 2 2 2 2 2
Range 23 35 21 25 26 39 23 15 17 15
Min 1 1 1 1 1 1 1 1 1 1
Max 24 36 22 26 27 40 24 16 18 16
IQR 6 3 3 3 3 3 3 3 3 2
Pulse
Mean 5.13 3.55 3.42 3.41 3.45 4.16 3.89 3.28 3.41 3.2
SD 4.8 4.15 4.28 4.14 3.94 6.79 9.95 32 3.72 3.45
Median 3 2 2 2 2 2 2 2 2 2
Range 53 45 47 47 32 84 188 17 16 16
Min 1 1 1 1 1 1 1 1 1 1
Max 54 46 48 438 33 B85 189 18 17 17
IQR 7 3 3 3 3 4 4 3 3 3
Respirations
Mean 5.05 3.53 3.29 3.37 3.45 3.82 3.97 3.21 3.41 3.37
SD 4.74 4.19 4.09 4.04 3.77 5.51 10.45 32 3.68 3.67
Median 3 2 2 2 2 2 2 2 2 2
Range 53 45 47 47 32 84 188 17 16 16
Min 1 1 1 1 1 1 1 1 1 1
Max 54 46 48 438 33 85 189 18 17 17
IQR 7 3 3 3 3 = = 3 3 3
SpO2
Mean 5.12 3.36 3.19 3.23 3.32 3.81 3.85 3.26 3.25 3.27
SD 4.76 3.8 3.99 3.72 3.68 5.59 10.08 3.15 3.61 3.57
Median 3 2 2 2 2 2 2 2 2 2
Range 50 31 45 38 26 64 182 17 16 16
Min 1 1 1 1 1 1 1 1 1 1
Max 51 32 46 39 27 635 183 18 17 17
IQR 7 3 3 3 3 3 3 3.5 2 2.5
Temperature
Mean 1.82 1.82 1.74 1.78 1.73 1.77 1.71 1.64 1.59 1.63
SD 1.33 1.31 1.3 1.27 1.17 1.19 1.43 1.1 0.97 0.92
Median 1 1 1 1 1 1 1 1
Range 16 9 12 13 10 11 18 7 6 5
Min 1 1 1 1 1 1 1 1 1 1
Max 54 46 48 48 33 85 19 18 17 17
IQR 7 3 3 3 3 4 4 3 3 3
Notes
Mean 1.36 1.32 1.31 1.37 1.36 1.37 1.42 1.34 1.33 1.27
SD 0.82 0.68 0.77 0.84 0.78 0.79 0.93 0.84 0.85 0.72
Median 1 1 1 1 1 1 1 1 1 1
Range 6 5 7 7 5 5 6 5 6 3
Min 1 1 1 1 1 1 1 1 1 1
Max 7 6 8 8 6 6 7 6 7 4
IQR 0 0 0 0 0 0 0 0 0 0
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Table 2 presents the results of a one-way ANOVA for acute care patients comparing the mean counts of
documentation per patient per hospital day stratified by CCI categories, in acute care units. Although there were no
statistically significant differences in the mean counts of documentation by hospital days when analyzed with all
patients, there were statistically significant differences between hospital days for when the analysis was conducted
stratified by CCI categories. The mean counts of blood pressure, pulse, respiration, and SpO2 documentation types
were significantly different between hospital days across all CCI categories except for CClI scores 5 or higher.

Table 2. ANOVA results comparing mean counts of documentation per patient by hospital days (acute care units).

Documentation type F-value p-value

All patients Blood pressure 16.56 3.21
Pulse 9.38 2.69
Respiration 8.73 3.90
Sp0O2 11.81 1.27
Temperature 1.10 0.36
Note 1.03 0.42

Stratified by CCI category

0 Blood Pressure 13.95 <0.001
Pulse 12.34 <0.001
Respiration 11.36 <0.001
SpO2 13.27 <0.001
Temperature 0.57 0.83
Note 1.46 0.16

1-2 Blood Pressure B.44 <0.001
Pulse 3.05 =0.01
Respiration 3.59 <0.01
Sp02 3.82 <0.01
Temperature 0.84 0.58
Note 0.52 0.86

3-4 Blood Pressure 2.47 <0.01
Pulse 2.09 <0.05
Respiration 1.90 <0.05
SpO2 3.11 <0.05
Temperature 1.29 0.23
Note 0.86 0.56

