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Purpose: Half of the patients experience pain during their ICU stay which is known to influence their outcomes.

Nurses and physicians encounter organizational barriers towards pain assessment and treatment. We aimed to
evaluate the association between adequate pain management and nurse to patient ratio, bed occupancy rate,
and fulltime presence of an intensivist.
Materials andmethods:Weperformed unadjusted and case-mix adjustedmixed-effect logistic regressionmodel-
ing on data from thirteen Dutch ICUs to investigate the association between ICU organizational characteristics
and adequate painmanagement, i.e. patient-shift observations inwhich patients' painwasmeasured and accept-
able, or unacceptable and normalized within 1 h.
All ICU patients admitted between December 2017 and June 2018 were included, excluding patients who were
delirious, comatose or had a Glasgow coma score b 8 at the first day of ICU admission.
Results: Case-mix adjusted nurse to patient ratios of 0.70 to 0.80 and over 0.80were significantly associatedwith
adequate painmanagement (OR [95% confidence interval] of respectively 1.14 [1.07–1.21] and 1.16 [1.08–1.24]).
Bed occupancy rate and intensivist presence showed no association.
Conclusion: Higher nurse to patient ratios increase the percentage of patients with adequate pain management
especially in medical and mechanically ventilated patients.

© 2019 Elsevier Inc. All rights reserved.
1. Introduction

Pain experienced during ICU stay is a major issue and known to in-
fluence patient outcomes. Pain decreases comfort and sleep and in-
creases morbidity, mortality and length of stay [1-3]. During their stay
half of the ICU patients experience moderate to severe pain [4,5]. Pain
increases during procedures such as turning, chest tube removal,
wound drain removal, and arterial line insertion. Furthermore pain ex-
perienced before a procedure is associated with greater pain during a
procedure [6,7]. The frequent assessment and appropriate treatment
l intensive care evaluation; VAS,
vioral Pain Scale; CPOT, Critical-
; CPOE, computerized provider
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of pain is associated with decreased incidence of pain, need for seda-
tives, duration of mechanical ventilation, ICU and hospital length of
stay, and mortality [3,8,9]. Therefore, it should be encouraged that
pain during ICU admission is optimally managed. However nurses and
physicians encounter barriers towards pain assessment and treatment,
for example pain is not always easy to measure, especially in mechani-
cally ventilated or sedated patients [10]. Furthermore, qualitative stud-
ies investigating health professionals' practices and barriers regarding
pain management in ICUs indicated that inadequate staffing levels to
meet workload and the need of doctor's approval for prescribing proper
pain medication hampered nurses to provide adequate pain manage-
ment [11-13]. In addition, studies that described pain experience of
ICU patients showed that most patients waited for the nurse to ask
them about their pain before communicating its presence [14]. There-
fore, it can be hypothesized that a lower nurse to patient ratio, higher
bed occupancy rate, and a reduced presence of intensivists are associ-
ated with less patients receiving adequate pain management. To our
knowledge no studies have quantitatively investigated the association
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Table 2
Characteristics of the 13 included intensive care units.

Organizational characteristic n = 13

Number of admissions mechanically ventilated in first 24 ha 182 (59–651)
Nurse to patient ratio, average per shifta 0.75 (0.68–0.84)
Bed occupancy rate, average % per shifta 73.9 (67.8–84.1)
Intensivist presence (hours)

Working days, n (%)
b24.0 6 (46.2)
24.0 7 (53.8)

Weekends, n (%)
b24.0 6 (46.2)
24.0 7 (53.8)

a Presented as median (interquartile range; IQR)

Table 1
Description of patient characteristics of the 13 included intensive care units.

Patient characteristic Admission
count (%)

Patient-shifts with at least one
pain
measurement, %

ICU admissions 8136 81.2 (65,565/80743)
Gender male 5140 (63.2) 81.1 (42,940/52971)
Admission type

Medical 3714 (45.6) 79.8 (40,745/51068)
Surgical 4422 (54.4) 83.6 (24,820/29675)

Mechanical ventilation first
24 h

4497 (55.3) 80.7 (44,527/55170)

Median (IQR)
Age in yearsa 67.0

(57.0–74.0)
Mean (SD)

APACHE IV mortality
probabilitya

0.17 (0.23)

a Presented as median with interquartile range (IQR) or mean and standard deviation
(SD), but included as splines in the regression analysis
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between these ICU organizational characteristics and painmanagement
before. Within this multicenter study we aim to gain more insight into
the organizational characteristics associated with adequate pain man-
agement in Dutch ICU patients during their admission.

