
Effects of Patient Volume, Staffing,
and Workload on ICU Outcomes

A B S T R A C T  &  C O M M E N T A R Y

The uk neonatal staffing study group performed a
prospective evaluation of a variety of ICU structure measures

and their relationships with ICU outcomes. Tucker sought to deter-
mine which structure variables, mainly patient volume (workload),
nursing provision and consultant staffing, were closely related to the
outcomes, namely mortality, mortality or cerebral damage, and noso-
comial bacteremia. The study involved neonatal ICUs (NICUs).
From a total of 186 NICUs in the United Kingdom, Tucker invited
54 randomly selected ICUs to participate in the study. They had
selected these ICUs to represent a balanced 3 × 2 × 2 design. The
NICUs were classified according to number of low birth weight
infants (< 1500 g) admitted per year in high, medium, and low vol-
umes. The NICUs were further subclassified based on nursing provi-
sion (high, with nursing provision 0.84 times or higher than the
national minimum standard, vs lower than this) and consultant provi-
sion (high and low, with high being more than 1 neonatal specialists
per unit and low being one neonatal consultant only). Thus each
NICU was stratified and assigned to one of the 12 groups. 

Three outcomes were of primary interest. These included hospital
mortality, hospital mortality or major cerebral abnormality of proba-
ble postnatal origin (cystic leukomalacia or porencephalic cyst on
cranial ultrasound arising more than 10 days after birth), and proba-
ble nosocomial bacteremia (first positive blood culture more than 48
h after birth). Attributable hospital deaths excluded lethal congenital
abnormalities, deaths after complex cardiac surgery or organ trans-
plantation, and resuscitated stillbirths. Deaths were attributed to the
hospital of care only if the infant was transferred to that hospital
before 24 h of age, or transferred out of it after that age. 

Tucker used 2 sets of physiologic variables to adjust the patient-
dependant variables. One score based on measurements at birth and
another score based on measurements made 12 hours after birth
were used to adjust for the differing risks that the neonates may
have had for an adverse outcome. Using multiple logistic regression
and other techniques to confirm that the models of risk adjustments
were functioning well, they developed various models to test their
hypothesis after risk adjustment. 
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During the study period, 14,611 consecutive infants
were admitted to these 54 NICUs. Information was avail-
able on 14,343 infants, of whom 13,515 were eligible for
the study and 99% of them had complete data. There
were 393 deaths in the hospital, giving a crude mortality
rate of about 3%. More than 80% of deaths were attribut-
able to participating hospitals. The unadjusted odds of all
outcomes were lower in low volume units.

The unadjusted odds of development of nosocomial
bacteremia were lower in low-volume units than in high-
volume units and in low consultant availability units than
in high-consultant availability units. With the birth or 12 h
model, there were no differences in the odds of any pri-
mary outcomes by study organizational characteristics
(patient volume, nursing provision, or consultant provi-
sion) with the exception of nosocomial bacteremia in rela-
tion to consultant provision. After adjusting for the risk fac-
tors, the odds of developing nosocomial bacteremia were
higher in NICUs with high-consultant availability. Also,
the odds of mortality seemed to rise as occupancy rose and
as nurse-to-infant ratio rose. An analysis of mental health

of the staff, assessed by a self-reported questionnaire,
showed that less than 2% of staff reported mental health
problems (Tucker J. Patient volume, staffing, and workload
in relation to risk-adjusted outcomes in a random stratified
sample of UK neonatal intensive care units: A prospective
evaluation. Lancet. 2002;359[9301]:99-107).

■ COMMENT BY UDAY B. NANAVATY, MD
Assessment of large health care systems has become

increasingly sophisticated with the advent of current tech-
nology. It has become increasingly common for ICUs to
gather large amounts of data, including physiologic or clin-
ical data, in one common platform. Such data are then
combined for several such ICUs to get an assessment of
large health care systems such as in a region, a state, or
perhaps, as in this example, across a whole country. The
study presented here suggests that the outcomes in NICUs
do not really depend upon such ICU structural measures as
volume of at-risk neonates or nursing or physician staffing.
It suggests that workload (ie, how much of the NICU is
occupied and how many patients the nurses are actually
caring for) may be a more important determinant of such
outcomes as mortality or mortality and cerebral damage. 

After analysis of nearly a third of the NICUs in the UK
for more than a year, this study seems to give a clean bill of
health for small NICUs. In the context of drives to central-
ize services under one huge umbrella, or to consolidate
smaller hospitals into one giant medical center, this study
would argue that in fact these smaller NICUs may be per-
forming at par and probably contribute greatly to serving
small rural communities. In fact, this study actually seems
to be raising a red flag for large hospitals with multiple con-
sultants, as the rate of nosocomial bacteremia was higher
for high consultant hospitals after adjusting for risk factors. 

From reading the paper and all the details of the wealth
of data with it, one complex question remains unan-
swered. Low volume NICUs tended not to have taken
patients that required complex cardiac surgery or organ
transplantation. The high volume NICUs took care of
these patients, and their deaths were excluded from analy-
sis. How should we assess the effects of removing such
patient from analysis, with respect to the effect of staffing
and mortality? Does excluding them from analysis make
these NICUs seem to do better by keeping their census up
but lowering the actual mortality? If these deaths were
excluded from analysis, did they contribute to calculation
of staff to patient ratios or occupancy rates? 

