|-
View metadata, citation and similar papers at core.ac.uk brought to you byE’ CORE

provided by Erasmus University Digital Repository

s LR s
Nutrition 21 (2005) 192-198

ELSEVIER www.elsevier.com/locate/nut

Applied nutritional investigation

Adequate feeding and the usefulness of the respiratory quotient in
critically ill children

Jessie M. Hulst, M.D.*®, Johannes B. van Goudoever, M.D., Ph.D®,
Luc J. Zimmermann, M.D., Ph.D®, Wim C. Hop, M.Sc, Ph.D¢, Hans A. Biiller, M.D., Ph.Db,
Dick Tibboel, M.D., Ph.D?, Koen F. M. Joosten, M.D., Ph.D®*

* Department of Pediatric Surgery, Erasmus MC, Sophia Children’s Hospital, Rotterdam, The Netherlands
b Department of Pediatrics, Erasmus MC, Sophia Children’s Hospital, Rotterdam, The Netherlands
¢ Department of Biostatistics and Epidemiology, Erasmus MC, Rotterdam, The Netherlands

Manuscript received October 24, 2003; accepted May 26, 2004.

Abstract Objective: We determined incidences of underfeeding and overfeeding in children who were
admitted to a multidisciplinary tertiary pediatric intensive care and evaluated the usefulness of the
respiratory quotient (RQ) obtained from indirect calorimetry to assess feeding adequacy.
Methods: Children 18 y and younger who fulfilled the criteria for indirect calorimetry entered our
prospective, observational study and were studied until day 14. Actual energy intake was recorded,
compared with required energy intake (measured energy expenditure plus 10%), and classified as
underfeeding (<90% of required), adequate feeding (90% to 110% of required), or overfeeding
(>110% of required). We also evaluated the adequacy of a measured RQ lower than 0.85 to identify
underfeeding, and an RQ higher than 1.0 to identify overfeeding.

Results: Ninety-eight children underwent 195 calorimetric measurements. Underfeeding, adequate
feeding, and overfeeding occurred on 21%, 10%, and 69% of days, respectively. An RQ lower than
0.85 to identify underfeeding showed low sensitivity (63%), high specificity (89%), and high
negative predictive value (90%). An RQ higher than 1.0 to indicate overfeeding showed poor
sensitivity (21%), but a high specificity (97%) and a high positive predictive value (93%). Food
composition, notably high-carbohydrate intake, was responsible for an RQ exceeding 1.0 in the
overfed group.

Conclusion: Children admitted to the intensive care unit receive adequate feeding on only 10% of
measurement days during the first 2 wk of admission. The usefulness of RQ to monitor feeding
adequacy is limited to identifying (carbohydrate) overfeeding and excluding underfeeding. © 2005
Elsevier Inc. All rights reserved.
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Introduction

Nutritional support is essential in the care of critically ill
children because inadequate feeding can increase morbidity
and mortality rates [1]. Critically ill children who receive
adequate nutritional support have shown significant im-
provement in physiologic stability and outcome [2,3]. Fur-
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ther, the goal of supporting critically ill children is not only
to restore a normal functioning level but also to meet the
requirements for growth and development. Thus clinicians
in the pediatric intensive care unit (ICU) are challenged to
provide adequate energy for optimal tissue synthesis and
immune function and avoid complications of overfeeding.

The major problem in clinical practice is to define nutri-
tional requirements for critically ill children because de-
mands range widely, with altered metabolic states deter-
mined by a child’s age, state of health, and nutritional status.
Moreover, metabolic responses may greatly vary, depend-
ing on the nature of the injury and the variability of the
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individual response to the same type of injury [4,5]. Be-
cause standard feeding protocols do not provide for inter-
individual differences in energy requirements and because
the available prediction equations are inadequate for calcu-
lating energy needs in critically ill children, these children
are more vulnerable to complications that arise from under-
feeding or overfeeding.

Therefore, it is important to monitor whether children
admitted to an ICU are adequately fed. Indirect calorimetry
provides a method that can help in this matter. In studies in
adults, feeding adequacy was determined by the ratio of
energy intake (EI) to measured energy expenditure (MEE)
plus 10% for activity [6]. A second parameter derived from
indirect calorimetry is the respiratory quotient (RQ), which
is the ratio of carbon dioxide produced to oxygen consumed.
The role of the RQ as a marker of substrate use is contro-
versial in critical illness because the body’s ability to use
nutrient substrates may be altered. Moreover, the clinical
usefulness of the RQ as an indicator of underfeeding or
overfeeding has been found to be limited in adult critically
ill patients due to its low sensitivity and specificity [7].
McClave et al. [7] concluded that its clinical usefulness is
restricted to a marker of test validity and a marker of
respiratory tolerance of the nutritional support regimen.
Previous studies among critically ill children using indirect
calorimetry have not specified criteria for adequate feeding;
the only criterion specified to define overfeeding is a mea-
sured RQ higher than 1.0 [4,8].

