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Abstract

Introduction

Postoperative cardiac events are frequent complications of surgery, and their occurrence
could be associated with suboptimal nurse staffing practices, but the existing evidence
remains scattered. We systematically reviewed studies linking nurse staffing practices to
postoperative cardiac events and two related outcomes, all-cause mortality and failure-to-
rescue.

Methods

A systematic search of the English/French literature was undertaken in the CINAHL, Psy-
chinfo, and Medline databases. Studies were included if they: a) were published between
1996 and 2018; b) used a quantitative design; c) examined the association between at least
one of seven staffing practices of interest (i.e., staffing levels, skill mix, work environment
characteristics, levels of education and experience of the registered nurses, and overtime or
temporary staff use) and postoperative cardiac events, mortality or failure-to-rescue; and d)
were conducted among surgical patients. Data extraction, analysis, and synthesis, along
with study methodological quality appraisal, were performed by two authors. High methodo-
logical heterogeneity precluded a formal meta-analysis.

Results

Among 3,375 retrieved articles, 44 studies were included (39 cross-sectional, 3 longitudinal,
1 case-control, 1 interrupted time series). Existing evidence shows that higher nurse staffing
levels, a higher proportion of registered nurses with an education at the baccalaureate
degree level, and more supportive work environments are related to lower rates of both 30-
day mortality and failure-to-rescue. Other staffing practices were less often studied and
showed inconsistent associations with mortality or failure-to-rescue. Similarly, few studies
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(n =10) examined the associations between nurse staffing practices and postoperative car-
diac events and showed inconsistent results.

Conclusion

Higher nurse staffing levels, higher registered nurse education (baccalaureate degree level)
and more supportive work environments were cross-sectionally associated with lower 30-
day mortality and failure-to-rescue rates among surgical patients, but longitudinal studies
are required to corroborate these associations. The existing evidence regarding postopera-
tive cardiac events is limited, which warrants further investigation.

Introduction

The World Health Organization estimates that between 266.2 and 359.5 million surgeries were
performed in 2012 among its member states, an increase of 38% since 2005 [1]. During their
recovery, a large portion of surgical patients are vulnerable to postoperative cardiac events
(PCEs), which include myocardial infarction, dysrhythmias, and congestive heart failure [2].
Indeed, PCE:s are estimated to develop within 30 days of a surgical procedure in more than 10
million adults worldwide each year, with incidence rates ranging between 1.0% and 7.0%
depending on the surgical populations studied [2-4]. PCEs are currently the third leading
cause of perioperative death in the United States [5] and are associated with serious morbidity
[2,6-10]. Moreover, PCEs can increase the cost of hospitalization by up to 65% [11]. Given
these figures, reducing the incidence of PCEs has been identified as a high priority worldwide
[2,5].

To this end, researchers have identified several modifiable and nonmodifiable risk factors
of PCE occurrence, including patient age and comorbidities, the type of surgical procedure
performed, lifestyle habits, severity of illness, and the type of hospital admission (i.e., elective
or urgent) [5,12]. Moreover, numerous interventions specifically targeting these risk factors
have been proposed, such as the use of pharmacoprophylaxis (e.g., aspirin, beta blockers), sys-
tematic risk factor screening (e.g., Revised Cardiac Risk Index score), and the promotion of
healthy lifestyles prior to a surgical procedure (e.g., smoking cessation, physical activity) [13].
However, none of these interventions, alone or in combination, has been fully effective at
reducing PCE rates, and new risk factors and interventions must now be considered.

Among these, a growing number of studies have reported that several nurse staffing prac-
tices in hospitals (e.g., adequate staffing levels, a richer registered nurse (RN) skill mix, a higher
proportion of RNs educated at the baccalaureate degree level, a greater work experience, more
supportive work environments, and lower overtime and temporary staff use) are associated
with lower rates of mortality and adverse events [14-16]. To explain these associations, it has
been proposed that these staffing practices have the potential to enhance or weaken nurse sur-
veillance, an important function of RNs in hospitals [17,18].

