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ABSTRACT

Introduction: Identification of hospitalized patients with suddenly unfavorable clinical course remains challeng-

ing. Models using objective data elements from the electronic health record may miss important sources of in-

formation available to nurses.

Methods: We recorded nurses’ perception of patient potential for deterioration in 2 medical and 2 surgical adult

hospital units using a 5-point score at the start of the shift (the Worry Factor [WF]), and any time a change or an

increase was noted by the nurse. Cases were evaluated by three reviewers. Intensive care unit (ICU) transfers

were also tracked.

Results: 31 159 patient-shifts were recorded for 3185 unique patients during 3551 hospitalizations, with 169 total

outcome events. Out of 492 potential deterioration events identified, 380 (77%) were confirmed by reviewers as

true deterioration events. Likelihood ratios for ICU transfer were 17.8 (15.2–20.9) in the 24 hours following a

WF>2, and 40.4 (27.1–60.1) following a WF>3. Accuracy rates were significantly higher in nurses with over a

year of experience (68% vs 79%, P¼0.04). The area under the receiver operator characteristic curve (AUROC)

was 0.92 for the prediction of ICU transfer within 24 hours.

Discussion: This is a higher accuracy than most published early warning scores.

Conclusion: Nurses’ pattern recognition and sense of worry can provide important information for the detection

of acute physiological deterioration and should be included in the electronic medical record.
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INTRODUCTION

Detecting when a patient is deteriorating is critical to hospital care.

For example, two of the most common causes of acute inpatient de-

terioration are sepsis and acute respiratory failure, which have an

in-hospital mortality of 20–30% and are involved in 34–52% of in-

hospital deaths.1 These conditions show increased mortality if inter-

ventions are delayed.2–4

To improve the detection of acute inpatient deterioration, one

solution is to use automated scores based on data from the electronic

health record (EHR). Several scores using a combination of vital

signs and other inputs, called early warning scores (EWS), have been

developed to improve the recognition of inpatient physiological de-

terioration. However, EWS do not do not demonstrate accurate pre-

dictive capabilities when applied strictly,5 and to date they have
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failed to provide strong evidence of their ability to improve out-

comes.6

EWS are being incorporated into the electronic medical record,6–

8 and are used to inform the decision to activate rapid response

teams (RRTs; a team of clinicians with specific expertise in respond-

ing to acutely deteriorating patients).9–11 Some of the most sophisti-

cated EWS incorporate certain nursing assessments when using a

data science approach, but they are generally limited to more objec-

tive assessments currently available in the EHR, such as neurologi-

cal, skin, or nutritional status.12,13 While these approaches benefit

from including a wider range of information not limited to vital

signs or laboratory results, they are still missing an important piece

of information that is currently not captured in the EHR: nursing as-

sessment of patient risk of deterioration.

Despite this information not being routinely captured in the

EHR, the most common criterion used to activate the RRT is the

“worried criterion,”14,15 which is based on nurses’ pattern recogni-

tion. However, the predictive accuracy of nurses’ judgement of risk,

whether based on analytical or intuitive pattern-recognition pro-

cesses,16 has not been evaluated.

Our study aimed to evaluate whether the accuracy of nursing

judgement, based on the “worried criterion” in detecting impending

physiological deterioration merits its inclusion in the electronic med-

ical record.

METHODS

Score development
As a way to collect nurses’ judgement, we first developed a score

that would capture it. Ten focus group sessions involving frontline

nursing staff were held in total. During the focus groups we devel-

oped the Worry Factor (WF) score, performed some preliminary

testing using patient scenarios, and obtained buy-in from participat-

ing nurses. Approximately 150 staff members from two medical

units and two surgical units participated. Despite initial consider-

ation of a 7-point Likert-type scale, the final 5-point score described

in Figure 1 was adopted based on the feedback received by frontline

staff. Staff found it clearer to distinguish three levels for deteriorat-

ing patients (WF ¼ 2, 3, or 4) and two for patients not in active dete-

rioration.