We developed this study with two objectives: 1) to de-
termine incidences of underfeeding and overfeeding in a
heterogeneous cohort of children who had been admitted to
the pediatric ICU of our level III children’s hospital, based
on the criterion used in adults, and 2) to evaluate whether
the RQ could be used to monitor whether these children
were adequately fed.

Materials and methods
Subjects

Over a 1-y period (2001) children 18 y and younger who
had been admitted to our level III multidisciplinary pediatric
or surgical ICU with an expected stay of at least 48 h were
studied repeatedly by indirect calorimetry during the first
14 d of admission. The institutional review board of the
Erasmus MC (Rotterdam, The Netherlands) approved the
study protocol, and written (parental) informed consent was
obtained before subjects entered the study. Exclusion crite-
ria for this study were withholding or withdrawing of treat-
ment and inclusion into a nutritional intervention study. In
addition, children were excluded if they did not fulfill the
inclusion criteria for indirect calorimetric measurements.
The following inclusion criteria had to be satisfied for in-
direct calorimetry in ventilated children: 1) mechanical ven-
tilation with a Servo Ventilator 300 (Siemens-Elema, Solna,

Sweden); 2) inspired oxygen fraction less than 60%; 3) tube
leakage less than 10% (considered not to significantly affect
the measurements; determined by comparing inspired with
expired tidal volumes measured by the ventilator, assuming
an absence of air leaks in the circuit between patient and
ventilator) [9]; and 4) a hemodynamically stable condition
(within two standard deviations of age-related values for
blood pressure and heart rate) [10]. Non-ventilated children
who received supplementary oxygen were excluded from
the measurements because of the technical issues involved.

Clinical data collected included age, sex, weight, primary
diagnosis, surgical status, days on mechanical ventilation,
length of stay in the ICU, route of nutritional support, and
El Severity of illness on admission was assessed by the
Pediatric Risk of Mortality score [11]. Weight was mea-
sured on each measurement day according to the methods
described by Gerver and De Bruin [12].

Energy expenditure

Indirect calorimetric measurements were started as soon
as technically possible after admission to the ICU and con-
tinued on each subsequent day in respiratory or canopy
mode, depending on the child’s need for mechanical venti-
lation. Oxygen consumption, carbon dioxide production,
and RQ standardized for temperature, barometric pressure,
and humidity were measured with the Deltatrac II MBM-
200 (Datex Division Instrumentarium, Helsinki, Finland)
metabolic monitor, and MEE was calculated with the mod-
ified Weir’s formula [13]. The properties of the Deltatrac
metabolic monitor have been described previously [14].
Before each study, the calorimeter was calibrated with a
reference gas mixture (95% O,, 5% CO,; Datex Division
Instrumentarium). Data for the first 5 min were routinely
discarded to exclude artifacts that arose during connection
of the calorimeter to the patient. Measurements in the ven-
tilated children lasted at least 2 h. Measurements in non-
ventilated children lasted at least 20 min. Placed in an
airtight transparent plastic canopy, these children were
sleeping or quietly resting in supine position and had not
been exposed to diagnostic or therapeutic procedures in the
previous 30 min. Flow range and canopy size were in
conformity with the manufacturer’s instructions. Measure-
ment results in canopy mode were used in the analysis only
if steady states in O, and CO, concentrations had been
obtained. Steady-state criteria were defined as a coefficient
of variation of oxygen consumption and carbon dioxide
production levels no greater than 10% for at least 15 min.