Specifically, nurse surveillance is the ongoing process through which RNs monitor patients
for early signs of deterioration or complications in care and subsequently implement interven-
tions that are required to minimize their impact on patient health and outcomes [17,19-23].
Adequate staffing levels and a richer RN skill mix are expected to increase the effectiveness of
nurse surveillance by augmenting each RN’s time for direct patient care and the rapidity with
which they can detect any change in a patient’s condition [17,19]. Supportive work environ-
ments provide RNs with greater decision-making autonomy and flexibility, which increase the
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timeliness of interventions once a potential problem in care has been identified [17]. Con-
versely, higher usage of overtime has been associated with increased fatigue and reduced vigi-
lance, which may lessen the effectiveness of RN surveillance [24]. Similarly, knowledge of and
familiarity with a given nursing unit’s policies and procedures is essential for effective RN sur-
veillance, which may be reduced when greater proportions of temporary staff are used [25,26].
Last, a higher proportion of RNs educated at the baccalaureate degree level and a greater work
experience are assumed to improve nurse surveillance by providing RNs with more knowl-
edge, better patient surveillance skills, and a broader repertoire of interventions [17].

While there is growing international evidence suggesting that these nurse staffing practices
are linked to improved outcomes among various populations of hospitalized patients, the evi-
dence regarding PCEs (or their ultimate outcomes, death and failure-to-rescue, i.e., death fol-
lowing potentially preventable hospital-acquired complications [27]) in surgical patients
remains scattered [14-16], which preclude evidence-based staffing decisions in this setting.
Therefore, we aim to contribute to this field by 1) systematically reviewing the evidence on the
associations between seven common nurse staffing practices (i.e., nurse staffing levels, RN skill
mix, work environment characteristics, RN levels of education and experience, and the usage
of overtime hours or temporary staff) and the occurrence of PCEs, all-cause mortality, and fail-
ure-to-rescue in surgical settings and 2) identifying avenues for further research.

Materials and methods
Design

A systematic review of the literature was performed according to the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines (S1 Table) [28]. No
published protocol is available for this study.

Search strategy and inclusion criteria

Two research team members (JBL and LAA), with the assistance of an experienced medical
librarian, independently searched the literature using the Population, Intervention-Compara-
tor, Outcome, and Time (PICOT) framework [29] to identify studies that examined the associ-
ations between nurse staffing practices and the occurrence of PCEs, all-cause mortality or
failure-to-rescue among surgical patients. Our population of interest included patients who
received any type of surgical procedures during a hospitalization. The interventions and com-
parators included seven staffing practices: 1) nurse staffing level; 2) skill mix; 3) RN education;
4) RN experience; 5) work environment characteristics; 6) overtime use; and 7) temporary/
agency staff use. Postsurgical outcomes included the following: 1) PCEs, defined as any new
onset of myocardial ischemia, dysrhythmias, congestive heart failure, or fluid overload [2]; 2)
all-cause mortality; and 3) failure-to-rescue, defined as death following potentially preventable
hospital-acquired complications [30,31]. To search the literature, the keywords listed in

Table 1 were used. Because keywords related to specific PCEs were too restrictive, we broad-
ened the search by using more general terms (e.g., postsurgical adverse events, nursing-sensi-
tive outcomes) (Table 1). Using these keywords, the first two authors (JBL, LAA)
independently searched three electronic databases: CINAHL, PsychInfo, and Medline. Each
article retrieved was then independently screened by first reading the title and the abstract
and, if necessary, the full text to determine whether a given study met the inclusion criteria.
Any disagreements were discussed between the two authors who performed the search and, if
necessary, the input of a senior researcher (CMR) was added to resolve any remaining discrep-
ancies. Finally, the reference lists of the included studies were searched to identify any addi-
tional relevant studies. We also searched the selected electronic databases to identify any prior
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Table 1. Keywords used for the electronic searches.

Population Interventions / Comparators Outcomes Time
Postoperativ*' OR surg* OR | “Nurs* staff> OR “skill mix” OR education mix OR “RN “Death” OR “in-hospital death” OR “mortality” OR “30-day (since
“surg” patient*” OR education” OR “registered nurse education” OR overtime mortality” OR “nurs* sensitive outcomes” OR “nurs* sensitive | 1996)
operative® AND “acute care | OR turnover AND nurs* OR staff* OR RN OR “registered adverse events” OR “adverse* health care event*” OR

hospital*” nurse” “postoperative* complication*” OR outcome* OR adverse* OR

“failure to rescue” OR mortal*

"The star refers to a truncation, or word stemming, and is a technique that is used to broaden a literature search to include various word endings and spellings.

https://doi.org/10.1371/journal.pone.0223979.t001

or subsequent studies published by the authors of the retrieved articles that could also meet
our inclusion criteria.