5 or higher Blood Pressure 1.46 0.16
Pulse 1.31 0.23
Respiration 1.27 0.25
SpO2 1.00 0.45
Temperature 0.71 0.69
Note 0.86 0.56

Table 3 presents the results of the ANOVA analysis that compared mean counts of documentation per patient by
hospital days in acute care units. The analysis included documentation type, hospital days, and CCI category as
independent variables. The main effects of documentation type, hospital days, and CCI category were all significant
indicating that there is significant variability in documentation frequency by the types of documentation, hospital
stay days, and CCI categories. The results also showed significant interaction effects between documentation type
and hospital days and between documentation type and CCI category. These findings suggest that the relationship
between documentation type and mean documentation frequency varied depending on the hospital days and the
patients’ level of comorbidity. There was also a significant interaction effect between hospital days and CCl
category, indicating that the effect of hospital days on mean counts of documentation per patient depended on the
patient's level of comorbidity.

Table 3. ANOWVA results comparing mean counts of documentation per patient by hospital days (acute care units).

S8 df F p-value
Documentation type 30211.08 5 404.91 <0.001
Hospital days 6933.79 9 51.63 <0.001
CCI category 3155.09 3 70.48 <0.001
Documentation type * hospital days 2404.84 45 3.58 <0.001
Documentation type * CCI category 806.17 15 3.60 <0.001
Hospital days * CCI 2688.09 27 6.67 <0.001
Documentation type * hospital days* CCI 1376.386 135 0.683 0.99
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Figure 1 displays the mean counts of nursing documentation for a patient across the length of stay in the acute care
units. Overall, there were similar trends across documentation types, with blood pressure, pulse, respiration, and
SpO2 following similar patterns, while not many variabilities are evident for temperature and note documentation.
Notably, the frequency of temperature documentation was lower compared to other vital signs. Additionally, the
frequency of note documentation was low across days and CCI categories. The highest overall frequencies of
documentation were observed on Day 1, which slowly decreased over time with some peaks at day 6-8 for most
documentation types. However, the patterns differed for patients with different comorbidity levels. For patients with
greater comorbidities, there were greater variability across hospital days. In contrast, for patients with lower
comorbidities (CCI=0), there is a gradual decreased in documentation frequency over time, with an increase
observed at day 10.

Figure 1. Mean Counts of Nursing Documentation for a patient across Length of Stay (day)- Acute Care Units

Mean Counts of Nursing Documentation for a patient across Length of Stay (day)- Acute Care Units

Stratified by CCl categories
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Table 4 shows the descriptive statistics of mean counts of documentation per patient by each hospital day for the
first 10 days in ICUs. Similar to the results from acute care units, blood pressure, pulse, respiration, and SpO2 had
higher means compared to temperature and notes. Additionally, the IQR for most documentation types was
consistent and similar (between 8-10) across hospital days, except for temperature and notes.

Table 4. Descriptive statistics of nursing documentation frequency for a patient by hospital days- ICUs