Energy intake

Children were enterally and/or parenterally fed on the
guidance of the current feeding protocol and the judgment
of the physician clinically responsible for a particular child,
independent of the study. During the first 12 to 24 h, a
glucose infusion was given. Fluid and electrolyte intakes
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were adjusted to individual requirements. For neonates, the
amount of enteral or parenteral feeding was increased in
accordance with increasing fluid intake until the amount
was 150 to 180 mL - kg~ ' - d~ ' at day 7. If enteral feeding
could not be started on the second day, total parenteral
feeding was started within 24 to 48 h after admission by
peripheral infusion or by a central venous line (Intralipid
20%, Pharmacia Upjohn, Woerden, The Netherlands;
Primene 10% [body weight = 5 kg), Clintec Baxter, Mis-
sissauga, Canada; Aminovenos N-paed 10% [body weight
> 5 kg], Fresenius, Hertogenbosch, The Netherlands). On
the first day of parenteral feeding, amounts of protein and
fat were 50% of the desired intake according to hospital
practice (1 to 2.4 g-kg '-d 'and2to 4 g-kg ' -d !,
respectively, depending on age). Enteral feeding was started
as soon as possible in all children, continuously or intermit-
tently, through a nasogastric tube (drip or bolus) or naso-
duodenal tube (drip), consisting of human milk or standard
formula according to the parents’ preference (Nenatal for
preterm neonates, Nutrilon Premium for children younger
than 1 mo, Nutrison Pediatric Standard for children ages 1
mo to 1y, and Nutrison Multi Fiber for children older than
1 y; Nutricia, Zoetermeer, The Netherlands).

Actual total daily EI (kcal/d) was determined by patient-
intake records on the day of calorimetry, after which EI/
MEE could be calculated. We corrected for additional pro-
tein calories from sources such as plasma and/or albumin
infusions and for extra carbohydrate calories from medica-
tion solutions. Els on the day of admission and the day of
discharge were extrapolated to a 24-h intake. To determine
the composition of feeding, an RQ of administered macro-
nutrients was obtained from the modified Lusk table after
determining the ratio of carbohydrate to fat for the total
non-protein calories of the nutrients [15].

Energy requirements (kcal/d) were defined as MEE
plus 10% for patient activity related to nursing care
(110% of MEE) as used by McClave et al. in critically ill
adults [6]. As a consequence, the degree of feeding was
defined as EI/(MEE + 10%). Underfeeding was defined
as a ratio lower than 90%, adequate feeding as a ratio of
90% to 110%, and overfeeding as a ratio higher than
110%. The adequacy of feeding as classified by EI/(MEE
+ 10%) was compared with the classification based on
the measured RQ [7]. With the measured RQ, underfeed-
ing was defined as an RQ lower than 0.85 and overfeed-
ing as as RQ higher than 1.0. We calculated the speci-
ficity, sensitivity, positive predictive value, and negative
predictive value of measured RQ values lower than 0.85
and higher than 1.0 to correctly identify underfeeding and
overfeeding, respectively.

Statistical analysis
Statistical analyses were performed with SPSS 11.0 for

Windows (SPSS, Inc., Chicago, IL, USA). Results are ex-
pressed as mean = standard error of the mean or as median

Table 1
Patient characteristics and diagnostic information*

Total group
(n = 98)

Male/female’ 50/48
Age at admission 145d(0dto 152y)

Length of stay (d) 7 (2-314)
Days on mechanical ventilation 3(0-47)
PRISM score at admission 12 (0-38)
Diagnostic groups’™
Congenital anomalies 36
Postnatal problems® 14
Postoperative monitoring 16
Sepsis or meningitis 10
Respiratory illness! 15
Other 7
Surgical/non-surgical 45/53

PRISM, Pediatric Risk of Mortality

* Values expressed as median (range), except when indicated otherwise.
* Expressed as numbers.

* Predominant diagnoses.

¥ Includes asphyxia, meconium aspiration, and infection.

I'ncludes pneumonia and rs-bronchiolitis.

and range. To allow optimally for the variable number of
measurement days and take into account between- and with-
in-patient variations, repeated measures analysis of variance
(PROC MIXED, SAS, Cary, NC, USA) was used to com-
pare mean values and examine relations between various
parameters. This analysis was used to examine relations
between RQ and various clinical factors (day after admis-
sion, EI/MEE, RQ of administered macronutrients, carbo-
hydrate intake [mg - kg~ ' - min~'], fat intake [g - kg™’ -
d™'1, route of feeding [enteral, parenteral, or combination],
age, and Pediatric Risk of Mortality scores). Two-tailed P
values lower than 0.05 were considered statistically signif-
icant.

Results
Clinical characteristics

One hundred twelve children were eligible for this study.
However, 14 children were excluded from analysis because
of invalid results (e.g., did not reach steady state) or incom-
plete nutritional data. Thus 98 children comprised the final
study group, and their clinical characteristics at admission
are presented in Table 1.

