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Abstract: Institution: Department of Pediatrics, pediatric critical care, University of Buffalo Oishei Children’s’ hospital.
Objective: To evaluate the impact of understaffing on administration of sedatives and analgesics to patients in pediatric
intensive care unit [PICU]. Design: Retrospective cohort. Setting: PICU in a university-affiliated children’s hospital.
Patients: Fifteen intubated children 0-21 years of age admitted to the PICU in September and October 2017 at the Women’s
and Children’s Hospital of Buffalo. Twenty-one intubated children admitted in January and February 2018 at Oishei
Children’s Hospital. All intubated patients in our study received sedation and analgesic drips and/or boluses. Intervention:
None. Results: We used NEMS [Nine Equivalent of nursing use Manpower score] as a way of evaluating the
‘appropriateness’ of nurse-patient ratio. Appropriate shifts were defined as shifts with Nurse/Patients [N/P] ratio similar to
that determined per NEMS. Under-staffed Shifts were shifts with N/P ratio less than determined per NEMS. Sedation
burden was defined as extradoses of sedation given or rate change of drip per shift. There were no differences in age, sex,
race, weight and PRISM score between patients admitted in both hospitals. There was no significant difference in sedation
burden between appropriate shifts 207/429 [48.2%] vs under-staffed shifts 26/44 [59.1%], p-value=0.17. Linear regression
was used to account for severity of disease using PRISM score, there was no significant difference between the two groups.
There was significant sedation burden in shifts with higher N/P ratio [1:1 or 2:1] vs lower N/P ratio [1:2] [112/191 58.6%
vs 121/281 43%, p-value=0.0009]. Conclusion: We could not prove that understaffing would be associated with increase
sedation. In our study group, there was increase sedation administration to patients when they had more nurses at their
bedside. We think having an established sedation score and collecting these scores with the amount of sedation given during
appropriate and under-staffed shifts might help controlling for some of the variables and give a more objective method to
judge the patients’ depth of sedation. More studies need to be conducted on the effect of nurse staffing and the amount of
sedation.
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shortage of registered nurses [RNs] as Baby Boomers age
and the need for health care grows [4]. Adverse outcomes
most frequently associated with decreased nursing staff
include increased infection rates, postoperative complications
and unplanned extubations [2, 8, 18, 19].

An important aspect in taking care of critically ill
pediatric patients is administration of sedative agents.
Previous studies have shown that both over-sedation and
under-sedation are associated with multiple side effects,

1. Introduction

The impact of ancillary staffing ratios on provider work
load and patient morbidity and mortality in critical care has
been well-established. In recent studies in adults both in Asia,
Europe, and the United States, the risk of death was
associated with increased patient-physician and patient-
nurses’ ratios [1, 18, 19]. Per the American Association of
Colleges of Nursing, the US is projected to experience a
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including inadequate pain/sedation, iatrogenic withdrawal
syndrome, unplanned endotracheal tube [ETT] extubation

[UPE], post-extubation stridor, extubation failure,
unplanned removal of any invasive lines or tubes, ventilator
associated pneumonia [VAP], catheter associated
bloodstream infection [CA-BSI] and immobilization

complications such as muscle wasting and pressure ulcers
[10-13]. The RESTORE study [Randomized Evaluation of
Sedation Titration for Respiratory failure] showed that
nurse-implemented, goal directed sedation protocol did not
reduce sedation-related adverse events, yet there was no
discussion or comparison of the staffing, manpower or
workload between intervention and control group [11]. A
recent survey for hospitals in the US, showed that 94% of
units have a sedation assessment tool and 86% utilize a
sedation protocol which was 20% increase from previous
survey done in 2005 [15, 16]. Various strategies to promote
light sedation is recommended in recent guidelines, as deep
sedation is associated with suboptimum patient outcomes.
Yet challenges emerge that decrease the adherence to these
protocols. A recent survey among Scottish ICUs nurses to
examine challenges against following sedation protocols,
showed that three main themes: (1) recent shift in sedation
practice (2) uncertainty in decision-making (3) system-level
factors including ICU environment, organizational factors,
and educational gaps [17]. Another survey in the US
showed that nurses’ attitudes toward the effectiveness of
sedation in relieving patients’ distress during mechanical
ventilation correlated positively with their intention to
administer sedatives. [15]. Few studies investigated
nursing’s impact on pediatric outcome and it mostly
focused on the level of education and experience [20].