Dayl | Dayl | Day3 Day4 | Day$s Day6 | Day7 | Day8 | Day9 | Dayld
N of patients 245 272 240 181 106 79 40 26 16 5
Blood pressure
Mean 8.25 9.97 8.69 8.46 9.36 7.17 8.32 6 8.67 2.25
SD 7.01 7.19 7.23 6.99 7.15 5.18 5.32 549 7.44 2.5
Median 6 10 7 7 8 6 9.5 L 8 1
Range 36 36 39 46 38 22 23 19 27 5
Minimum 1 1 1 1 1 1 1 1 1 1
Maximum 37 37 40 47 39 23 24 20 28 6
IQR 9 9 9 9 9 8 8.75 5.25 7 1.25
Pulse
Mean 8.62 10.23 9.03 8.78 9.57 7.28 8.26 6 9.2 -
SD 7.43 7.55 7.34 7.43 742 5.25 4.57 545 7.31 3.08
Median 7 10 7 8 8 6.5 10 L 9 -
Range 41 51 39 55 35 22 16 19 27 7
Minimum 1 1 1 1 1 1 1 1 1 1
Maximum 42 52 40 56 36 23 17 20 28 8
IQR 9 10 9 9 9 8 8.75 5 7 5
Respirations
Mean 8.4 10.06 8.96 8.68 9.37 7.3 8.08 5.96 9.2 -
SD 7.45 7.51 7.31 7.48 7.36 5.26 4.72 5.4 7.31 3.08
Median 7 10 7 8 8 7 10 - 9 -
Range 39 51 39 56 35 22 16 19 27 7
Minimum 1 1 1 1 1 1 1 1 1 1
Maximum 40 52 40 57 36 23 17 20 28 8
IQR 9 9 9 9 8 8 9 5 7 5
SpO2
Mean 8.2 9.66 8.46 8.7 8.45 6.85 7.85 5.7 9.4 2.8
SD 7.09 6.68 6.64 7.27 6.45 5.33 4.92 5.55 7.44 1.79
Median 6 9.5 7 8 7 5 8 3 9 3
Range 38 37 33 57 27 22 16 19 27 -
Minimum 1 1 1 1 1 1 1 1 1 1
Maximum 39 38 34 58 28 23 17 20 28 5
IQR 9 9 9 9 9 9 9 5 8 3
Temperature
Mean 5.59 6.09 6.13 5.29 5.54 5.56 5.79 4.95 5.15 2.75
SD 6.04 5.76 6.68 5.71 6.55 4.8 4.7 5.03 6.8 3.5
Median 3 - 3 3 3 = 3 3 3 1
Range 33 30 39 26 38 22 13 18 26 7
Minimum 1 1 1 1 1 1 1 1 1 1
Maximum 34 31 40 27 39 23 14 19 27 8
IQR 7 7 7 6.75 4.75 7.75 8 6 - 1.75
Notes
Mean 1.29 1.25 1.16 1.23 1.19 1.12 1.26 1 1.25 1
SD 0.58 0.51 0.49 0.69 0.48 0.42 0.56 0 0.46
Median 1 1 1 1 1 1 1
Range 3 2 3 - 2 2 2 0 1 0
Minimum 1 1 1 1 1 1 1 1 1 1
Maximum = 3 - 5 3 3 3 1 2 1
IQR 0 0 0 0 0 0 0 0 0.25 0

Table 5 presents the ANOVA results comparing the mean counts of documentation per patient by hospital days in
the ICUs for all patients and stratified by CCI categories. The results show that for all documentation types, the F-
values were relatively low, indicating lower variability between days. When mean counts of documentation per
patient were compared between hospital days for all patients in ICUs, blood pressure, pulse, respiration, and SpO2
showed statistically significant differences. However, when the means were compared within each CCI category,
there were no statistically significant differences between hospital days.
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Table 5. ANOVA results comparing mean counts of documentation per patient by hospital days(ICUs).

F-value p-value
All patients Blood pressure 2.42 <0.05
Pulse 2.29 <0.05
Respiration 2.13 <0.05
Sp0O2 2.34 <0.05
Temperature 0.48 0.89
Note 0.58 0.81
Stratified by CCI category*
0 Blood Pressure 0.64 0.70
Pulse 0.76 0.60
Respiration 1.05 0.40
Sp0O2 1.35 0.24
Temperature 0.28 0.95
Note 1.15 0.34
1-2 Blood Pressure 1.4% 0.18
Pulse 1.13 0.34
Respiration 1.28 0.26
SpO2 1.35 0.23
Temperature 0.43 0.86
Note 1.36 0.23
3-4 Blood Pressure 1.73 0.11
Pulse 1.26 0.28
Respiration 1.15 0.33
SpO2 0.71 0.64
Temperature 0.40 0.88
Note 0.45 0.85
5 or higher Blood Pressure 0.74 0.61
Pulse 0.87 0.51
Respiration 0.84 0.54
Sp0O2 0.41 0.87
Temperature 0.70 0.65
Note 0.71 0.64

*ANOVA tested by CCI categories only on days | to 7 since there were 0 counts for some documentation types for
certain CCI categories on days 8, 9, and 10 (due to decreased N)

Table 6 displays the two-way ANOVA results comparing mean counts of documentation per patient by hospital
days in ICUs. Significant differences in the mean counts of each documentation type and hospital days were
observed, indicating that both factors play a role in the observed mean counts. However, there was no significant
variability by CCI category in ICUs. Interestingly, the interaction between hospital days and CCI category was
significant, suggesting that the relationship between hospital days and mean counts depends on the CClI category. In
contrast, the non-significant three-way interaction suggests that the interaction between documentation type and
hospital days remains consistent across different CCI categories.

Table 6. ANOVA results comparing mean counts of documentation per patient by hospital days (ICUs).