Quality of care is an age-old debate in medicine.
Florence Nightingale may have started some of the
debate when she suggested nearly 150 years ago to
improve sanitation in hospitals to reduce mortality and
improve outcome. It was a routine practice in England in
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the late 1800s to collect and publish mortality statistics.
In the United States, the debate about quality of care
grew stronger in the 1980s and currently it is raging as
researchers, policymakers, providers, and payers try to
figure out the best ways and means of evaluating quality
of care. Clinicians always take pride in providing “high-
est quality care.” But it is hard to define what constitutes
quality of care. Following Donabedian’s models, quality
has been assessed in terms of structure, process, and out-
come. It is well known now in adult intensive care litera-
ture that there is something like a “good death.” It may be
that not the ends (mortality in this case) but the means to
the ends (the process of taking care—what happens at
bedside) should be studied in greater detail.

Unfortunately, process—what physicians and other
providers do—is a hard thing to measure. Nonetheless,
to a provider, that is the most important thing to meas-
ure. Because process is hard to measure, researchers
have examined structure and outcome and derived asso-
ciations between them. That may also be a valid
approach for policy makers. For providers and for edu-
cators of the providers, more research needs to be done
in the process part of care. What we do and how we do
it at the bedside will be the next phase of quality of care
research. Hopefully, it will result in improved outcomes
and satisfaction with the measure from the providers’
perspective.   ■

Mild Hypothermia 
Benefits Patients 
Following Cardiac Arrest
A B S T R A C T S  &  C O M M E N T A R Y

Synopsis: Two studies in the same issue of the New
England Journal of Medicine, one from Europe and one
from Australia, show unequivocal improvement in neu-
rologic function with a brief period of mild hypothermia
in comatose patients following cardiac arrest.

Sources: Holzer M (for the Hypothermia after Cardiac
Arrest Study Group). Mild therapeutic hypothermia to
improve neurologic outcome after cardiac arrest. N
Engl J Med. 2002;346:549-556; Bernard S, et al.
Treatment of comatose survivors of out-of-hospital car-
diac arrest with induced hypothermia. N Engl J Med.
2002;346:557-563.

Both of these papers describe clinically appli-
cable methods of using hypothermia for treating

patients who fail to wake up following cardiac arrest.
Both were randomized and succeeded in removing most
of the known confounding variables from the control
groups; both showed remarkable improvements in out-
come as judged by survival and neurological function at
3 to 6 months or hospital discharge. The studies are
similar in using noninvasive surface cooling methods, a
similar goal for duration of hypothermia (18-24 hours),
the same goal for core temperature (32-34°C), and the
use of sedation and relaxants for the treatment period.
Both studies analyzed their patients on an intention-to-
treat basis and found significant benefits of hypother-
mia. They differed in size of the groups studied (275 vs
77 patients), the outcome measures used (Pittsburgh
cerebral-performance categories vs survival to discharge
to home or a rehabilitation facility), the method of ran-
domization (block randomization at each institution vs
even-odd day of the month), the start of hypothermia
(following arrival at the emergency department vs dur-
ing transport to the emergency department), and the
inclusion criteria (any witnessed nonperfusing rhythm
vs ventricular fibrillation).

The larger European, multicenter study produced a
favorable outcome in 55% (75 out of 136) of the
patients treated with hypothermia, as compared to 39%
(54 out of 137) in the normothermic group (odds ratio,
1.40, 1.08-1.81). This means that 6 patients must be
treated to achieve 1 additional good survivor. The sur-
vival at 6 months was also greater following hypother-
mia, 59% vs. 45%. The hypothermic treatment group
did not contain a larger percentage of vegetative indi-
viduals. Sepsis was more likely in the hypothermic
patients; however, this difference did not reach the level
of significance and had no effect on survival. 

In the Australian study, 21 (49%) of the patients treat-
ed with hypothermia, but only 9 (26%) who were not
cooled, were able to care for themselves at discharge (P
= .046). There were only 2 patients left severely disabled
or unconscious, and both were in the normothermic
treatment group. The rest of the difference was due to
increased mortality in the normothermic patients.
Although the number of patients in this study was small,
physiologic variables and confounding conditions were
reported and analyzed. As expected, blood pressure,
pulse, and cardiac index were lower and SVR was high-
er during hypothermia. Biochemical differences seen
included higher glucose and potassium and a slightly
lower pH in the hypothermic patients. Serum creatinine
level and creatine phosphokinase (MB) also tended to be
higher in these patients. There was no difference in inci-
dence of cardiac arrhythmias, and no patient died from a
lethal arrhythmia. Although bleeding and infection have



been reported as complications from hypothermia, nei-
ther of these was more common in the treatment group.
Hemoglobin concentrations, white blood cell counts,
and platelet counts were the same. In multivariate analy-
sis, when factors known to influence outcome such as
age and time to restoration of spontaneous circulation
were taken into account, treatment with hypothermia
remained a significant predictor of survival with an odds
ratio of 5.25 (95% CI; 1.47-18.76; P = .011). 

■ COMMENT BY CHARLES G. DURBIN, Jr., MD
These reports are important because they suggest that

easily applied, mild hypothermia may improve outcome
in coma following cardiac arrest. It appears to do so
without increasing the number of vegetative individuals.
Interest in therapeutic hypothermia increased recently
after a report of a small, poorly controlled study demon-
strated improved outcome following head injury.1 A
larger, prospective study failed to show any improve-
ment in closed-head injured patients,2 and the use of
therapeutic hypothermia is not generally recommended
in these patients. Earlier, use of more profound levels of
hypothermia (28-30°C) following cardiac arrest was
associated with many complications including uncon-
trolled infections, arrhythmias, and bleeding, and no
improvement in survival. The current belief is that pre-
vention of hyperthermia is an appropriate goal in brain-
injured patients and avoiding fever, especially early fol-
lowing injury, is appropriate.