Collection of worry factor data
Nurses from two medical units (consisting of 50 total beds), and

two surgical units (consisting of 50 total beds) in our tertiary aca-

demic center were asked to fill out a form with their sense of worry

for each patient at the start of their shift, and to update it when it

changed. These updates were recorded in real time by the nurse tak-

ing care of the patient. Shifts are generally 8-hours long, with shifts

in the morning, evening, and night. This was recorded using the WF

Score form that included the patient’s study identification number,

the recording nurse’s years of experience, and the date and time. Ad-

ditionally, nurses collected whether they notified the provider to

come to the bedside during a suspected deterioration event, and

whether the provider came to the bedside to evaluate the patient.

Nurses may have decided to share their WF score when contacting

providers, but the WF score was not part of the medical record and

frontline providers had not been explicitly informed about the WF

score. The nurse’s years of experience was also included to test the

hypothesis that nurses with more experience would be more accu-

rate in their judgments of patient risk. The forms were dropped off

at the unit desk in a designated location after each shift by the

nurses. The charge nurse recorded the number of collected and

expected forms. Additionally, charge nurses were asked to indepen-

dently record their predictions for a subset of patients, to compare

with the bedside nurses’ assessment and calculate inter-rater metrics.

Charge nurses are experienced nurses that are in charge of oversee-

ing a nursing unit during a specific shift.

Collection of outcomes and validity data
Data pertaining to resuscitation and RRT calls was obtained from the

electronic medical records. Data pertaining to intensive care unit

(ICU) transfers was obtained indirectly through the electronic medical

records, based on the patient location information. Cases where the

WF was 3 or 4, or where the WF was 2 and the nurse requested the

provider come to the bedside were considered potential deterioration

events and reviewed manually. Each of these cases in which the unit

nurse had identified a potential deterioration was evaluated by a team

of three reviewers: (1) a physician belonging to the same specialty to

which the patient was hospitalized at the time of deterioration but

who had no contact with the patient, (2) an experienced nurse who

had no contact with the patient, and (3) either a physician, a nurse, or

a nurse practitioner familiar with the project who did not have contact

with the patient. Reviewers were told to mark an event as a true dete-

rioration if they thought the patient was deteriorating significantly at

the time, and if they thought the patient would have benefitted from a

bedside assessment by a physician. In each case, the third reviewer as-

sembled a case summary and timeline for Reviewers 1 and 2, but ev-

ery reviewer also had access to the electronic medical record. Reviews

were all performed retrospectively, with every reviewer blinded to the

WF score that the nurse had originally assigned. To avoid bias,

reviewers were told that control cases had been added. A potential de-

terioration case was considered a true deterioration if at least two of

the three reviewers considered it a true deterioration event. The

instances in which the decision was made by a majority vote (two out

of the three reviewers as opposed to a unanimous decision), were

recorded to track whether a specific reviewer role (e.g., the physician

reviewer) was more often the disagreeing vote.

Additionally, outcome events considered included RRT calls, ICU

transfers, and codes (call for resuscitation after cardiorespiratory ar-

rest). These outcomes were collected from the medical record.

Statistical methods
Differences between WF accuracy in nurses with less than 1 year of

experience versus more than 1 year of experience was calculated

Figure 1. Worry Factor Score criteria. The Worry Factor Score is a very sim-

ple, 5-level scale. Scores 0 or 1 (above the dotted line) indicate the scoring

nurse does not believe the patient is actively deteriorating. Scores of 2–4 (be-

low the dotted line) indicate increasing level of worry or certainty that a pa-

tient is deteriorating.
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using the chi-squared test. The area under the receiver operating char-

acteristic curve (AUROC) was calculated by treating the WF as an

alert: any instance when the WF was above a certain value was

treated as an index alert: if the patient had an outcome of interest in

the 24 hours after that index alert, it was considered a true positive. If

there was no outcome of interest after 24 hours, it was considered a

false positive. False negatives were instances in which an outcome oc-

curred that was not preceded by an index alert. True negatives were

24-hour intervals without an outcome or an index alert. Receiver op-

erating characteristic curves (ROC) curves and the area under them

(AUROC) for the relationship between WF and ICU transfer in the

next 24 hours were calculated two different ways: using the WF as a

5-level variable; and using the WF as an ordinal with three levels: 0 or

1, 2, and 3 or more. Inter-rater reliability was calculated as overall bi-

nary agreement between nurse and charge nurse.