To be included, studies had to 1) examine the association between at least one nurse staffing
practice of interest and at least one of the selected patient outcomes; 2) pertain to a surgical
patient population or, when a mixed medical-surgical population was studied, report separate
results for surgical and medical patients; 3) be based on a quantitative research design (e.g.,
cross-sectional, case-control, cohort study); 4) report on objectively measured patient out-
comes; 5) use independent data sources to measure the independent and dependent variables;
6) be written in English or French; 7) have been published between January 1, 1996 (the year
when the National Academy of Medicine published its landmark report on the adequacy of
nurse staffing in hospitals) [32] and August 30, 2018. Studies not meeting these inclusion crite-
ria were excluded.

Data extraction

Using a standardized data collection tool, the following information was systematically
extracted from the retrieved studies by the first author: 1) title, 2) authors, 3) publication and
data collection years, 4) study location, 5) study design, 6) surgery type and sample size, 7)
independent and dependent variables measured, 8) confounders accounted for in the analyses,
9) data sources, 10) unit of analysis (patient, unit, or hospital), and 11) main study findings.
Two other authors (LAA, CMR) validated the extraction to ensure accuracy, and disagree-
ments were resolved through discussions. When data could not be retrieved from the selected
articles, their authors were contacted. We contacted five authors and, while all five responded,
only four could provide the missing information. The main reason for missing data was that
the requested information (e.g., number of patients sampled) was unknown.

Data analysis

We first present descriptive statistics on the included articles. Then, we provide a qualitative
synthesis of their findings. We used p < 0.05 as the threshold of statistical significance. Given
the methodological heterogeneity of the retrieved studies and since many studies were sub-
components of broader projects also included in this review, no meta-analysis was attempted.

Study quality appraisal

Four specific design checklists from the Joanna Briggs Institute were used to assess the meth-
odological quality of the retrieved studies. The checklists are: 1) Analytical Cross-Sectional
Studies; 2) Cohort Studies; 3) Case-Control Studies; and 4) Quasi-Experimental Studies [33-
36]. These checklists each consist of a series of eight design-specific questions related to the
clarity with which settings, sampling strategies, and measurement of the independent, depen-
dent, and cofounding variables are described as well as to the appropriateness of the statistical
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analyses performed. Study quality appraisal was performed independently by two authors
(JBL, LAA), and disagreements were resolved through discussions.

Results
Study characteristics

Among the 3,375 potential studies retrieved, 44 articles were included in this systematic review
of the literature (Fig 1. PRISMA Flow Diagram.). The primary reasons for excluding studies
were because they did not pertain to the selected staffing practices or patient outcomes, or they
combined medical and surgical patients in their analyses, even if different outcomes and effect
sizes were to be expected (Fig 1) [37].

The characteristics of the included studies are described in S2 Table. These studies were
conducted in North America (n = 28, 63.6%), Europe (n = 11, 25.0%), Oceania (n = 3, 6.8%),
and Asia (n = 2, 4.5%). They were published between 2001 and 2018 and were based on data
initially collected between 1989 and 2009. The median time from data collection to publication
was 8 years (range 3 to 16 years). Half (n = 22, 50.0%) of the studies relied on survey data (e.g.,
nurse, manager or physician surveys) for measuring nurse staffing practices and on adminis-
trative data for capturing patient outcomes, whereas the other half measured staffing and out-
comes from administrative data only (S2 Table). Most studies (n = 39, 95.1%) relied on cross-
sectional designs and used the hospital as their unit of analysis (n = 37, 90.2%). As such, most
were multisite investigations involving a median number of 166 hospitals (range: 1-3,485 hos-
pitals). The typical study was based on a median number of 232,432 patients (range: 200-
66,100,672 patients). These patients were sampled from different surgical specialties: 1) cardiac
(n =7 studies; 15.9%), 2) vascular (n = 3, 6.8%), 3) oncology (n = 2, 4.5%), or 4) abdominal sur-
gery (n = 2, 4.5%). However, it was more common for several surgical specialties to be com-
bined (n = 29, 65.9%). The most prevalent combinations were 1) general, orthopedic, and
vascular surgeries (n = 18, 40.9%) and 2) any type of surgeries (n = 11, 25.0%) (52 Table).