To our knowledge there has been no study to examine the
effect of under-staffing on sedation utilization and needs in
pediatric critical care.

Primary Hypothesis

We hypothesize that during the under-staffed shifts, the
patients received more sedation compared to appropriately-
staffed shifts.

Secondary Hypothesis

We hypothesize that our charge nurses staffing is as
appropriate as the NEMS staffing.

2. Methods

This retrospective cohort study was approved by our
Institutional Review Board with waiver of patient consent.
Our unit is a 20-bed mixed medical and surgical tertiary-
care unit. Data were obtained by chart review of all
intubated patients admitted to our pediatric intensive care
unit [PICU] in September and October 2017 at the
Women’s and Children’s Hospital of Buffalo. At that time
our unit consisted of both closed and open rooms. Open
rooms were divided by curtains and closed rooms were
divided by walls with the ability to close the door to the
room. We also repeated this chart review process for all
intubated patients admitted to our new facility during

January and February 2018 [Oishei Children’s Hospital]. At
the new hospital, the PICU consists of 20 closed rooms.
Our unit was moved to the new facility in November 2017.
We excluded patients requiring sedation for procedures
other than endotracheal intubation. This excluded patients
who required sedation medications being used to treat
seizures. It also excluded patients who received these
medications for increased agitation secondary to ingestion
[intentional or accidental]; the caveat being the inclusion of
patients who were intubated and receiving mechanical
ventilation as a direct result of their ingestion. We also
excluded patients on sedatives for more than 2 weeks prior
to initiation of the study. And finally, patients on chronic
use of sedatives for at least 1 month prior to admission,
were also excluded in attempt to eliminate tolerance as an
influencing factor. Once the endotracheal tube was removed,
the study was completed.

In our institution, the nurse-patient ratio [N/P] is
determined by the charge nurse responsible for each shift.
They rely on the unit census, acuity of patient and staff
available for assignment. We do not have a written protocol
for N/P assignment. The assignments depend entirely on the
charge nurses’ experience and knowledge of the staff
capabilities. The calendar day is divided into 2 shifts, each
being 12 hours. Morning shift is from 7am to 7pm and the
Night shift is from 7pm to 7am. The charge nurse determines
the N/P ratio at the beginning of each shift. To determine the
appropriateness of staffing we needed an objective tool to
measure our actual nurse-patient staffing against.

Recent European literature demonstrated the use of a
variety of different tools that nurses can use to identify the
severity of patients’ conditions and nursing workload. This
is to ensure safety and improve quality of care, especially in
pediatric settings, in which care includes not only the
children but also their parents and relatives [5, 6]. One of
these tools is the Nine Equivalents of Nursing Use
Manpower [NEMS] which was based on TISS-28. The
Therapeutic Intervention Scoring System [TISS] was
originally presented in 1974, and some changes have been
made over time, its simplified version is currently the most
disseminated versions [6]. The simplified Therapeutic
Intervention Scoring System [TISS-28] presented in 1996,
is composed of 28 items designed to measure the severity of
the disease and nursing workload [6]. Prospective
observational studies showed good correlation and
agreement between the TISS-28 and the NEMS, enabling
validation in pediatric patients [5-8]; however, it only
measures care activities delegated from therapeutic
intervention and does not reflect basic nursing activity [7].
NEMS include 9 aspects of patients’ care filled by nurses.
EURICUS-I and II database [European ICU database]
described three level of care [LOC] based on NEMS. Group
1 [NEMS <21], group 2 [NEMS 21-30] and group 3
[NEMS >30], with corresponding adjusted nurse-patient 1:3,
1:2 and 1:1 [7-9]. We used NEMS as a way of evaluating
the ‘appropriateness’ of nurse-patient ratio. The 9 aspects of
patients’ care included in NEMS scoring [Table 1] are:
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basic monitoring, hourly vital signs, calculation of fluid
balance, intravenous medication [boluses or continuous],
use of mechanical ventilation with or without PEEP and
with or without muscle relaxants, supplementary ventilator
care. Also included are vasoactive medication, dialysis,
patient specific intervention e.g. tracheal intubation,
endoscopy, emergency operation in the past 24 hours or
gastric lavage and if the patient needed specific
interventions outside PICU such as surgical intervention or
diagnostic procedure. The data required for the NEMS
score was collected for each shift for each patient in our