Study data were collected and managed using REDCap elec-

tronic data capture tools hosted at our institution.17 Data presenta-

tion and figure construction were done in Microsoft Excel 2010,

version 14.0.7177.5000. R version 3.3.1 (Bug in Your Hair) was

used for statistical analyses.

RESULTS

A total of 31 159 patient-shifts were recorded for 3185 unique

patients during 3551 hospitalizations. According to the number of

expected forms recorded by charge nurses, 93% of expected forms

were collected. Patient demographics and length of stay are pre-

sented in Table 1. There were 1141 patient-shifts (3.6%) that had

one or more increases in the nurse’s WF score. Nurses recorded call-

ing the provider (usually a physician assistant, nurse practitioner, or

resident)—either to inform them of the patient’s status or to request

them to come assess the patient—a total of 1314 times (1 for every

23 patient-shifts), and recorded the provider coming to the patient’s

bedside due to patient deterioration 686 times (1 for every 45

patient-shifts). The number of potential deterioration events identi-

fied by nurses was 492 (1% of patient-shifts). Additionally, there

were 169 outcome events in total (86 RRT calls, 76 transfers to the

ICU, and 7 codes). This data is presented in Table 2.

Inter-rater reliability
A total of 611 patient-shifts were evaluated by two nurses (the nurse

taking care of the patient and a charge nurse). Overall raw agree-

ment was 0.70, and agreement between 0–1 (not currently deterio-

rating) and 2–4 (currently deteriorating) was 0.93.

Worry factor accuracy
Of the 492 potential deterioration events identified by nurses, 380

(77%) were confirmed by reviewers. Reviewer confirmation rates

(accuracy of the WF) by nurses’ years of experience are presented in

Figure 2. Nurses with less than 1 year of experience had a signifi-

cantly lower accuracy rate compared to nurses with more than 1

year of experience (68% vs 79%, P¼0.04). Baseline risk of deterio-

ration requiring ICU transfer was 0.15% per patient-day; that risk

was increased 17-fold (to 2.6% per patient-day) for patients with a

WF of 3 or 4, and 38-fold (to 5.8% per patient-day) for patients

with a WF of 4. Likelihood ratios for ICU transfer in the following

24 hours were 17.8 (15.2–20.9) for a WF of 3 or 4, and 40.4 (27.1–

60.1) for WF of 4. AUROC for transfer to the ICU in the next 24

hours was 0.964 using WF as a 5-level variable, and 0.920 using WF

as a three-level ordinal variable.

Response after increased worry factor during shift
Figure 3 shows the actions taken by nurse and provider (after a

nurse call) in response to an increase in WF during the shift for WFs

of 2, 3, and 4. When the WF was 2, nurses called the provider in

93% of cases, and providers assessed the patient at the bedside in

29% of cases; these proportions increased to 97% and 38%, respec-

tively, for a WF of 3; and to 98% and 43%, respectively, for a WF

of 4. The probability of an RRT call taking place in the following 24

hours was 16% after a WF of 2 or above, 37% following a WF of 3

or above, and 63% following a WF of 4.

Evaluation of the review process
In the deterioration events confirmed by reviewers, we tested the

number of times each of the reviewers disagreed to look for role-

specific biases (e.g., nurse reviewers finding more potential deterio-

ration events). We found that, of the 380 confirmed deterioration

events, the decision was reached with physician reviewer disagree-

ment in 33 cases (6.7%), with nurse disagreement in 32 cases

(6.5%), and with third reviewer disagreement in 52 cases (10.5%).

DISCUSSION

Our study is, to our knowledge, the first to measure the accuracy of

nurses’ judgement (which in theory includes both pattern recogni-

tion skills and analytical assessment) to detect or predict acute inpa-

tient deterioration with the use of a single score. This was most

notably described in Benner’s “Novice to Expert” framework more

than 30 years ago.18 We found that nurses’ judgement captured

through this simple score is predictive of inpatient deterioration:

77% of the potential deterioration events identified by nurses were

confirmed by an independent set of reviewers, and a patient with a

WF of 3 or more is 40 times more likely to require ICU transfer in

the next 24 hours (likelihood ratio¼40.4). This suggests that the

nursing staff’s sense of worry, whether through analytical skills or

through pattern recognition, is very accurate in identifying

Table 1. Patient demographics and hospitalizations

All No events Events

Patients

N 3185 2972 213

Female. N (%) 1600 (50.24%) 1490 (50.13%) 110 (51.64%)