A total of 195 measurements, 83 in canopy mode and
112 in respiratory mode, were performed. In 49 children
(50%), more than one valid indirect calorimetric measure-
ment could be obtained during the first 14 d of admission.
Measurement characteristics are listed in Table 2. Because
additional protein and carbohydrate losses from wounds or
drained pleural and peritoneal effusions were not significant
on the measurement days, these were not adjusted for in the
EI calculations.
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Table 2
Characteristics of indirect calorimetric measurements and days on which
the measurements were performed*

All measurements

(n = 195)

Measurement mode: canopy/respiratory 83/112 (43/57)
Day of measurement

Respiratory mode 2 (0-14)

Canopy mode 4 (0-14)

Total 4 (0-14)
Day of first measurement 2 (0-14)
No. of measurements/child 2 (1-7)

Duration of measurements (min)

Respiratory mode 119 (60-794)

Canopy mode 24 (15-47)
Medication

Sedatives 112 (57)

Cardiotonics 15 (8)

Muscle relaxants 8 (4)
Ventilator characteristics

Tube leakage (%) 1 (0-10)

PRVC/VS/PS
Nutritional support

79/32/1 (71/28/1)

Parenteral nutrition 38 (19)F
Parenteral plus enteral nutrition 80 (41)
Enteral nutrition 77 (40)

PRVC, pressure-regulated volume control; PS, pressure support; VS,
volume support.

* Values are expressed as median (range) or numbers (%).

 Five children received a glucose infusion exclusively.

For the total study population, the mean EI/MEE in-
creased with increasing time in the ICU (Fig. 1), with 8.1 =
1.2% per day (P < 0.001). Altogether, EI was lower than
MEE on 21% (41 of 195) of measurement days and higher
than MEE on 79% of days.
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Fig. 1. Relation between ratio of energy intake to MEE and day after
admission. Data points (n = 195) with fitted regression line were generated
by repeated measures analysis of variance. The area between the dashed
lines indicates the reference range for adequate feeding, defined as 90% to
110% of the ratio of energy intake to MEE + 10%. MEE, measured energy
expenditure.
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Fig. 2. Relation between ratio of energy intake to MEE and measured RQ.
Data points (n = 195) with fitted regression line were generated by
repeated measures analysis of variance. The area between the dashed lines
indicates the reference range for adequate feeding according to measured
RQ. MEE, measured energy expenditure; RQ, respiratory quotient.

The positive relation between EI/MEE and measured RQ
was highly significant, as shown in Fig. 2 (P < 0.001).
Three other clinical factors were independently related to
RQ. In addition to EI/MEE, positive relations were found
with day after admission (P = 0.0001), EI/MEE (P <
0.001), and carbohydrate intake (P = 0.003). A negative
association was found for fat intake (P < 0.001). Route of
feeding, age, and Pediatric Risk of Mortality score at ad-
mission were not significantly related to RQ.

Sensitivity, specificity, and positive and negative
predictive values of RQ

Underfeeding, adequate feeding, and overfeeding were
noted on 21%, 10%, and 69% of measurement days, respec-
tively. Table 3 presents the relation between the classifica-
tion based on measured RQ and the degree of feeding by all
measurements (n = 195). Using a measured RQ lower than
0.85 to identify underfeeding had a low sensitivity of 63%
and a specificity of 89%. The positive predictive value was
60%, and the negative predictive value was 90%. Using a

Table 3
Measured RQ in relation to degree of feeding*

Degree of feeding (n = 195) Measured RQ

<0.85 0.85-1.0 >1.0
Underfeeding (n = 40) 25 (63) 14 (35) 1(2)
Adequate feeding (n = 20) 5(25) 14 (70) 1(5)
Overfeeding (n = 135) 12.(9) 95 (70) 28 (21)

RQ, respiratory quotient
* Data represent numbers of measurement days (%).
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measured RQ higher than 1.0 to identify overfeeding had a
poor sensitivity of 21% and a specificity of 97%. The
positive predictive value was 93%, and the negative predic-
tive value was 35%.

Similar values for sensitivity, specificity, positive predictive
value, and negative predictive value were found when mea-
surements were broken down according to admission day.

Discrepancies between criteria

Comparison of the days with underfeeding (n = 40) with
and without a measured RQ lower than 0.85 showed that
mean carbohydrate intake was significantly lower on days
with an RQ lower than 0.85. Comparison of days with
overfeeding (n = 135) with and without an RQ higher than
1 showed that EI/MEE did not significantly differ, whereas
significantly higher mean carbohydrate intakes (P = 0.007)
and significantly lower mean fat intakes (P = 0.018) were
registered for those with an RQ higher than 1.0. Only on 2
of the 30 measurement days with an RQ higher than 1.0, no
overfeeding occurred; a high carbohydrate intake (3.2 and
6.0 mg - kg~ ' - min~") could not explain the finding of an
RQ higher than 1.0 in these two measurements.