5§ df F p-value
Documentation type 10095.057 | 5 46.67 <0.0001
Hospital days 1546.928 | 9 3.97 <0.01
CCI category 149.751 3 1.154 0.326
Documentation type * hospital days 851.987 45 0.438 0.999
Documentation type * CCI category 289.947 15 0.447 0.945
Hospital days * CCI 3324.868 | 27 2.846 <0.0001
Documentation type * hospital days* CCI 1290.468 | 135 0.221 1.00
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Figure 2 displays the mean counts of nursing documentation for a patient across the length of stay in the ICUs. The
frequency of documentation was consistently high in the ICU setting, with some drops observed at around day 8 and
on. This drop may be related to the significant drop in the number of patients included in the analysis at day 7, 8, 9,
and 10. The highest frequency of documentation was observed on day 1 and 2, with peaks at day 7 for patients in
CCl category 1-2. Blood pressure, pulse, respiration, and SpO2 followed similar patterns for the first 6 days for
patients in all CCI categories.

Figure 2. Mean Counts of Nursing Documentation for a patient across Length of Stay (day)- ICUs

Mean Counts of Nursing Documentation for a patient across Length of Stay (day)- ICUs Stratified by ategor
2 CCl Category 0 OC1 Category 1-2
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Discussion and Conclusions

In this study, we investigated nursing documentation patterns in both acute care and ICU settings with a focus on
vital signs and note documentation. Our first aim was to describe the nursing documentation patterns across patients’
hospital stays. In acute care units, nursing documentation frequency was the highest in the first few days and
gradually decreased over time. The increased frequency of vital sign documentation on day 1 may indicate the need
for baseline assessments or the instability of patient states or conditions. The spike in vital sign documentation on
days 6-7 across all CCI categories, with some vital signs being documented more frequently than others, may also
reflect a change in the patient's condition. The ranges of documentation frequency for all assessment types were
quite wide, which may suggest variability in how nurses prioritize and document assessments across patients. In
contrast, we found lower variability in documentation across hospital days in ICUs suggesting that nurses in ICUs
documented at more similar rates across patients' hospital stays than in acute care units. In ICUs, there were also less
variability in the first few days with some spikes in the frequency around day 8 and on. This may indicate that those
patients who stay in the ICUs longer may have deteriorating conditions requiring nurses to increase their
surveillance and document more frequently. Lower variability in ICUs may also be explained by the differences in
baseline documentation frequency between acute and critical care settings. In the ICUs, nurses are typically required
to document patient information every hour, as opposed to every 4-6 hours in the acute care settings. Our studies
have demonstrated that nurses tend to increase their surveillance frequency in response to changes in patient states’.
This suggests that for the sickest patients in the ICU, the hourly documentation requirement may already be high
enough, so that nurses do not need to further increase their surveillance frequency. On the other hand, in the acute
care setting, there may be a wider range of patient surveillance needs and a lower baseline for surveillance
frequency. Finally, we found that, in both acute and ICU settings, blood pressure, respirations, pulse, and SpO2 were
most frequently documented, while temperature was least frequently documented, consistent with a previous
study.® Temperature may be less frequently monitored because it requires a more intrusive method requiring more
hands-on interaction with patients, particularly in the acute care setting, compared to parameters like blood pressure,
pulse, and SpO2, which can be monitored continuously using devices. In the ICUs, temperature probes may be
included on some continuous monitoring devices for some patient conditions, but this is not the case in acute care
settings. This is an important area for further exploration, particularly given the importance of temperature
assessments for sepsis risk assessment and identification. The frequency of note documentation was also very low
but consistent across hospital days. The infrequent documentation of clinical notes may also reflect the current
documentation practices and expectations of the healthcare system. Nurses may feel pressured to focus more on
objective data, like vital signs, instead of subjective observations to make sure they are meeting documentation
requirements and reducing legal risks. In addition, nurses may not have sufficient time to complete note
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documentation, as they may be preoccupied with the documentation they are required to complete, as well as non-
EHR patient care activities.