Ten years ago, it was felt that hypothermia was thera-
peutic by reducing brain basal metabolism and that a
flat EEG was needed to provide brain protection. This
metabolic model works well during ischemia, and the
use of agents and conditions that produce a flat EEG are
associated with improved neurologic outcome follow-
ing interruption of brain blood flow. This protection
needs to occur prior to the insult in order to be effective.
It is now recognized that, following brain injury, there is
release of excitatory neurotransmitters that can increase
the death of brain cells. Agents that reduce the release
of these neurotransmitters can improve brain function.
Mild hypothermia is one of these treatments. In all ani-
mal models tested, mild hypothermia following injury is
associated with improved brain survival and less injury.
It is logical that this would be true in humans.

The challenge has been to apply hypothermia in a
timely fashion without increasing risks. In both of the
studies reviewed here, hypothermia was begun shortly
after restoration of spontaneous circulation, and core
temperature was reduced to the desired level within 8
hours. It is important to note that no patient in the
hypothermic treatment group was hyperthermic on

arrival at the emergency room. Cooling was begun dur-
ing transport to the emergency room in both studies. 

The optimal duration of hypothermia remains unre-
solved. The Australian study started rewarming after 12
hours at 32-34°C. Normothermia was achieved in most
patients by 24 hours after resuscitation. The European
study maintained hypothermia for 24 hours before
returning patients to normothermia. It seems that even
the shorter period of cooling was effective.

From these studies, it is reasonable to consider
inducing mild hypothermia in patients who fail to awak-
en following return of spontaneous circulation from car-
diac arrest. With so few effective treatment options, it is
exciting to see such a simple intervention have such a
remarkable effect. The ideal candidates would have a
reversible, primary arrhythmia as the cause of arrest. In
some areas, it may not be practical to begin treatment
on transport to the hospital, but certainly this therapy
should be easily applied in the hospital setting and in-
hospital arrests should be considered for this therapy.

Prevention of shivering was necessary and patients
were sedated and paralyzed. This makes neurologic
examination impossible. Although cardiac depression
and arrhythmia were not limiting factors in these stud-
ies, the potential for cardiac compromise must be kept
in mind. In addition, bleeding and infection are poten-
tial concerns. Further study will be needed to clarify
these risks. They do not seem to be limiting at this time
and should not prevent use of this intervention.   ■

References
1. Marion DW, et al. Treatment of traumatic brain injury

with moderate hypothermia. N Engl J Med. 1997;336:
540-546.

2. Clifton GL, et al. Lack of effect of induction of
hypothermia after acute brain injury. N Engl J Med.
2001;344:556-563.

Special Feature
Applying Heart-Lung
Interactions Physiology to
Assess Fluid
Responsiveness
By Francisco Baigorri, MD, PhD

Volume expansion is used often in critically
ill patients to improve hemodynamics. However,
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volume expansion may be ineffective or even induce
deleterious effects (increasing extravascular lung water).
Thus, the detection of an inadequate cardiac preload
and fluid responsiveness is a cornerstone of cardiovas-
cular therapy.

A thorough understanding of heart-lung interactions
can help us in the decision-making process concerning
volume expansion. Respiration can affect global cardiac
performance through its effects on the determinants of
cardiac function. “The heart works as a pump in the res-
piratory pump.”1 The consequences are affected by the
cardiovascular function and intravascular volume status
of the individual patient.

The objective of this essay is to briefly review some
of the currently available applications of the knowledge
about the integrated behavior of the cardiopulmonary
system for bedside assessment of fluid responsiveness.

Inspiratory Decrease in Right Atrial Pressure
Theoretical background: It is mainly the change in

airway pressure and its transmission to the pleural space
that affects cardiac function. The heart acts like a pump,
which propels blood from the venous reservoir to the
systemic circulation (see Figure 1). Venous return is
determined by the pressure gradient from the upstream
driving pressure in the venous reservoir (mean circula-
tory pressure, Pmc) to the right atrium (Pra) and the
resistance to venous return (Rv).

Guyton et al2 developed a graphic representation of
venous return, which shows the regulation of cardiac
output by the vasculature (see Figure 2). The venous
return curve intercepts the pressure axis at a Pra, which
is equal to Pmc, and the inverse of the slope of the
venous return curve is Rv. When Pra is ≤ 0, large veins
collapse as they enter the thorax, which prevents a fur-
ther increase in venous return with further decreases in
Pra. As for the cardiac function, since venous return
must equal cardiac output in a closed system, the same
graphic parameters could be used for both the cardiac
function and venous return curves. Therefore, a plot of
cardiac output vs. the filling pressures of the right heart,
ie, Pra, representing cardiac function, can be superim-
posed on the same graph as venous return (see Figure
2). However, the heart, as with any other pressure cham-
ber in the body, is subjected to the surrounding pressure,
ie, pericardial or intrathoracic pressures. Thus, the car-
diac function curve must start at a negative value of Pra
since the pleural pressure is slightly negative at the end
of expiration. The intersection point of both curves will
determine the cardiac output and Pra based on the
momentary pumping ability of the heart and the charac-
teristics of the circulation. The transmural pressure of

the heart in this graph is given by the pressure differ-
ence between the Pra with zero cardiac output and the
actual Pra.