The most frequently studied staffing practices evaluated were nurse staffing levels (n = 42,
95.5%), RN education (n = 18, 40.9%), work environment characteristics (n = 13, 29.5%), skill
mix (n =8, 18.2%), and RN experience (n = 3 6.8%) (S2 Table). The use of overtime hours was
the focus of only one study, and no study pertaining to the use of temporary staff could be
retrieved. In addition, 15 studies (35.1%) simultaneously examined the associations of two or
more staffing practices on the selected outcomes. The most common combinations were 1)
RN staffing levels, RN education, and work environment characteristics (n = 10, 22.7%), 2) RN
staffing levels and skill mix (n =7, 15.9%), and 3) RN staffing levels and RN education (n = 4,
9.1%) (S2 Table). These staffing practices were operationalized in many ways across studies.
The sole exception was work environment characteristics, which were consistently assessed
using the Practice Environment Scale of the Nursing Work Index or its subscales. (S2 Table)
[38].

Great heterogeneity was also observed with regard to outcome measurement (S2 Table).
For instance, failure-to-rescue could be operationalized according to different definitions
[30,31], and the occurrence of both failure-to-rescue and mortality were ascertained over dif-
ferent time windows (e.g., in-hospital, 30-day or 90-day mortality). Conversely, PCEs were
always measured at the time of hospital discharge but from different data sources (e.g., dis-
charge diagnostic codes, chart review). Moreover, they were most often operationalized as a
composite of several PCEs, with the most common combinations being 1) cardiac arrest and
shock (n =5, 50.0%) and 2) miscellaneous combinations of cardiac complications (n = 4,
40.0%) (S2 Table). Last, many potential hospital-level confounders (e.g., size, teaching status,
technology, location, case mix) and patient-level confounders (e.g., age, sex, comorbidities,
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type of surgery performed) were adjusted for in the statistical analyses but again, with great
heterogeneity across studies (S2 Table).

Methodological quality assessment

The 44 articles retrieved were of good overall methodological quality given their designs (S3
Table). Specifically, 27 (69.2%) cross-sectional studies satisfied all 8 methodological criteria
[20,21,26,30,37,39-60], whereas another 7 (17.9%) studies met 7 of the criteria [24,54-59]. We
only found 5 (12.8%) cross-sectional studies that failed to meet two or more quality criteria;
the most common methodological issues were an unclear description of the study sample (e.g.,
number of patients included, type of surgery performed) and an incomplete description of the
staffing measures employed [22,23,60-62]. A similar pattern of high methodological quality
was observed for the few studies that relied on other designs (S3 Table).

Literature synthesis

Associations between nurse staffing practices and PCEs. We found 10 studies that
examined the association between nurse staffing practices and PCEs, either measured alone or
in various combinations (Table 2). Most of these studies reported nonsignificant or mixed
associations (Table 2). Of note, two studies intended to measure the association between nurse
staffing levels and a specific PCE (i.e., fluid overload) [23,62]. However, in both cases, the out-
come occurrence was too low, which precluded any statistical analyses (Table 2).

Association between nurse staffing practices and mortality. The results of the retrieved
studies are summarized by 1) outcome (all-cause mortality vs. failure-to-rescue) and 2) the
time-window for outcome assessment (in-hospital vs. 30 days after discharge).

In-hospital all-cause mortality

We found 17 studies that investigated the association between nurse staffing practices and in-
hospital mortality (Table 3). Among these, 16 (94.1%) focused on RN staffing, of which 8
(50.0%) reported nonsignificant associations, 3 (18.8%) reported significant findings, and 5
(31.3%) reported mixed associations (Table 3). Skill mix and RN education were unrelated to
in-hospital mortality, whereas more supportive environments were associated with lower in-
hospital mortality in only one study (Table 3). Last, one study reported that higher overtime
use was significantly associated with lower mortality (Table 3).

30-day (or 90-day) mortality

We found 20 studies that examined the associations between nurse staffing practices and
30-day (n = 20) or 90-day (n = 1) mortality (Table 4). The results of these studies contrast
sharply with those using in-hospital mortality as the outcome. For instance, among the 16
studies pertaining to RN staffing, 11 (68.8%) reported significant associations, 3 (18.8%)
reported mixed findings, and only 2 (12.5%) reported nonsignificant associations (Table 4).
Similar patterns also prevailed for studies relating work environment characteristics (87.5%
reported significant findings) or RN education (75% reported significant findings) to 30-day
mortality (Table 4). Last, both skill mix and RN experience were inconsistently associated with
30-day mortality (Table 4).

In-hospital failure-to-rescue

We found 8 studies exploring the associations between nurse staffing practices and in-hospital
failure-to-rescue, of which 6 (75.0%) reported significant findings and only 2 (25.0%) reported
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Table 2. Nurse staffing practices in association with Postoperative Cardiac Events (PCEs).