Age. Average (Quartiles) 57.35 (45, 59, 71) 57.21 (44, 59, 71) 59.28 (47, 61, 73)

Hospitalizations

N 3551 3335 216

Length of stay in days. Average (Quartiles) 5.38 (2, 3, 6) 5.05 (2, 3, 6) 10.41 (5, 8, 13.5)

Outcome events included rapid response team calls (RRT calls), ICU transfers, and codes (call for resuscitation after cardiorespiratory arrest).
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deteriorating patients and should be more consistently valued and

utilized, considering incorporation into the medical record.

Our current study design doesn’t allow to distinguish whether

the accuracy of nursing judgement comes primarily from analytical

skills (a conscious and explicit knowledge) or from intuition (an un-

conscious process relying on pattern recognition). Using Kahne-

man’s terminology,19 we can’t really estimate how much of the

WF’s accuracy is from a system 2 (a slow, rational, and effortful

analysis based on explicit knowledge), and how much from a system

1 process (a fast, intuitive, and effortless pattern recognition), re-

spectively. The fact that the WF’s AUROC is higher than most pub-

lished EWS5,20–22 suggests that at least some of its accuracy

comes from a pattern recognition process, and not just vital sign in-

formation.

In any case, it would not be surprising that nurses develop pat-

tern recognition, since they meet the key characteristics that have

been described across multiple fields for the development of pattern

recognition16: repeated and focused observation of the different pat-

terns to be recognized, as well as rapid and consistent feedback.

Nurses generally have more constant and prolonged contact with

patients during their hospitalization as compared to physicians, put-

ting them in a particularly advantaged position to recognize patterns

that can be a telltale sign of impending physiological deterioration.

Nurses frequently use pattern recognition rather than routine vital

sign measurement to recognize deterioration in patients, and they of-

ten report being able to anticipate a patient’s decline before any ob-

jective evidence of deterioration is present.23 Based on analytical or

pattern recognition processes, our study demonstrates that the WF

in its current form is accurate in detecting patient deterioration.

Furthermore, it has recently been shown that educational inter-

ventions on nurses may effectively strengthen the afferent limb of a

rapid response system,24 highlighting the importance of the judg-

ment call by nurses. A retrospective study found that nurse or doctor

concern was a significantly more frequent finding in a group of

patients before cardiac arrest group than in the control group.25 A

prospective study found that requiring nurses to assess different

Table 2. Distribution of nursing experience, worry factor scores

and outcomes

Nurse’s years of experience Number of observations

<1 year 2165

1–5 years 16 020

>5 years 12 118

Missing 856

Total 31 159

Worry Factor at the beginning

of nursing shift

Number of observations

WF ¼ 0 23 252

WF ¼ 1 6639

WF ¼ 2 613

WF ¼ 3 70

WF ¼ 4 12

Not reported 573

Total number of patient-shifts 31 159

Increased worry factor during

the nursing shift

Number of observations

WF ¼ 2 1025

WF ¼ 3 313

WF ¼ 4 92

Total 1430

Distribution of outcomes Number of observations

Codes 7

ICU transfers 76

RRT calls 86

Deteriorations confirmed by

review of those,

380

Deteriorations identified with

physician disagreeing

33 (6.7%)

Deteriorations identified with

nurse disagreeing

32 (6.5%)

Deteriorations identified with

third reviewer disagreeing

52 (10.5%)

Figure 2. Worry Factor (WF) accuracy by nurse experience. Percentage of po-

tential deteriorations confirmed by reviewers. The graph shows the total per-

centage of instances that were considered real deterioration by the

reviewers, by years of experience of the nurse filling out the worry factor. The

difference is statistically significant between less than 1 year of experience,

and 1 or more.