With a normal breath, pleural pressure falls, which
means that the heart becomes negative relative to the

Venous
reservoir

AP

RV LV

Pmc

ITP

Figure 1

Schematic view of the circulation as a single circuit with blood flowing

from the heart, through the artery/arteriole (vascular resistance ves-

sels), into the reservoir (small vein/venule), and returning to the heart

through large veins (resistance to venous return). (Pmc, mean circula-

tory pressure; ITP, intrathoracic pressure; RV, right ventricle; LV, left

ventricle; AP, arterial pressure.)

Pra
0

Venous
return

Cardiac
function

1/Rv

Pmc

Figure 2

Superimposition of the cardiac function and venous return curves. The

intersection point of both curves will determine the cardiac output and

atrial pressure based on the momentary pumping ability of the heart

and the characteristics of the circulation. (Pra, right atrial pressure;

Pmc, mean circulatory pressure; Rv, resistance to venous return.)



rest of the body. This is graphically represented as a left
shift of the cardiac function curve (see Figure 3-A). The
shift of the cardiac function curve to the left increases
the gradient for venous return from Pmc to Pra. Thus,
the venous return and cardiac output curves intersect at
a higher value of flow.

It is particularly interesting to observe the response
when the limits of stretch of the pericardium and ventri-
cle are reached below the plateau of the venous return
curve (see Figure 3-B). When this happens, the left shift
of the cardiac function curve does not change Pra or
cardiac output. In this condition, volume expansion,
which would affect the venous return curve by increas-
ing Pmc and therefore shift the venous return curve to
the right, will not increase cardiac output.

It would appear, then, that respiratory changes in
pleural pressure induce greater changes in Pra when the
right ventricle is highly compliant than when it is poorly
compliant. In extreme conditions, spontaneous inspira-
tion-associated increases in Pra reflect severe right ven-
tricle failure and are referred to as Kussmaul’s sign.

Available Data: Assuming that, Magder and col-
leagues3,4 investigated whether the inspiratory decrease
in Pra could be used to predict fluid responsiveness in
patients with spontaneous breathing activity. They
found that it is unlikely that volume loading will
increase the cardiac output in a patient who does not
have an inspiratory fall in Pra, whereas volume loading
will usually increase the cardiac output of patients who
have an inspiratory fall in Pra, even if only by 1 mm
Hg. Added to that, Magder et al documented that this
approach can also be used to predict subsequent
changes in cardiac output in response to increasing lev-
els of PEEP in mechanically ventilated subjects.5

However, these studies do not address the issue of
left ventricular performance. Let us consider the analy-
sis of how the respiratory changes in left ventricular

stroke work to predict fluid responsiveness. Studies on
this topic have focused on the effects of positive-pres-
sure ventilation on left ventricular output.

Respiratory Changes in Pulse Pressure
Theoretical Background: Positive-pressure ventila-

tion induces phasic changes in left ventricular stroke
volume though similar changes in venous return (see
Figure 4). Looking again at Figure 1, systemic venous
return decreases due to increases of Pra from the posi-
tive-pressure breath. This reduction in venous return
will reduce left ventricular filling.

In patients with increased intrathoracic blood vol-
ume, systolic pressure can increase transiently during 2
or 3 heartbeats, as a result of the transfer of the pul-
monary arterial blood volume into the left atrium
increasing left ventricular end-diastolic volume. Later,
as systemic venous return decreases, systolic arterial
pressure decreases below baseline apneic values.6

Conversely, patients with depressed cardiac contractility
and pulmonary vascular congestion often exhibit a
“reverse pulsus paradoxus,” whereby arterial pressure
increases only after a positive pressure-breath.

Ultimately, then, the greater the degree to which the
heart’s stroke volume is dependent of this venous
return, the greater the change in stroke volume over the
breath. However, we should bear in mind that the mag-
nitude of the changes in stroke volume is also a function
of the volume of the tidal breath and the subsequent
increase in intrathoracic pressure.7

Available Data. Based on this logic, Perel and asso-
ciates8,9 studied the systolic pressure variation induced
by a defined positive-pressure breath in animals made
hypovolemic and in heart failure, and in humans. They
demonstrated that the variation of the systolic pressure,
specifically in the form of the decrease in systolic pres-
sure from an apneic baseline, referred as ∆down, identi-

18 May 2002

Pra
0

Venous
return

Cardiac
function

Figure 3-A

The plateau of the cardiac function curve is above that of venous return

curve. Inspiration produces a fall in pleural pressure that shifts cardiac

function curve to the left and results in a rise of cardiac output with a

fall in right atrial pressure.3 (Pra, right atrial pressure.)

Venous
return

Cardiac
function

Pra
0

Figure 3-B

The plateau of the cardiac curve is below that the venous return curve.

The inspiratory shift to the left of the cardiac function curve does not

result in a change in right atrial pressure or a change in cardiac output.

(Pra, right atrial pressure.) Adapted from Madger S, et al.
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fied hemorrhage and was minimized by fluid resuscita-
tion. It has also been reported in sedated and mechani-
cally ventilated patients with sepsis-induced hypoten-
sion10 with a significant relationship between the base-
line value of ∆down and the percent increase in stroke
volume in response to volume expansion.