Nurse staffing Summary of study findings

practices Significant' Nonsignificant® Mixed?

Cardiac arrest and shock

Staffing (n = 5) Berney and Needleman [24], McCloskey and Diers [63], Needleman et al. [31], Twigg et al. [64], Van
den Heede et al. [48]
Skill mix (n = 3) Berney and Needleman [24], McCloskey and Diers [63], Needleman et al. [31]
Overtime use Berney and Needleman [24]
(n=1)
Education (n=1) Van den Heede et al. [48]
Shock or myocardial infarction
Staffing (n=1) Schreuders et al.
(191
Skill mix (n=1) Schreuders et al.
(191
Miscellaneous combinations of PCEs/Individual PCEs
Staffing (n = 3)° Mark et al. Dimick et al. [65]” Dang et al. [55]

[62]°

'Statistically significant association (p < 0.05) in the expected/hypothesized direction (e.g., higher staffing levels or richer RN skill mix were associated with lower PCE
rates).

*Nonstatistically significant association (p > 0.05).

*Mixed associations refer to both statistically significant (p < 0.05) and nonstatistically significant (p > 0.05) associations reported for the same independent variable.
*One statistically significant but inverted association suggested that increasing staffing levels and skill mix were associated with higher odds of PCEs. Other associations
with staffing and skill mix were nonsignificant.

*Mark et al. [23] is not shown in the table. Fluid overload occurrences were too low, which precluded any statistical analyses.

®Fluid overload occurrences were too low, which precluded any statistical analyses. Only the association between miscellaneous combinations of PCE and nurse staffing
levels were analyzed.

"These authors investigated the associations between RN staffing levels and cardiac arrest and myocardial infarction in separate analyses.

https://doi.org/10.1371/journal.pone.0223979.t002

nonsignificant associations (Table 5). In addition, one study reported that higher overtime use
was not significantly associated with in-hospital failure-to-rescue rates (Table 5). Last, among
studies pertaining to RN skill mix (n = 3) or RN education (n = 1), none reported significant
associations with in-hospital failure-to-rescue (Table 5).

30-day failure-to-rescue

We found 16 studies exploring the associations between nurse staffing practices and 30-day
failure-to-rescue (Table 6). The results of these studies are similar to those observed for 30-day
mortality. For instance, among the 13 studies pertaining to RN staffing, 9 (69.2%) reported sig-
nificant findings, 2 (15.4%) reported mixed associations, and only 2 (15.4%) reported nonsig-
nificant relations (Table 6). More supportive work environments (5 studies, 83.3%) and a
higher proportion of RNs educated at the baccalaureate degree level (6 studies, 75.0%) were
also consistently associated with lower 30-day failure-to-rescue rates (Table 6). Last, only one
study reported that a lower RN skill mix was associated with lower 30-day failure-to-rescue,
whereas two studies reported that the RNs’ levels of experience were not (Table 6).

Discussion

The occurrence of PCEs and death remains high in the postsurgical period despite the avail-
ability of preventive measures. This suggests that new risk factors must be identified and
addressed. The purpose of this systematic review was to summarize existing evidence
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Table 3. Nurse staffing practices in association with in-hospital mortality.

Nurse staffing Summary of study findings

practice Significant" Nonsignificant® Mixed®

Staffing (n = 16) | Berney and Needleman [24], Dimick et al. [65], Hickey et al. [66], Hickey et al. [56], Kiekkas et al. Diya et al. [401%, Diya et al. [68]% Li
Rafferty et al. [46], Yasunaga [67], McCloskey and Diers [63], Needleman et al. [31], Newhouse et al. | et al. [69], Twigg et al. [64]%, Van den
etal. [59] [26], Van den Heede et al. [48] Heede et al. [49]*

Skill mix (n =4) Berney and Needleman [24], Hickey et al. [66], McCloskey and Diers

[63], Needleman et al. [31]

Overtime use Berney and Needleman [24]°

(n=1)

Work Olds et al. [44]

environment

(n=1)

Education (n = 3) Newhouse et al. [26], Van den Heede et al. [48] Van den Heede et al. [49]

"Statistically significant association (p < 0.05) in the expected/hypothesized direction (e.g., higher staffing levels or richer RN skill mix were associated with lower
mortality rates).

2Nonstatistically significant association (p > 0.05).

*Mixed associations refer to both statistically significant (p < 0.05) and nonstatistically significant associations reported for the same independent variable.
*Nurse staffing was significantly associated with mortality on postoperative units, but not in intensive care units (ICUs). This mixed finding was attributed by the
authors to the low of variability of nurse staffing levels in ICUs.