Figure 3. Provider and nurse actions by worry factor (WF) score and number

of instances the WF increased during a shift. Number of potential deteriora-

tions and nursing and provider response to increasing worry factor. The

graph shows the total number of instances of increased WF by the WF score

reached. The line indicates the total number of potential deterioration events

(instances of increased worry factor by the nurse). The number of potential

deterioration events is smaller for the higher WF scores (more severe deterio-

ration events are rarer). The bars illustrate the proportion of actions taken by

the nurse: “no action” means the nurses did not call the provider, “Provider

was called” means the provider was notified by the nurse but did not evalu-

ate the patient at the bedside, “Provider was called and came to bedside”

means that the provider was notified and performed a bedside evaluation.
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changes in a patient’s status, such as changes in their mentation or

behavior could contribute to better prediction of unplanned ICU ad-

mission or mortality.26

Other studies have looked at nurses’ judgement or pattern recog-

nition, referred to in the literature as intuition. Systematic reviews

looking at retrospective studies have concluded that intuition plays a

significant part in nurses’ detection of deterioration, with vital signs

then being used to validate these intuitive feelings,27 and that

“knowing the patient” is one of four key components in timely rec-

ognition of patient deterioration.27,28 The only prospective study on

this topic to date used the Dutch-early-nurse-worry-indicator-score

(DENWIS),26,29 but it did not include patients from medical wards,

and included criteria other than nursing pattern recognition alone.

The study concluded that DENWIS improved calling criteria based

on vital signs.26 Of the aforementioned studies, ours is the only

study that quantifies deteriorations that are resolved on the ward

(including medical wards) without an ICU transfer, and focuses on

general nursing judgement including analytical skills as well as sub-

jective worry or pattern recognition.

The WF score can provide a common language to clearly and

succinctly communicate priority and perceived urgency. It is, in that

regard, similar to frameworks like the I-PASS handoff bundle,30

which classifies patients as either stable, unstable, or watcher. The

WF score provides one additional level of detail by using three

levels for the “unstable” category (WF scores of 2, 3, or 4), and we

have demonstrated its accuracy when used by nursing staff. The

scale used is numerical and easy to pull into EWS calculations. Addi-

tionally, we encountered anecdotal evidence that implementation

of the WF can increase nurse satisfaction by improving communica-

tion.

We also looked into whether nursing years of experience im-

proved the accuracy of the WF. Nurses with less than 1 year of expe-

rience seem to be less accurate than nurses with more than 1 year of

experience (68% vs 79%, P¼0.04) Additionally, we anticipated

that nurses reviewing potential deterioration cases would tend to

sympathize with the worried nurse requesting help from a provider

and, consequently be more likely to classify cases as true deteriora-

tions. Conversely, we expected physician reviewers to tend to clas-

sify cases less often as true deteriorations requiring bedside

assessment, having personally experienced instances when they were

called with urgency to the bedside to find that they were not truly re-

quired. We found no evidence of this role-dependent bias, with no

significant difference in the number of cases in which physicians and

nurses disagreed (6.7% and 6.5%, respectively).

This study is not without limitations. Our retrospective review

may have missed some deterioration events that were missed by the

nurse and did not eventually result in an RRT call, an ICU transfer

or a code. On the other hand, our accuracy numbers are likely a con-

servative estimate given that reviewers were told that some control

cases (non-deterioration cases) were included in the review. Data

collection was conducted in a single tertiary referral center that hires

carefully selected and highly trained registered nurses. The accuracy

of these WF scores could change if conducted in a different center,

where nurses might have different skillsets. Before the WF can be

implemented in the hospital, some key design questions would need

to be answered, for example where in the medical record it would be

displayed. Another question is whether to include a specific policy

expecting a bedside assessment at a certain WF level, or to leave it to

the care team’s discretion as was done in our study. Using the WF as

an element in an EWS would also require additional analysis to de-

termine the weight of the WF in relationship with other elements of

the EWS. It would also be of interest to study whether a nurse edu-

cation program is able to improve accuracy of the WF score.

Our results highlight the importance of the information acquired

directly at the patient’s bedside and of the nursing assessment, so we

would suggest an implementation strategy that used the WF in com-

bination with an EWS, and included in some capacity a requirement

for the care team to meet at the patient’s bedside for a team evalua-

tion and discussion of the patient’s condition.

CONCLUSIONS

The results of our study show that a simple WF score, based on

nurses’ pattern recognition is able to accurately predict patient dete-

rioration in a hospital setting. This simple score could be used alone

or easily incorporated into existing EWS to potentially improve their

performance. However, our results also raise the need for further re-

search, including design questions before the score can be imple-

mented in practice to determine whether patient outcomes can be

improved through its application.
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