However, the systolic pressure depends on diastolic
pressure and significant changes in systolic pressure can
be observed independent of changes in stroke volume.11

On the other hand, the arterial pulse pressure (systolic
minus diastolic pressure) is directly proportional to left
ventricular stroke volume. Accordingly, the respiratory
changes in pulse pressure have been recently proposed
as a better predictor of fluid responsiveness.12,13 A pulse-
pressure variation threshold value of 13% allowed dis-
crimination between responder and nonresponder
patients with a positive predictive value of 94% and a
negative predictive value of 96%.13 Moreover, arterial
pulse pressure variation followed a similar response to
aortic flow variation, estimated by transesophageal
pulsed Doppler echocardiography.14

Conclusion
Neither pulmonary artery occlusion pressure nor Pra

predicts with accuracy the response to an intravascular
fluid challenge. Spontaneous ventilation and positive-
pressure ventilatory therapies often complicate this
analysis by dissociating filling pressures from meas-
ured intrathoracic vascular pressure because of both
increasing intrathoracic pressure and cardiac compres-
sion by lung expansion. However, the effects of respi-
ration on cardiocirculatory function, by phasically
altering Pra and venous return, may help us to predict

fluid responsiveness. On the one hand, available data
show that patients with circulatory failure and with
spontaneous breathing activity, who do have a respira-
tory fall in Pra > 1 mm Hg should show an increase in
cardiac output after a fluid challenge. On the other,
patients under mechanical ventilation and with a sys-
tolic pressure variation or pulse pressure variation >
12% will increase cardiac output in response to
intravascular volume challenge.   ■
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CME/CE Questions
6. According to Donabedian, quality of care can be assessed by

looking at:
a. structure, cost, outcome.
b. function, volume, outcome.
c. structure, process, outcome.
d. structure, process, cost.
e. location, staffing, outcome.

7. All the following statements are true about outcome in NICU
according to this paper except:
a. Mortality seems to rise with increasing occupancy rate of the

NICU.
b. No difference in risk adjusted mortality was seen between high

consultant or low consultant NICUs.
c. Nosocomial bacteremia rate was higher after risk adjustment for

units with high consultant staffing.
d. Even after risk adjustments were done, mortality rates were

unduly high for high-volume NICUs.

e. After risk adjustment, no significant difference was noted in
mortality and mortality and cerebral damage between NICUs
with low or high nursing provisions.

8. Hypothermia following cardiac arrest:
a. reduces cardiac injury.
b. increases death due to lethal arrhythmias.
c. improves survival in comatose patients.
d. is not useful more than 2 hours following arrest.
e. results in overwhelming sepsis in many patients.

9. Hypothermia has been shown to be effective following cardiac
arrest:
a. only if core temperature is less than 23°C.
b. in coma following return to spontaneous circulation.
c. in closed head injured patients.
d. in women following cardiac arrest.
e. if used for 24 hours but not for 12 hours.

10. Which of the following statements is true about predicting fluid
responsiveness in a critically ill patient?
a. Both pulmonary artery occlusion pressure and right atrial pres-

sure (Pra) accurately predict the response.
b. Pulmonary artery occlusion pressure but not Pra accurately pre-

dicts the response.
c. Pra but not pulmonary artery occlusion pressure accurately pre-

dicts the response.
d. Neither pulmonary artery occlusion pressure nor Pra accurately

predicts the response.

11. Which of the following statements is true about predicting fluid
responsiveness in a critically ill patient?
a. Mechanically ventilated patients who have a systolic pressure

variation or pulse pressure variation > 12% will increase cardiac
output in response to intravascular volume challenge.

b. Mechanically ventilated patients who have a systolic pressure
variation or pulse pressure variation > 12% will decrease car-
diac output in response to intravascular volume challenge.

c. Spontaneously breathing patients with circulatory failure who
have a respiratory fall in Pra > 1 mm Hg should show an
decrease in cardiac output after a fluid challenge.

d. None of the above
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In Future Issues: Daily Dialysis Improves Outcome

CME/CE Objectives
After reading each issue of Critical Care Alert,

readers will be able to do the following:
• Identify the particular clinical, legal, or scientific

issues related to critical care.
• Describe how those issues affect nurses, health 

care workers, hospitals, or the health care industry
in general.

• Cite solutions to the problems associated with those
issues.
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Techniques for Reducing Pain in the PICU 
Boston Medical program seeks full protocols and compliance

By Julie Crawshaw, CRC Plus Editor

The painfree pediatrics program at boston medical center aims to make pain management a funda-
mental component of pediatric care, educating patients, families, and medical staff in the process. According to

Scot Bateman, MD, who directs the PICU at Boston Children’s Hospital, the program is making major changes in
the way pediatric critical care is practiced. “What’s nice about this push for pain-free pediatric care is it’s changing
our mentality about all procedures,” Bateman says.

Procedural pain, of course, is a part of both routine and acute health care encounters. But assessing the level of a
kid’s pain can be difficult. Bateman says BMC’s nurses and residents now rethink how to best perform pain control
from early on, seeking to understand how patients experience pain through getting more pre-procedural informa-
tion about patient coping mechanisms through parental interviews. That information is then incorporated into both
nonpharmocologic and pharmocologic pain control measures. 

Good Assessment Scales Integral to Lessen Pain
Correctly assessing the PICU patient’s level of pain can be tough. Pediatric patients usually can’t answer “on a

scale of 1-to-10” type questions, so Bateman and his colleagues rely on the two age-appropriate pain assessment
scales on pages 22-23. Table 1 is the Children’s Hospital of Eastern Ontario Pain Scale (CHEOPS), and Table 2 is
the Riley Infant Pain Scale.