>The association was significant when data were aggregated at the hospital level but nonsignificant at nursing unit level.

®Statistically significant association, but in the opposite/unexpected direction (i.e., higher overtime use was associated with lower mortality).

https://doi.org/10.1371/journal.pone.0223979.t003

regarding one potentially important and modifiable risk factor for PCEs and death: the nurse
staffing practices implemented in the postsurgical period.

We found that few studies examined the associations between these staffing practices and
PCEs, which suggests that further research is required. Moreover, the results of existing studies
were inconsistent. Such inconsistencies are most likely attributable to the important methodo-
logical heterogeneity that characterizes this body of research. For instance, we noted that both

Table 4. Nurse staffing practices in association with 30-day mortality.

Nurse staffing Summary of study findings

practice Significant' Nonsignificant® Mixed®

Staffing (n = 16) Aiken et al. [51, 52, 53, 70, 71], Ball et al. [39], Carthon et al. [54], Cho Elkassabany et al. [60], Halm | Ozdemir et al. [45]%, Schreuders et al.
etal. [20], Friese et al. [41], Kutney-Lee and Aiken [43], Neff et al. [57] etal. [72] [19]°, Wiltse Nicely et al. [50]

Skill mix (n = 3) Aiken et al. [73] Elkassabany et al. [60] Schreuders et al. [19]°

Work environment | Aiken et al. [52, 53], Cho et al. [20], Friese et al. [41], Neff et al. [57], Rao | Aiken et al. [73]

(n=38) etal. [47], Wiltse Nicely et al. [50]

Education (n =12) | Aiken et al. [52, 53, 70, 71], Ball et al. [39], Cho et al. [20], Friese et al. Lane-Fall et al. [74], Wiltse Neff et al. [57]
[41], Kendall-Gallagher et al. [42], Kutney-Lee and Aiken [43] Nicely et al. [50]

Experience (n = 3) Aiken et al. [70], Kendall- Lane-Fall et al. [74]

Gallagher et al. [42]

'Statistically significant association (p < 0.05) in the expected/hypothesized direction (e.g., higher staffing levels or richer RN skill mix were associated with lower
mortality rates).

*Nonstatistically significant association (p > 0.05).

*Mixed associations refer to both statistically significant (p < 0.05) and nonstatistically significant associations reported for the same independent variable.

*This study measured both 30-day and 90-day mortality, but only 30-day mortality was significantly associated with nurse staffing levels.

Two statistically significant but inverted associations suggest that increasing staffing levels and skill mix were associated with higher odds of mortality. Other

associations with staffing and skill mix were nonsignificant.

https://doi.org/10.1371/journal.pone.0223979.t004

PLOS ONE | https://doi.org/10.1371/journal.pone.0223979 October 17, 2019 9/18


https://doi.org/10.1371/journal.pone.0223979.t003
https://doi.org/10.1371/journal.pone.0223979.t004
https://doi.org/10.1371/journal.pone.0223979

@ PLOS | O N E Nurse staffing characteristics and postoperative cardiac events: A systematic review

Table 5. Nurse staffing practices in association with in-hospital failure-to-rescue.

Nurse staffing Summary of study findings

practice Significant' Nonsignificant? Mixed?

Staffing (n = 8) Berney and Needleman [24], Griffiths et al. [22], Harless and Mark [61], Needleman | Twigg et al. [64], Van den Heede et al. [48]
etal. [31], Rafferty et al. [46], Yasunaga et al. [59]

Skill mix (n = 3) Berney and Needleman [24], Harless and Mark
[61], Needleman et al. [31]

Overtime use Berney and Needleman [24]

(n=1)

Education (n=1) Van den Heede et al. [48]

IStatistically significant association (p < 0.05) in the expected/hypothesized direction (e.g., higher staffing levels or richer RN skill mix were associated with lower

failure-to-rescue rates).
2Nonstatistically significant association (p > 0.05).