2. Materials and methods

2.1. Data collection

In the Netherlands, the National Intensive Care Evaluation (NICE)
registry, enables ICUs to monitor and improve their quality of care.
The NICE registry provides all 83 Dutch ICUs with audit and feedback
(A&F) information on patient outcomes such as mortality and length
of stay, and optional on topics such as organizational characteristics,
complications, sepsis and sequential organ failure [15]. In 2017, the
NICE registry developed and implemented a web based module with
four actionable quality indicators in order to improve quality of pain
management [16]. The data needed to calculate the pain indicators con-
sist of date and time of pain assessment, pain score, and type of assess-
ment tool [17]. Pain measurements were performed in patients at rest,
usually by nurses, but also by physicians, and measured with validated
measurement instruments. The Visual Analog Scale (VAS) or the Nu-
meric Rating Scale (NRS) was used in patients able to self-report pain
and the Behavioral Pain Scale (BPS) or Critical-Care Pain Observation
Tool (CPOT) in patients not able to self-report, e.g. sedated or mechani-
cally ventilated patients [8,18,19].

We used data from thirteen (15.7%) mixed medical-surgical ICUs
that voluntarily engaged in the pain management module of the NICE
registry and for which data on organizational characteristics and pain
managementwas available for all patients admitted betweenDecember
2017 and June 2018. The ICUs extracted these data from their electronic
health record (EHR) in addition to their regular uploaded NICE data on
patient demographics, physiological and diagnostic data such as comor-
bidities and reason of admission [15]. Patientswhowere not delirious or
comatose and had a Glasgow coma score ≥ 8 at the first day of ICU ad-
mission were eligible for inclusion, because the pain instruments are
only validated for these patients [20].

2.2. Outcome measure

Our outcome measure was the proportion of ICU patients per shift
with adequate pain management. Our unit of observation is a patient
shift as the availability of nurses and intensivists, and bed occupancy
rate change over shifts. Adequate painmanagement for a patient during
a shift (day, evening or night shift) was defined as ‘yes (1)’when at least
one pain measurement was performed during that shift and all mea-
surements performed had acceptable pain scores OR in case of an
unacceptable pain score the pain was re-measured and normalized
within 1 h [16,21]. A pain measurement had an unacceptable score
when VAS/NRS N 3, CPOTN2 and BPS N 5 [8,18,19]. We excluded the
first shift of patients' ICU admission because presence of pain is not in
control of the ICU when patients from the operating room or from the
emergency room arrive at the ICU with high pain scores.

2.3. Organizational determinants of adequate pain management

Based on literature, expert opinion and the availability of data in the
NICE registry we explored the impact of four potential organizational
determinants of adequate pain management: nurse to patient ratio,
bed occupancy rate, intensivist presence (hours) during workdays and
intensivist presence (hours) during weekends. Nurse to patient ratio
was determined by dividing the number of full-time equivalent (Fte)
ICU certified nurses during a shift by the maximum number of patients
present at the ICU during that shift. Bed occupancy ratewas determined
by dividing themaximum number of patients present at the ICU during
a shift by the number of available ICU beds during that shift, multiplied
by 100.

2.4. Data analysis

We performed unadjusted – i.e. univariate and case-mix adjusted –
i.e. multivariatemixed-effect logistic regressionmodeling to investigate
the association between each of the four organizational characteristics
and adequate pain management. Nurse to patient ratio and bed occu-
pancy ratewere included in themodels as quintiles and intensivist pres-
ence during workdays and weekends as dichotomous variables (b24 h
vs. full time coverage i.e. 24 h).

In 2007 Chanques et al. [4] showed that the intensity of NRS scores at
rest were higher in ICU medical patients as compared to surgical-
trauma patients. Other factors that have been shown to be associated
with higher pain scores in ICU patients are a young age, number of co-
morbidities, colon cancer, and abdominal surgery [22-25]. Therefore,
in each of the multivariate models we adjusted the effect of the organi-
zational characteristic for age, gender, admission type (medical vs. sur-
gical) andAcute Physiology and Chronic Health Evaluation (APACHE) IV
mortality probability. We included APACHE IV mortality probability as
an overall measure for severity of illness as it includes the combined in-
formation on comorbidities, physiological disturbance, and admission
diagnosis and because the limited number of included ICUs (n=13) re-
quires a strict policy on the number of covariates in the model. Age and
APACHE IV mortality probability were included in the model as re-
stricted cubic splines to allow a non-linear relationship with adequate
pain.

We included a random intercept for ‘ICU’ and for ‘patient admission’
to account for clustering effects of observations within ICUs and for re-
peatedmeasurements within patients.We testedwith ANOVAwhether
the model including a specific organizational characteristic improved
compared to a model with only the case-mix variables and random



Fig. 1. Distribution of percentage of patients with adequate pain management per shift
across the included intensive care units over a 6-month period.
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intercepts for ‘ICU’ and ‘patient’ included.We defined improvement as a
p-value smaller than 0.05.