Bateman’s group has also written a set of protocols (see Table 3) for nonpharmacological pain interventions,
which are noninvasive strategies he says increase comfort, improve coping, and give children a sense of control.
“Either alone or in conjunction with pain medication, these strategies are proven successful for the reduction of
pain and the associated anxiety,” Bateman says. “They promote parental involvement and are very safe and easily
accessible by all members of the health care team.”

Finally, the PainFree group has created a systematic approach to administering analgesics that uses a checklist of
different medications useful for different procedures like the nurse-driven protocol. (See Table 4.). 

Whether the procedure is putting in central lines or chest tubes for intubation, Bateman says all members of his
PICU care team focus on making it as pain free as possible. “It requires a concerted, conscious effort to think about
how to do procedures in the least painful way every time,” Bateman says, “We want to make sure that every arterial
line that’s done in our hospital follows the pediatric pain-free protocols.” To obtain a copy of the
PainFreeguideline.doc, please contact Bateman at the e-mail below.

(For more information contact Scot Bateman, MD, at [617] 355-7327 or e-mail him at scot.bateman@BMC.org.)
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Table 1

CHEOPS—Children’s Hospital of Eastern Ontario Pain Scale

CHEOPS 
Items Behavior Score Definition

Cry No cry 1 Child is not crying

Moaning 2 Child is moaning or quietly vocalizing, silent cry

Crying 2 Child is crying, but the cry is gentle or whimpering

Scream 3 Child is in full-lunged cry; sobbing; may be scored with complaint or without complaint

Facial Composed 1 Neutral facial expression

Grimace 2 Score only if definite negative facial expression

Smiling 0 Score only if definite positive facial expression

Verbal None 1 Child is not talking

Other Complaints 1 Child complains, but not about pain, e.g. “ I want mommy” or, “I am thirsty”

Pain complaints 2 Child complains about pain

Both complaints 2 Child complains about pain and about other things “ It hurts; I want mommy.”

Positive 0 Child makes positive statement about things without complaints

Torso Neutral 1 Body (not limbs) is at rest; torso is inactive

Shifting 2 Body is in motion in a shifting or serpentine fashion

Tense 2 Body is arched or rigid

Shivering 2 Body is shivering or shaking involuntarily

Upright 2 Child is in a vertical or upright position

Restrained 2 Body is restrained

Touch Not Touching 1 Child is not touching or grabbing at wound

Reach 2 Child is reaching for but not touching wound

Touch 2 Child is gently touching wound or wound area

Grab 2 Child is grabbing vigorously at wound

Restrained 2 Body is restrained

Legs Neutral 1 Legs may be in any position but are relaxed; including gentle swimming or serpentine-like 
movements

Squirming/kicking 2 Definitive uneasy or restless movements in the legs and/or striking out with foot or feet

Drawn up/tensed 2 Legs tensed and/ pulled up tightly to body and kept there.

Standing 2 Standing, crouching or kneeling

Restrained 2 Child’s legs are being held down

Total (4-13)

The CHEOPS has been validated for use in rating post-operative pain in young children (1 to 7 years). Boston Medical Center also uses

CHEOPS to measure procedural pain. The CHEOPS can be used for younger children (< 5 years of age) who may not be able to reliably

self-report their pain. Pain scores can be evaluated at various points in time to evaluate the effects of analgesics and other pain manage-

ment interventions.

Adapted from: McGrath PJ, et al. CHEOPS: Behavioral scale for rating postoperative pain in children. In: Fields HL, et al, eds. Advances

in Pain Research and Therapy. New York, NY: Raven Press; 1985.
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Table 2

Riley Infant Pain Scale Assessment Tool 

Process for use:

1. Assess the infant prior to and post-painful events, during painful procedures, prior to and after the use of interventions such as sucrose, swaddling,

holding, medications. 

2. Document changes in Score—ex. 12/18 pre-sucrose, 6/18 post sucrose.

Points 0 1 2 3

Facial Neutral/ Frowning/ Clenched Full cry expression
Smiling Grimacing teeth

Body Calm, relaxed Restless/ Moderate Thrashing, flailing
Movement Fidgeting agitation or incessant agitation

moderate or strong voluntary
mobility immobility

Sleep Sleeping Restless while Sleeps Sleeping for
quietly with asleep intermittently prolonged periods
easy (sleep/wake) of time interrupted
respirations by jerky

movements OR
unable to sleep

Verbal/vocal No cry Whimpering/ Pain crying Screaming, high-pitched
complaining cry

Consolability Neutral Easy to Not easy to Inconsolable
console console

Response to Moves easily Winces when Cries out when High-pitched cry
movement touched/moved moved/touched or scream when

touched or moved

Adapted from: Schade JG, et al. Comparison of three preverbal scales for postoperative pain assessment in a diverse pediatric sample. J Pain Symptom 
Manage. 1996;12(6):348-359.

Table 3

Nonpharmacological Interventions for Managing Pain

Nonpharmacological interventions include approaches to pain management that do not involve medications. They are noninvasive strategies that 
increase comfort, improve coping and give children a sense of control. Either alone or in conjunction with pain medication, these strategies are proven 
successful for the reduction of pain and the associated anxiety. In an attempt to offer Family Centered Care, these techniques promote parental involve-
ment and satisfaction. Non-pharmacological techniques are very safe and easily accessible by all members of the health care team.