*Mixed associations refer to both statistically significant (p < 0.05) and nonstatistically significant associations reported for the same independent variable.

https://doi.org/10.1371/journal.pone.0223979.t005

the independent (e.g., stafting levels, skill mix) and the dependent variables (PCEs, mortality
and failure-to-rescue) were operationalized in many ways across studies and measured from
several distinct data sources that varied in completeness and accuracy (e.g., surveys, adminis-
trative databases). Moreover, we observed that these studies also differed in sample size, in the
number of staffing practices measured and in the organizational characteristics (e.g., volume,
size, teaching status) accounted for in the analyses, all of which may contribute to explaining
the heterogeneous findings across the studies. Moreover, data aggregation at various levels of
analysis (i.e., patient, nursing unit, hospital) and reliance on risk adjustment strategies that dif-
fer in exhaustiveness and accuracy may have also influenced the likelihood of finding signifi-
cant and consistent associations. This high degree of methodological heterogeneity, which has
been previously observed in the broader field of nurse staffing and patient outcomes research
[14-16,75,76], highlights the importance of standardizing methodological approaches in
future studies. Greater standardization is also required for generating a robust body of evi-
dence that can support staffing decisions at the bedside.

Table 6. Nurse Staffing Practices in Association with 30-Day Failure-to-Rescue.

Nurse staffing Summary of study findings

practice Significant' Nonsignificant® Mixed®

Staffing (n = 13) Aiken et al. [51, 52, 53, 70], Carthon et al. [54], Ghaferi et al. [21], Kutney-Lee | Friese et al. [41], Halm et al. Sochalski et al. [58], Wiltse
and Aiken [43], Neff et al. [57], Schreuders et al. [19] [72] Nicely et al. [50]

Skill mix (n=1) Schreuders et al. [19]*

Work environment | Aiken et al. [53], Friese et al. [41], Neff et al. [57], Wiltse Nicely et al. [50], Rao | Aiken et al. [52]

(n=6) etal. [47]

Education (n = 8) Aiken et al. [52, 53, 70], Friese et al. [41], Kendall-Gallagher et al. [42], Wiltse Nicely et al. [50] Neff et al. [57]
Kutney-Lee and Aiken [43]

Experience (n = 2) Aiken et al. [70], Kendall-

Gallagher et al. [42]

'Statistically significant association (p < 0.05) in the expected/hypothesized direction (e.g., higher staffing levels or richer RN skill mix were associated with lower
failure-to-rescue rates.

2Nonstatistically significant association (p > 0.05).

*Mixed associations refer to both statistically significant (p < 0.05) and nonstatistically significant associations (p > 0.05) reported for the same independent variable.
*One statistically significant but inverted association suggested that a lower RN skill mix was associated with lower 30-day failure-to-rescue. Other associations with
staffing and skill mix were nonsignificant.

https://doi.org/10.1371/journal.pone.0223979.t006
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Alternatively, inconsistent findings across studies could also result from the fact that some
staffing practices (e.g., staffing levels) may have little variability on certain types of nursing
units (e.g., ICUs typically have similar nurse-to-patient ratios, whereas such ratios may vary
more extensively across general surgical units) [40,49,68]. To address this issue, alternative
and more refined measures of staffing adequacy that vary across units should be explored in
future studies (e.g., percentage of unmet nursing care needs, workload adequacy). Moreover,
greater variability could also have been generated by the differences in study design (i.e., vary-
ing from hospital-level cross-sectional studies to patient-level longitudinal investigations).

Interestingly, we observed that PCEs were most commonly operationalized as a composite
outcome of several distinct PCEs (e.g., cardiac arrest and shock). This methodological choice
was attributed to the low incidence rate of PCEs in some of the reviewed studies, which pre-
cluded their analysis as separate outcomes [23,62]. While pooling PCEs into a composite out-
come may allow for statistical inferences, future research is required to determine the validity
and clinical utility of this approach and to elucidate the mechanisms that likely explain any
observed associations between nurse staffing practices and PCEs.

In parallel, future research is also needed to identify more accurate and efficient methods
for measuring PCEs. Indeed, we found that most of the reviewed studies relied on discharge
diagnostic codes, which are well known for their low sensitivity and positive predictive value
for identifying adverse events such as PCEs [77-79]. In addition, while manual chart review is
the reference standard in this area of research, it is labor-intensive, time-consuming, and
costly. As a consequence, studies that relied on this method were often based on small samples
of patients and consequently underpowered for detecting any significant associations between
nurse staffing practices and PCEs [79]. Among the potential alternatives to discharge diagnos-
tic codes and manual chart review, the recent development and validation of novel methods
for measuring adverse events directly from electronic health record data and clinical narratives
appears promising [80-83].