As post-hoc analysis we repeated the multivariate analyses that re-
sulted in a significant association for subgroups medical vs. surgical ad-
missions and for patientsmechanically ventilated in thefirst 24 h vs. not
mechanically ventilated in the first 24 h. Statistical analysis were per-
formed using R version 3.4.3 (R Foundation for Statistical Computing;
Vienna, Austria).
3. Results

Of the thirteen included ICUs six were located in a general hospital,
five in a teaching hospital and two in a university affiliated hospital.
The median number of ICU beds was 14.0 (interquartile range (IQR);
8.0–30.2). Supplementary material 1 shows the flow of patient inclu-
sion. Table 1 shows characteristics of the 8136 included patients to-
gether with the percentage of patients per shift with at least one pain
measurement. Table 2 describes per organizational characteristic the
median and interquartile range (IQR) of the thirteen included ICUs.
For all ICUs the presence of intensivists appeared to be equal for week-
days andweekends, therefore this variable was combined in the regres-
sion analysis. The percentage of patients with adequate pain
management during a specific shift ranged from 57.6% to 84.8% in the
thirteen ICUs (Fig. 1).

Table 3 presents the unadjusted and adjusted odds ratios for the as-
sociations between the organizational determinants and adequate pain
Table 3
Odds ratios (ORs) for adequate pain management of unadjusted and case-mix adjusted analys

Organizational characteristic OR (95% CI)

Nurse to patient ratio
Up to 0.55 Reference
0.55 to 0.63 1.06 (1.00–1.12)
0.63 to 0.70 1.07 (1.00–1.14)
0.70 to 0.80 1.14 (1.07–1.22)
Over 0.80 1.17 (1.09–1.25)

Bed occupancy rate
Up to 69.0 Reference
69.0 to 80.0 1.01 (0.95–1.08)
80.0 to 88.2 1.03 (0.96–1.11)
88.2 to 96.3 1.01 (0.94–1.09)
Over 96.3 1.02 (0.95–1.10)

Intensivist presence (hours)b

b24.0 Reference
24 0.88 (0.41–1.88)

a Adjusted for the case-mix variables gender, age, admission type (medical or surgical), and
b The results for working days and weekends are presented together because ICUs with an i
management. The unadjusted nurse to patient ratio of 0.55 or higher
was significantly associated with a higher percentage of patients with
adequate pain management as compared to a nurse to patient ratio of
0.55 or less. This association remained significant for the nurse to pa-
tient ratios of 0.70 to 0.80 and over 0.80 after case-mix adjustment.
Adding nurse to patient ratio to the model that only included the
case-mix variables and random intercepts improved the model signifi-
cantly (ANOVA p b .001). Bed occupancy rate and intensivist presence
were unadjusted and adjusted not associated with adequate pain man-
agement and did not improve the model that only included the case-
mix variables and random intercepts.

The post-hoc analysis (Table 4) showed that a case-mix adjusted
nurse to patient ratio of 0.63 or higher was significantly associated
with a higher percentage of patients with adequate pain management
in medical and mechanically ventilated patients. For surgical and non-
mechanically ventilated patients we found no association.
4. Discussion

We examined the association between four ICU organizational char-
acteristics and adequate painmanagement. This study shows that nurse
to patient ratio is significantly associated with adequate pain manage-
ment in Dutch ICUs especially in medical and mechanically ventilated
patients. For bed occupancy rate and presence of intensivists we did
not find an association with adequate pain management.

Our finding that a higher nurse to patient ratio increases the per-
centage of patients with adequate pain management per shift confirms
the results from earlier mostly qualitative studies in which ICU nurses
indicated that a lack of manpower and time withheld them from ade-
quate pain management [11,12,26]. However, this does not necessarily
mean that patients admitted to an ICU with lower nurse to patients ra-
tios experience more pain. An alternative explanation for our finding is
that pain is treated appropriate at all ICUs, but ICUs with a higher nurse
to patient ratiomay havemore time to record the normalized pain score
into the EHR. However, complete registration is part of adequate pain
management to avoid excessive use or side effects of pain medication
due to missing normalized pain scores [27]. Our hypothesis was that a
high bed occupancy rate would be associated with a decreased percent-
age of patients with adequate pain management during a shift. How-
ever, bed occupancy rate did not show to be associated with adequate
pain management. A possible explanation is the fact that the bed occu-
pancy rate does not account for patient turnover. Patient turnover is a
factor within the ICU work environment that disrupts workflows asso-
ciatedwith the nursing process resulting in increased nursingworkload.
Consequently, when the time cost of patient turnover exceeds the time
available within a nurse's schedule this might result in less adequate
es.