Method Developmental Stages

Infants Toddler Preschool School-age Adolescent

Art, Play, & Music X X X X X

Breastfeeding X

Choices & Control X X X X

Deep Breathing X X X

Deep Pressure 
and Massage X X X

Distraction X X X X X

Environment X X X X X

Guided Imagery X X

Medical Play X X X X

Non-nutritive 
Sucking X

Positioning X X X X X

Post Procedural 
Comforting X X X X X

Parental Involvement X X X X X*

Preparation X** X*** X X X

Relaxation X** X*** X X X

Skin to Skin Contact X

Swaddling X X

Warm Packs X X X X X

*Involve parents with permission from child

**Provide information for parents

***Provide information for parents and appropriate interventions for child



Attention Readers
American  Heal th  Consul tan ts  i s  happy to

announce that we are opening up our Primary
Care Reports author process to our readers. A
biweekly newsletter with approximately 5000
readers, each issue is a fully referenced, peer-
reviewed monograph. 

Monographs range from 25-35 Microsoft Word
document, double-spaced pages. Each article is
thoroughly peer reviewed by colleagues and physi-
cians specializing in the topic being covered. Once
the idea for an article has been approved, deadlines
and other details will be arranged. Authors will be
compensated upon publication. 

As always, we are eager to hear from our read-
ers about topics they would like to see covered in
future issues. Readers who have ideas or propos-

als for future single-topic monographs can con-
tact Managing Editor Robin Mason at (404) 262-
5517  o r  (800)  688-2421  o r  by  e -ma i l  a t
robin.mason@ahcpub.com.

We look forward to hearing from you.   ■

Readers are Invited. . .
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ments on material seen in or relevant to Critical
Care Alert. Send your questions to: Robin Mason,
Critical Care Alert , c/o American Health
Consultants, P.O. Box 740059, Atlanta, GA 30374.
For subscription information, you can reach the edi-
tors and customer service personnel for Critical
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robin.mason@ahcpub.com.   ■
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Table 4

Nurse-Driven Protocol for Procedural Pain Management

When an MD or NP writes for “PainFree Measures per Protocol” the following orders may be carried out. Protocol management means that the nurse will

choose and administer pharmacologic and nonpharmacologic measures according to this guideline considering age, developmental level, type of procedure

and medication characteristics. Documentation of the method chosen and the outcome should be written in the medical record.

1) Sucrose: 0.2-2cc (depending upon gestational age) PO × 1 dose given 2 minutes prior to procedure for patients up to 3 months of age

Gestational age Dose

< 28 weeks 0.2 cc swabbed into mouth

28-32 weeks 0.2-2 cc depending upon suck/swallow

> 32 weeks 2 cc

2) EMLA Cream: apply to skin at least 1 hour before needlestick or circumcision*

24 hour dosing guidelines

Age and Weight Maximum Dose Maximum Application Time

0 to 3 months OR up to 5 kg** 1 g 1 hour

3 to 12 months AND greater than 5 kg 2g 4 hours

1 to 6 years AND greater than 10 kg 10g 4 hours

7 to 12 years AND greater than 20 kg 20g 4 hours

*for infants > 3 mon or 5 kg EMLA works best when left on for at least 2 hours before IM injections.

**must be at least 32 weeks gestation to use EMLA

3) ELA-Max Cream: apply to skin at least 30-45 minutes prior to needlestick

May use with or without an occlusive dressing.

Age and Weight Maximum Dose/ Application Area Maximum Application Time

Older than 1 yr AND less than 10 kg < 100 cm2 (4 × 4 in) 1 hour

1 to 6 years AND 10 - 20 kg < 200 cm2 (5.5 × 5.5 in) 2 hours

7 to 12 years AND greater than 20 kg < 600 cm2 (9 × 9 in) 2 hours

4) Numby Stuff: 1 cc of Iontocaine™ or lidocaine 2% with epinephrine 1:100,000 by iontopheresis prior to procedure for children older than 1 year of age

5) Vapocoolant spray: Spray on skin (up to 10 seconds for Ethyl Chloride™, Fluori-Methane™, or 

2-3 seconds for Fluro-Ethyl™) immediately prior to needlestick.



The world will have to wait a while longer
for a cure for the common cold. In mid

March, the FDA’s Antiviral Drugs Advisory
Committee voted to not endorse the approval of
pleconaril, ViroPharma and Adventis’ antiviral
drug for inhibiting picornaviruses, the most
common cause of the common cold. The drug
has been available on an open-label basis since
1996 to treat severe infections caused by picor-
naviruses. But studies have shown that the
effect on the common cold is modest, shorten-
ing the duration of symptoms only 0.5 to 1.5
days. More importantly, the drug has been
shown to have significant side effects, including
increase menstrual bleeding and the drug inter-
actions with some asthma medications. Finally,
the committee was also concerned about the
selection of resistant viruses with overuse of the
drug. ViroPharma may continue research with
the drug to establish a safety profile, and try
resubmitting in the future.

Statins Reduce Fracture Risk in Elderly 
A new study shows that statins are associated

with a reduction in fracture risk in older women,
even though the drugs do not seem to increase
bone mineral density (BMD). Researchers in
Australia look at the history of statin use in 1573
women with a history of fractures and 800
matched women without fracture with an average
age of 70 years old. After controlling for medica-
tion use and lifestyle factors, statin use resulted in
odds ratio for fracture of 0.40. Even after adjusting
for BMD at the femoral neck, spine, and whole
body, the odds ratios were essentially unchanged.
The reason for these findings is unclear, but the
researchers suggest that statins may have an effect
on bone architecture or may reduce the rate of
fracture by some other, yet unknown, mechanism

(Arch Intern Med. 2002;162:537-540). 