study. The shift was considered “appropriate “if the actual
nurse-patient ratio was similar to the predicted ratio
determined per NEMS. The shift was considered “under-
staffed” if the actual nurse-patient ratio was less than that
predicted per NEMS.

We also collected the patients’ characteristics including:
age, sex, race, and weight, length of stay in the PICU,
ventilator free days in 28 days, discharge diagnosis and their
admission PRISM score. We collected the number of
sedation boluses given and the number of rate changes of
sedative infusion during each shift through our study period.

Table 1. NEMS Components.

Item Points
Basic monitoring Hourly vital signs, regular record and calculation of fluid balance. 9
Intravenous medication Bolus or continuously, NOT including vasoactive drugs. 6
Mechanical ventilatory support Any form of mechanical/assisted ventilation, with or without PEEP [e.g., continuous positive airway pressure], 12
with or without muscle relaxant.

Supplementary ventilatory care Breathing spontaneously through endotracheal tube; supplementary oxygen any method, except if above applies. 3
Single vasoactive medication Any vasoactive drug.

Multiple vasoactive medication More than one vasoactive drug, regardless of type and dose. 12
Dialysis techniques All.

Specific interventions in the ICU Such as endotracheal intubation, introduction of pacemaker, cardioversion, endoscopy, emergency operation in

the pat 24 h, gastric lavage; routine interventions such as X-ray, echocardiography, electrocardiography, dressings, introduction of venous or 5
arterial line, are NOT included.

Specific intervention outside the ICU Such as surgical intervention or diagnostic procedure; The intervention/procedure is related to the severity 6

of illness of the patient and makes an extra demand upon manpower effort in the ICU.

Descriptive analysis was used to describe baseline patients’
characteristics. Chi-square was utilized to analyze data for
number of shifts with sedation burden [extradoses of sedation
and rate changes of sedation infusion] per shift between
appropriate and under-staffed shifts. Also shifts in which
nurse-patient ratio was (1 to 1 or 2 to 1) and shifts in which
nurse-patient ratio was (1 to 2). The study compared
Appropriate and under-staffed day and night shifts. We
further analyzed the data for significant sedation burden
[shifts with > 2 extradoses of sedation given or > 2 rate
changes of sedation infusion rate] per shift between
appropriate and under-staffed shifts. We wused linear
regression to adjust for difference in NEMS score between
shifts to account for severity of illness.

As mentioned above we used NEMS as objective tool to
measure our actual nurse-patient staffing appropriateness. So,
the study group also desired to assess the effectiveness of
NEMS score to correlate with the severity of illness as
determined by admit PRISM scores, sicker patients would
more likely have a higher NEMS score and as such a higher
N/P ratio. This was assessed using a Receiver Operator
Characteristic curve [ROC] for NEMS and admit PRISM.
We as Nurse: patient ratio 1:1 per NEMS was the binary
variable and PRISM was the continuous variable. The study
goup also examined the actual nurse-patient staffing
effectiveness to correlate with severity of illness. So, another
ROC was done for actual nurse-patient staffing and admit
PRISM score. Here Nurse: patient ratio 1:1 per actual nurse-
patient staffing was the binary variable and PRISM was the
continuous variable.

3. Definitions

Appropriate Shifts: shifts with nurse-patient ratio [N/P]
similar to that determined per NEMS.

Under-staffed Shifts: shifts with nurse-patient ratio [N/P]
less than that determined per NEMS.

Sedation burden: extradoses of sedation or rate change of
sedation infusion per shift

Significant sedation burden: >2 extradoses of sedation or
>2 rate changes in sedation infusion rate per shift.