Another important finding of this systematic review is that adequate nurse staffing levels, a
higher proportion of RNs educated at the baccalaureate degree level, and more supportive
work environments were related to lower rates of both 30-day mortality and failure-to-rescue.
One possible explanation for these associations is that RNs are responsible for providing
important interventions as part of their surveillance of the patients under their care, such as
patient teaching, discharge planning or care coordination across settings [60,84], the effect of
which may only become apparent after discharge. Moreover, recent studies have suggested
that, under suboptimal staffing circumstances, nurses will deliberately omit (ration) these care
processes to prioritize more critical medical treatments and interventions, which may impact
outcomes after discharge [84,85]. In addition, it is plausible that more supportive work envi-
ronments and the usage of a greater proportions of RNs educated at the baccalaureate degree
level may influence the RNs’ decision-making processes and priority-setting or allow them to
exploit the full extent of their scope of practice, all of which could explain why these staffing
practices were associated with better patient outcomes [39,82-84]. While there is emerging
evidence for these associations, further research is required to better elucidate the mechanisms
by which nurse staffing levels, RN education and work environment characteristics are linked
to patient mortality and failure-to-rescue.

Moreover, we noted that higher nurse staffing, a higher proportion of RNs educated at the
baccalaureate degree level, and more supportive work environments were more consistently
related to failure-to-rescue than to mortality (especially when these outcomes were measured
at the time of hospital discharge). All-cause mortality has been criticized by several nursing
scholars for its lack of sensitivity to nursing care [14,37], whereas failure-to-rescue, or deaths
resulting from potentially preventable complications, has stronger theoretical underpinnings
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with nursing interventions, notably through the concept of nurse surveillance [14,17,37,41].
As such, given that staffing levels, a higher proportion of RNs educated at the baccalaureate
degree level, and more supportive work environments are important to effective nurse surveil-
lance, it is possible that failure-to-rescue is simply more sensitive than mortality to variations
in these nurse staffing practices.

Interestingly, most of the reviewed studies were based on cross-sectional designs and typi-
cally analyzed hospital-level administrative data. While this approach is also commonly used
in the broader field of nurse staffing and patient outcomes research [14-16,37], the validity of
its findings has been questioned for two important and interrelated reasons. Cross-sectional
designs preclude the assessment of the temporal sequence linking an exposure to its associated
outcome [79], whereas hospital-level data imprecisely allocate nursing resources to individual
patients [84,86]. Therefore, to strengthen this body of evidence, there is a strong need for lon-
gitudinal studies conducted at the patient level of analysis.

Moreover, across the reviewed studies, scant attention has been given to other important
staffing practices, such as skill mix and the use of overtime hours or temporary nursing
staff. In addition, few studies have examined the simultaneous association of these (and
other) staffing practices with the occurrence of PCEs, mortality or failure-to-rescue. Given
that multiple staffing practices are typically employed simultaneously by managers on any
given nursing unit and shift in an attempt match available resources with the patients’
requirements for nursing care, estimating the simultaneous effects of these practices on
patient outcomes is an important next step in the investigation [87]. Such studies are
required to assist managers in identifying which staffing practices are associated with
greater benefits to patients.

Finally, some limitations of this systematic review must be acknowledged. First, although
we used a comprehensive list of keywords, it is possible, as in any systematic review, that some
important studies were omitted. We therefore recommend that our work be periodically
updated and expanded. Second, some of the reviewed studies used subsamples of larger proj-
ects also included in this review. While this approach has the merit of being exhaustive, it may
also have somewhat amplified some of our conclusions. Third, high methodological heteroge-
neity and the overlapping nature of several studies precluded a formal meta-analysis. Indeed,
pooling heterogenous/overlapping studies would bias the estimated effect of a given staffing
practice on outcomes [67]. Last, limitations of this systematic review also include those of the
reviewed studies, such as inaccurate and incomplete coding of patient characteristics and out-
comes in administrative databases, low response rates on surveys measuring nurse staffing
practices, incomplete risk-adjustment, and poor matching of each staffing practice to the
actual patients cared for, all of which could have influenced the conclusions of this systematic
review.

Conclusions

We found evidence that nurse staffing levels, a higher proportion of RNs educated at the bac-
calaureate degree level and more supportive work environments are cross-sectionally associ-
ated with a lower risk of 30-day mortality and failure-to-rescue. Moreover, among the few
studies that pertained to PCEs, inconsistent results were observed. To strengthen this body of
research and support evidence-based staffing decisions at the bedside, there is a strong need
for patient-level longitudinal studies. Such studies are also required to determine whether less
frequently investigated staffing practices, such as overtime or temporary/agency staff use, are
related to the occurrence of PCEs, mortality or failure-to-rescue.
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