Levofloxacin Resistance Shown in Study
Levofloxacin is quickly becoming one of the

most widely used antibiotics in the country for
the treatment of community-acquired pneumonia.
Almost predictably, Canadian researchers have
recently identified 4 adult patients who failed
treatment with levofloxacin and eventually grew
levofloxacin-resistant Streptococcus pneumoniae
from sputum or blood cultures (N Engl J Med.
2002;346:722, 747-750). Pneumococcal resistance
has also become a serious problem in children as
well. Surveillance of pneumococcal isolates from
children between 1993 and 1999 showed a marked
increase in resistance to several antibiotics over
those 6 years. Penicillin resistance increased from
4% to 15% while resistance to ceftriaxone
increased from 0.5% to 2%. One-third of children
had received antibiotic in the 30 days prior to
diagnoses with resistant pneumococcal disease.

Claritin Could Become OTC
Loratadine (Claritin) may be available over-

the-counter (OTC) before the end of the year. In a
dramatic shift from the company’s previous
stance, Schering-Plough has asked the FDA for
permission to market all strengths of loratadine
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as over-the-counter products. Less than 1 year
ago, the FDA independently considered moving
loratadine, as well as 2 other nonsedating antihis-
tamines, to OTC status, a move that Schering-
Plough vigorously opposed. However, the drug
now faces an impending patent expiration in
December. Claritin generated $3.2 billion in sales
for Schering-Plough last year, which represented
about a third of the company’s total sales. The
company, in hopes of recovering much of that
lost revenue, has also introduced desloratadine,
the active metabolite of loratadine to great fanfare
under the trade name Clarinex. If desloratadine is
a winner, the company hopes to control both the
prescription market with its new product, and
the OTC market with loratadine. Meanwhile,
generic houses are lining up to produce a generic
version of loratadine, which could be available as
early as December 2002.

Ramipril Might Have Additional Benefits
The ACE inhibitor ramipril may have benefits

beyond blood pressure lowering in patients who
are at risk for stroke. A review of more than 9000
patients in the Heart Outcomes Prevention
Evaluation (HOPE) trial revealed that patients
treated with ramipril were 32% less likely to
experience a stroke than those who received
placebo. Patients in the trial were all at high risk
for cerebrovascular disease, having pre-existing
cardiovascular disease or diabetes plus other risk
factors. Patients were randomized to either
placebo or ramipril 10 mg per day, after a run-in
period of several weeks, and they were followed
for 4.5 years. Not only was the rate of stroke
reduced by one third, but also ramipril resulted
in a decreased risk of fatal stroke of nearly two
thirds (61%). Curiously, patients in the ramipril
group showed only modest blood pressure low-
ering (3.8 mm Hg systolic and 2.8 mm Hg dias-
tolic), and the authors and others conjecture that
the protective effective ramipril may go beyond
its blood pressure lowering properties. The
authors also suggest that this may be a class effect
of ACE inhibitors. An accompanying editorial
conjectures that ACE inhibitors may decrease
oxidative stress and decrease proliferative and
inflammatory responses in atherosclerotic
plaques. They also suggest that the effect of ACE
inhibitors is additive to that of aspirin in prevent-
ing stroke (BMJ. 2002;324:699-702, 687-688).

Losartan More Effective Than Atenolol
In a head-to-head study of losartan vs.

atenolol, the angiotensin II receptor blocker
losartan was shown to be more effective at
reducing cardiovascular mortality and morbid-
ity than the beta-blocker atenolol. In a multina-
tional trial of more than 9000 patients aged
55-80 with hypertension and left ventricular
hypertrophy (LVH), patients were randomized
to losartan or atenolol-based antihypertensive
treatments for 4 years. The blood pressure low-
ering effect of both medications was similar,
approximately 30 mm HG drop in systolic pres-
sure and a 16.5 mm Hg drop in diastolic pres-
sure for both drugs. The primary composite end
point (cardiovascular death, myocardial infarc-
tion, or stroke) was lower in the losartan group
(23.8 per 1000) compared with the atenolol
group (27.9 per 1000). The death rate and rate of
nonfatal or fatal stroke was lower with losartan,
while the rate of myocardial infarction was
slightly higher with losartan although not sta-
tistically significant. Interestingly, the rate of
new onset diabetes was 25% lower in patients
taking losartan. The authors point out that this
study does not condemn beta-blockers, with
studies showing the drugs reduce cardiovascu-
lar event by 45% vs. placebo. They also point
out that the beneficial effects of losartan may be
incremental and additive to the benefits of beta-
blockers in preventing cardiovascular disease,
and that the drugs may, and perhaps should, be
used together in these patients. However, the
study also showed that losartan was better tol-
erated than atenolol (Lancet. 2002;359:995-1003).
A related study from the same journal com-
pared losartan to atenolol in patients with
hypertension and diabetes. Nearly 1200 patients
with diabetes, hypertension, and LVH were ran-
domized to losartan or atenolol-based treatment
regimens. Again, a pressure reduction was simi-
lar in both groups. The primary end points (car-
diovascular disease, stroke, or myocardial
infarction) occurred in 103/586-losartan group
vs. 139/609 atenolol group (relative risk, 0.76).
All-cause mortality was significantly lower in
the losartan group, as was cardiovascular mor-
tality (relative risk, 0.63 and 0.61, respectively).
The authors of the study conclude that losartan
is more effective than atenolol in reducing car-
diovascular morbidity and mortality in patients
with hypertension and diabetes with LVH. As
in the previous study, the authors also conclude
that the benefits of losartan seem to be more
than just an antihypertensive effect (Lancet .
2002;359:1004-1010).   n
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