4. Results

A total of 36 patients were enrolled in the study, 15 were
included in September and October 2017 and 21 in January
and February 2018 [Table 2]. The mean age in the first 2
month of the study 61 month with standard deviation SD
[£63.8] and in the second 2 months 50 months SD [£72.7] P-
value 0.15. Average of weight 21.6 kg SD [+18.9] and in the
second 2 month of the study 15.5 with SD [£25.8] p-value
0.339. PRISM in the first 2 month mean 7.7 with SD [£6.6]
and mean in the second 2 month mean 8 with SD [+4.5] with
P-value 0.89. Our cohort outcome shows in [Table 3] length
of stay [LOS] in the first 2 month with mean 9.3 days with
SD [+4.5]. In the second 2 month mean LOS is 21 days with
SD [£14.3] P-value 0.224. Ventilator free days [VFD] from
total of 28 days in the first 2-month mean is 17.4 with SD
[£9.4] and in the second 2 month mean VFD 17.4 with SD
[£9.4] and in the second 2 months VFD with mean 17.4 with
SD [+4.7] p-value 0.454. Diagnosis included in our cohort
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[Table 4] showing no statistically significant between the 2

study groups with P-value 0.46.

Table 2. Patient demography.

Items September/October 2017 January/February 2018 P-value
Number 15 21
Male [%)] 46 57
Age [m] 61 [+ 63.8] 50 [+ 72.7] 0.155
Caucasian [%] 60 76 0.894
African American [%] 20 10
Others [%] 20 14
Weight [kg] 21.7 [+ 18.9] 15.15 [+ 25.8] 0.399
PRISM 7.7 [+ 6.6] 8 [+4.5] 0.869
* Data represented as mean [+ SD]

Table 3. Diagnosis.
Items September/October 2017 January/February 2018 P-value
Respiratory [%] [n] 46 [7] 71 [15] 0.46
CVS [%] 6] 4[]
Trauma [%] 20 [3] 571
Neuro [%] 8] 6]
Other [%] 20 [3] 14 [3]

Table 4. Patient Outcomes.

Items September/October 2017 January/February 2018 P-value
Length of stay LOS [d] 9.3 [+4.5] 21 [+ 14.3] 0.224
Ventilator free day [VFD] 17.4 [£9.4] 17.4[+£7.7] 0.454

* Data represented as mean [+ SD]

Table 5. Appropriate VS Under-staffed Shifts and sedation burden.

Sedation burden Appropriate shifts %[n=429]

Under-staffed shifts % [n=44]

P-value

Increase sedation burden
No increase sedation burden

48.2% [n=207]
51.8% [n=222]

59.1% [n=26] 0.17
40.9 [n=18]

No significant difference between appropriate and under-staffed shifts in sedation burden.

Sedation burden: extradoses of sedation or rate change of sedative infusion.

Our study showed no statistically significant difference
between appropriate and under-staffed shifts in sedation
burden with P-value 0.17 [Table 5]

Even after using linear regression to adjust the NEMS score
to account for the severity of the disease and the need for more
sedation there was no statistically significant difference
between appropriate and under-staffed shifts P-value 0.15. In
our cohort group, statistically significant sedation burden in

shifts with higher nurse-patients ratio “one to one or two to one”
vs shifts with lower nurse-patients ratio “one to two” with P-
value 0.0009. [Table 6] statistical difference in sedation burden
between appropriate and under-staffed shifts [day and night]
with P-value 0.32 for the day shifts and P-value 0.34 for the
night shifts. [Table 7] There was no statistically significant
between appropriate and under-staffed shifts in significant
sedation burden with P-value 0.16 [Table §].

Table 6. Nurse-patient ratio and sedation burden.

Sedation burden One to one Two to one % [n=191]

One to two % [n=281]

P-value

Increased sedation burden 58.6% [n=112]

No increased sedation burden 41.4% [n=79]

43% [n=121]
57% [n=160]

0.0009

Statistically Significantly higher sedation burden in shifts with higher nurse-patient “one to one or two to one” vs shifts with “one to two” Sedation burden:

extradoses of sedation or rate change of sedative infusion

Table 7. Appropriate vs Under-staffed shifts [day and night]* and sedation burden *.