p-value Adjusteda OR (95% CI) p-value

Reference
0.047 1.06 (1.00–1.12) 0.05
0.04 1.06 (1.00–1.13) 0.06
b0.001 1.14 (1.07–1.21) b0.001
b0.001 1.16 (1.08–1.24) b0.001

Reference
0.77 1.01 (0.95–1.08) 0.68
0.34 1.04 (0.97–1.11) 0.29
0.72 1.02 (0.94–1.09) 0.67
0.53 1.02 (0.95–1.10) 0.53

Reference
0.74 0.94 (0.43–2.08) 0.88

Acute Physiology and Chronic Health Evaluation (APACHE) IV mortality probability.
ntensivist present 24 hours per day during working days had this also during weekends.



Table 4
Odds ratios (ORs) for adequate pain management of case-mix adjusted analyses within medical vs. surgical and mechanically ventilated vs. non-mechanically ventilated patients.

Organizational characteristic Medical admission Surgical admission Mechanically ventilated Non-mechanically ventilated

Adjusteda OR (95% CI) p-value Adjusteda OR (95% CI) p-value Adjustedb OR (95% CI) p-value Adjustedb OR (95% CI) p-value

Nurse to patient ratio
Up to 0.55 Reference Reference Reference Reference
0.55 to 0.63 1.05 (0.98–1.13) 0.19 1.08 (0.98–1.18) 0.12 1.06 (0.99–1.14) 0.08 1.06 (0.95–1.18) 0.28
0.63 to 0.70 1.10 (1.01–1.19) 0.02 1.01 (0.91–1.12) 0.83 1.08 (1.00–1.16) 0.05 1.04 (0.92–1.17) 0.52
0.70 to 0.80 1.20 (1.11–1.30) b0.001 1.04 (0.94–1.15) 0.47 1.16 (1.07–1.25) b0.001 1.10 (0.99–1.24) 0.09
Over 0.80 1.25 (1.14–1.35) b0.001 1.01 (0.91–1.12) 0.88 1.22 (1.13–1.33) b0.001 1.04 (0.93–1.17) 0.49

a Adjusted for the case-mix variables gender, age and Acute Physiology and Chronic Health Evaluation (APACHE) IV mortality probability.
b Adjusted for the case-mix variables gender, age, admission type (medical or surgical), and Acute Physiology and Chronic Health Evaluation (APACHE) IV mortality probability.
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pain management [28]. However, when the increased need for nursing
care can be accommodated by an increase in nursing staff, patient turn-
over is not a problem. We hypothesized that presence of intensivists
was associatedwith adequate painmanagement as physicians prescribe
pain medication which thereafter can be administered by the ICU
nurses. The absence of an association between intensivist presence
and adequate pain management might be explained by the availability
of nurse-driven protocols. All included ICUs mentioned they had a
pain protocol, but unfortunately we do not have any data in our dataset
on whether this were nurse-driven protocols. A nurse-driven protocol
enables ICU nurses to make decisions on their own e.g. about adminis-
tering pain medication, without or with less consultation of the attend-
ing intensivist [29,30]. Another explanation might be the use of
computerized provider order entry (CPOE) as these systems can im-
prove pain control by reducing medication prescription errors or initia-
tion of prompts should a intensivist fail to order pain medication for a
patient who reports pain [31].

A strength of this study is that we performed multicenter analysis
and we believe that our results are likely to be generalizable to other
ICUs with similar organizational factors. Next, by analyzing the associa-
tion of nurse to patient ratio and bed occupancy ratewith adequate pain
management per shift we took into account that these factors can differ
per shift. A limitation of this study might be that selection bias has oc-
curred because ICUs participated on a voluntarily basis. The ICUs that
participated are more likely to have their pain management practice
and organization well-arranged than those that did not participate. An-
other possible limitation is that we did not have information on mea-
sures that directly influence the process of pain management such as
the availability of decision support in the electronic health record of
the ICUs that prompt to measure or re-measure pain, or to evaluate
the pain medication. Decision support may improve pain management
[32,33], but it can also result in alert fatigue – i.e. health professionals ig-
noring the prompts [34]. Furthermore, the effectiveness of the prompts
also depends on the quality of it. Future research on this type and other
organizational characteristics might further unravel how ICUs might
improve pain management.

5. Conclusion

We found a positive association between nurse to patient ratio and
adequate pain management especially in medical and mechanically
ventilated patients. This finding confirms the believes of nurses that a
lack of manpower withheld them from adequate pain management
and underpins the importance of sufficient nurse staffing levels.
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