The second aim of this study was to investigate if there is significant variability in nursing documentation frequency
across patients’ hospital stays and by the types of documentation. In acute care units, we found significant variability
in documentation frequency by documentation type and hospital days. Additionally, there was a significant
interaction effect between documentation type and hospital days, indicating that the effects of documentation type
on documentation frequency may change depending on the number of hospital days. For example, some
documentation types may be more critical in the early days of hospitalization, while others may become more
important later on. This finding highlights the importance of considering the duration of hospitalization when
designing documentation protocols and analyzing nurse documentation patterns. In the ICUs, we also found
significant variability in documentation frequency by documentation type and hospital days. In contrast to the acute
care units, there was no significant interaction between documentation type and hospital days in the ICUs,
suggesting that the variations of how each documentation types were entered did not significantly vary on different
hospital stay days meaning that documentation patterns were more consistent across patients' hospital stays. While
nursing orders often group vital signs together, our findings suggest that nurses selectively document some vital
signs more frequently than others.

The third aim of this study was to investigate how nursing documentation patterns across patients’ hospital stays
differ by patients’ comorbidities as measured by CCI. In acute care units, there were significant differences in
nursing documentation patterns across hospital stays in acute care units by patients” CCI categories. The results
show that patients with lower comorbidities (CCI category 0) had the greatest variability in the frequency of
documentation between hospital days for all types of documentation. However, as comorbidity scores increased, the
variability decreased. Specifically, for CCl category 0, 1-2, and 3-4, all documentation types except for temperature
and note showed significant differences in mean counts per patient by hospital days. For CCI category 5 or higher,
none of the differences in means by documentation types were significant. These findings suggest that patients with
higher comorbidity scores may require more consistent monitoring across hospital days. In addition, there was a
smaller level of variability in the frequency of temperature and note documentation across all CCI categories,
suggesting that these types of documentation may not require the same frequency of monitoring as other vital signs
and may be more appropriate for intermittent or periodic documentation. Moreover, this result may suggest that
temperature and notes documentation may follow similar patterns of nursing surveillance regardless of patient state
while the surveillance patterns for other types of vital signs may depend on patient state. Interestingly, in the ICU
setting, CCI categories alone did not significantly impact nursing documentation patterns. However, there was a
significant interaction between hospital days and CCI categories. It is interesting that the mean counts of
documentation did not have statistically significant differences between patients” CCI categories in the ICUs, but
there were significant differences by CCI categories in acute care units. This finding may reflect greater variability
in patient acuity and conditions in acute care units and that nurses change their documentation practice in response.
In contrast, the hourly documentation standard in the ICUs may be already at a high level of nursing surveillance
that there is not as much opportunity for variability in documentation frequency. The significant interaction between
hospital days and CCI category in both acute care units and 1CUs suggests that the relationship between hospital
days and mean counts of nursing documentation varies depending on the patients” comorbidities. This finding
highlights the importance of considering patients’ comorbidities, or patient conditions in general, when designing
nursing documentation protocols and analyzing nursing documentation patterns. It also suggests that nurses tailor
their documentation practices to meet the needs and complexity of their patients’ conditions. Overall, our findings
indicate that nursing documentation practices are adaptive and responsive to patients’ needs and conditions, and that
understanding the relationship between comorbidities and nursing documentation patterns can inform efforts to
redesign and optimize our EHR to reduce documentation burden.

Although this study provides important insights into nursing documentation patterns in acute care and ICU settings,
several limitations should be noted. First, this study analyzed data from our CONCERN study units, which may
limit the generalizability of the findings to other units and hospitals. Additionally, the study did not consider factors
like workload, nursing experience, and EHR usability, all of which could significantly influence nurses’
documentation patterns. Future studies should consider accounting for these factors. It is also important to note that
we did not conduct post-hoc analysis to further examine specific differences between groups, as this was not the
primary focus of our study. Moreover, our analysis included patients with daytime discharges and transfers, which
may have lowered average documentation frequency.
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In conclusion, our results suggest that nursing documentation patterns vary significantly across hospital stays, by
documentation type, and by patients' comorbidities. These variations may reflect the changing needs and conditions
of patients as well as the decision-making processes of nurses. Our findings suggest that nurses adapt their
documentation practices based on patients' conditions and comorbidities, highlighting the importance of
individualized care and tailored documentation practices. These patterns of documentation can also be leveraged to
inform the development of more precise and effective models for patient risk prediction as our team has done’.
Finally, based on these findings and our prior work, as EHRs are being redesigned and re-visioned to decrease
documentation burden, we see an opportunity to capture and use nursing surveillance decision-making data to
evaluate quality and safety rather than relying on “one size fits all” documentation requirements for patients in the
hospital setting.
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