Sedation burden Increased sedation burden® No increased sedation burden® P-value
Appropriate shifts %[n=213] * 48.1% [n=104] 51.9% [n=112] 0.32
Under-staffed shifts %[n=22] * 59.1% [n=13] 40.9% [n=9]

Appropriate shifts %[n=213] ** 48.4% [n=103] 51.6% [n=110] 0.34
Under-staffed shifts %[n=22] ** 59.1% [n=13] 40.9% [n=9]

No statistical difference in sedation burden between appropriate and under-staffed shifts [day and night].

*Day Shifts: [7am-7pm] **Night Shifts [7pm-7am]
*Sedation burden: extradoses of sedation or rate change of sedative infusion.
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Table 8. Appropriate vs Under-staffed Shifts and significant sedation burden.

11

Significant sedation burden* Appropriate Shifts [n=429] Under-staffed Shifts [n=44] P-value
Significant increase sedation burden 20% [n=86] 22.7% [n=10] 0.16
No significant increase sedation burden 80% [n=343] 77.3% [n=34]

No statistical difference between appropriate and under-staffed shifts in significant sedation burden
*Significant sedation burden: > 2 extradoses of sedation or > 2 rate changes in sedation infusion
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ROC was done to examine the appropriateness of NEMS
and actual nurse-patient staffing in capturing the severity of
the disease per admit PRISM. We found that our actual
nurse-patient shifts staffed [one to one] was more appropriate
for the severity of the disease per the admit PRISM [AUC =
0.735] [Figure 1]. NEMS staffed shifts [one to one] not
correlating as well with severity of the disease per admit
PRISM [AUC =0.598] [Figure 2].

5. Discussion

This study examined the effect of understaffing on the
amount of sedation given to intubated and mechanically
ventilated patients. The patients received more sedation in
the shifts with higher nurse-patient staffing. As we found that
there was higher sedation burden [extradoses of sedation and
rate change in sedation infusion] in the shifts staffed [one to
one or two to one] than shifts staffed one to two. Otherwise,
there was no statistically significant difference between
under-staffed and appropriately-staffed shifts in sedation
burden. Even when we further examined the shifts for
significant sedation burden [more than two extradoses of
sedation and/or two changes in the sedative infusion] still the
difference was not statistically significant. Also, under-
staffed day versus night shifts had no difference from the
appropriately staffed shifts.

These results were against our hypothesis. It showed that
patients tend to receive more sedation when they have more
nurses assigned to their bedside. It is possible that these
patients were sicker as well, so they needed more nursing
care, and more sedatives were given. We did a linear
regression to account for severity using NEMS but did not
find statistical correlation.

There is a possibility that the group with less nurses who
received less sedation were under-sedated. We don’t rely on
sedation scores to assess our patients need for sedation. We
rather depend on our bedside nurses’ assessment and
experience especially during the different routine daily
nursing activities.

We depend on our charge nurses to determine the day to
day bed staffing. Our secondary hypothesis was that our
charge nurses staffing is as appropriate as NEMS staffing.
We have shown that our charge nurses staffing was more
appropriate for higher acuity patients per admission PRISM
than NEMS. Other than the initial shifts, our charge nurses
staffing was similar to NEMS staffing.

The effect of understaffing was examined on multiple
adult studies and few pediatric studies. Recent systemic
review from Griffith et al, included fourteen studies found
low nurse staffing levels were significantly associated with
higher reports of missed care. [14] Also, another cross-
sectional survey of nurses in the National Health Service
hospitals in UK by Jane et al, showed that most nurses
reported that care is frequently left undone and adversely
affecting quality and safety. [3] In both studies, the “missed
and undone” care mentioned was most frequently:

comforting or talking/ educating patients,
developing/updating nursing plans and appropriate
documentation. A recent survey among ICU nurses in the US
showed that, although staffing levels reportedly did not
influence sedation practices during mechanical ventilation for
most respondents [52.6%], 44.9% of respondents indicated
that they had sedated an intubated patient to complete other
essential nursing functions [15]. In critical care, studies were
consistent with findings in studies of general care population.
A systemic review of literature by Penoyer et al, included 26
studies most of them suggested that decreased nurse staffing
is associated with adverse outcomes in intensive care unit
patient including infections, mortality, postoperative
complications and unplanned extubation [2]. A multicenter
observational study by Neuraz et al, showed risk of death
was increased by 3.5 when patient-nurse was greater than 2.5
[1]. In pediatrics, the studies that examined the effect of
understaffing on patient care are lacking. One study by Ream
et al, showed that in single center pediatric critical care the
likelihood of unplanned extubation was higher with higher
patient-nurse ratios but also with patient acuity-nurse ratio.
[13]

To our knowledge, no published study examined the effect
of understaffing specifically on sedation. Despite the adverse
effect of sedation on patients described in multiple studies
and reviews including systemic review by Mary et al [10].
Some of the adverse events mentioned in the review:
inadequate sedation and pain management, iatrogenic
withdrawal syndrome, unplanned extubation and removal of
any invasive tubes, extubation failure and post-extubation
stridor, Ventilator associated pneumonia and pressure ulcers.
In RESTORE study [Randomized Evaluation of Sedation
Titration fOr Respiratory FailurE] by Curley et al, they found
that the use of nurse-implemented, goal-directed sedation
protocol compared with usual care did not reduce the
duration of mechanical ventilation or other sedation adverse
events [11]. In that study, they did not examine the effect of
nurse-patient ratio on the results.

We acknowledge that our study have several limitations.
This is a single center retrospective study and contains the
risk of inherent biases of retrospective reviews [e.g.,
selection, information] which may limit generalizability.
Also not all of the data may have been captured. Some of the
important missing data, our charge nurses often changed
nurse-patient staffing through the shifts. But the data that we
gathered was never able to capture these changes that
occurred during the shifts only the initial staffing.

We relied on NEMS score to evaluate the appropriateness
of nurse-patient staffing. Monroy et al, reported that NEMS
is simple to use and reflects the therapeutic effort of the
patients admitted to a PICU; however, it only measures those
cares delegated from therapeutic intervention and does not
reflect the basic nursing cares [7, 8]. NEMS is used European
ICU database to stratify levels of care. We examined the
accuracy of NEMS to staff shifts [one to one] with the higher
severity of patients determined by admit PRISM. We found
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that NEMS was less accurate than our actual nurse-patient
staffing in correlating with the severity of patient. Also, our
charge nurses decided the nurse-patient ratio at the beginning
of the shifts. We obtained NEMS retrospectively after all the
interventions was done. There was no possibility of our
staffing to anticipate the possible procedures that would be
done to patients. Which caused most of the early shifts
deemed inappropriately staffed per NEMS. NEMS includes
points for respiratory and cardiovascular support which made
it inaccurate for patients who required extracorporeal support
ECMO [2/36, about 5.5%] as these supports will be provided
primarily through ECMO. Another limitation was as
mentioned earlier, in our unit we don’t utilize any of the
known sedation score to assess the depth of sedation. We
generally relay on the nurses’ assessment which is dependent
on their expertise, training and comfort level.

6. Conclusion

We couldn’t prove that understaffing would be associated
with increase sedation. In our study group, there was increase
sedation administration to patient when they had more nurses
at their bedside. We believe that the group with lower nurse-
patient ratio was under-sedated. It is difficult to know for
sure, as we do not use sedation scores in our unit. Our study
did not investigate the effect of this possible under-sedation
on the outcome.

We did not find NEMS score adequate for staffing of
PICU as it did not correlate well with the patients’ severity as
determined by their admission PRISM score. Also, some
acute changes occurred through shifts and can change the
patient status and their staffing requirement.

We think having an established sedation score and
collecting these scores with the amount of sedation given
during appropriate and under-staffed shifts might help
controlling for some of the variables and give a more
objective method to judge the patients’ depth of sedation.
More studies need to be conducted on the effect of nurse
staffing and the amount of sedation.
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