Discussion

In this study we analyzed relations between MEE, actual
EI and measured RQ in a mixed cohort of children who had
been admitted to our ICU. On 21% and 79% of measure-
ment days, EI was below and above MEE, respectively. By
applying a classification used for adults [6,7], children
would have received adequate nutrition on only 10% of
days, whereas children would have been underfed and over-
fed on 21% and 69% of days, respectively.

The large proportion of overfeeding noted in this study is
remarkable. The cutoff value of 110% for EI/(MEE + 10%)
to indicate overfeeding (which corresponds to 121% of
MEE), as used for adults by McClave et al., is beyond
discussion for critically ill children in the acute phase of
metabolic stress [8]. However, their criterion for overfeed-
ing is arguable in critically ill children who have resumed
somatic growth. As opposed to critically ill adults, the
feeding regimen for children must also take into account the
energy for this growth [16,17]. Because growth-related en-
ergy can be measured only partly with indirect calorimetry,
the limits for adequate and overfeeding will depend on the
age of the child. Further, it is not exactly known when the
acute phase turns into the recovery phase. A recent study in
critically ill children using endocrine parameters showed
that return to anabolism may occur within the first few days
after admission [18]. Another postoperative study that eval-
uated hormone profiles in children of different age groups
reported that the metabolic stress response is significantly
shorter in children than in adults [19]. Previous studies in
critically ill children on mechanical ventilation and children

with burns have suggested that 20% to 50% should be added
to the MEE to reach adequate nutrition and achieve a pos-
itive nitrogen balance [20-22]. In recovering young infants,
this amount of energy arguably might be even higher in case
of catch-up growth [16,17].

Currently there is no uniform standard for defining un-
derfeeding and overfeeding in critically ill children in rela-
tion to possible adverse effects such as protein-energy mal-
nutrition for underfeeding and respiratory problems or liver
steatosis for overfeeding [8,23]. Therefore, there is need for
a tool to assess adverse consequences of inadequate feeding
and to indicate when nutritional support should be adjusted
for each child. We wondered whether the measured RQ
might be such a tool in critically ill children. In theory, the
overall measured RQ should reflect the used proportions of
fat, protein, and carbohydrates because each of these sub-
strates has its unique RQ. Therefore, energy overfeeding or
carbohydrate intake in excess of oxidation capacity with
resulting lipogenesis would increase the RQ to a level above
1.0. The use of endogenous fat stores during underfeeding
to meet caloric requirements would decrease the RQ below
0.85. Used in this way, the measured RQ would act as an
alert to the adverse consequences of inadequate feeding and
theoretically might be used to evaluate nutritional adequacy.

With regard to all measurement days, an increase in
EI/MEE resulted in a significant increase in measured RQ.
This might argue for the usefulness of the RQ as a tool to
assess feeding adequacy. However, when evaluating the
usefulness of a single measured RQ in a specific range to
classify the degree of feeding, we found poor sensitivity
(63% for underfeeding and 21% for overfeeding), which is
in accordance with findings by McClave et al. in adults [7].
This means that the RQ is not reliably reflected in the same
way in all children in response to overfeeding and under-
feeding and, hence, that factors other than EI/MEE must be
important. These issues limit the overall value of the RQ for
monitoring the adequacy of nutritional support.

As opposed to low values for sensitivity, high values
were found for specificity to identify overfeeding (97%) and
underfeeding (89%) when using RQ values higher than 1.0
and lower than 0.85, respectively. This means that only a
few measurement days were indicated as days with under-
feeding and overfeeding by RQ when there was actually no
underfeeding or overfeeding (false-positive results). The
usefulness of the RQ to correctly classify feeding adequacy
in practice could be more directly assessed from the positive
and negative predictive values. Considering the high nega-
tive predictive value (90%) of an RQ lower than 0.85, we
may conclude that the finding of an RQ higher than 0.85
with reasonable certainty can exclude underfeeding. Fur-
ther, because of the very high chance of correctly classify-
ing a child as overfed when finding an RQ higher than 1.0
(positive predictive value = 93%), a measured RQ higher
than 1.0 can be useful in clinical practice. The usefulness of
the RQ to recognize (carbohydrate) overfeeding has been
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demonstrated in other studies in critically ill children and
adults [4,8,24].

We found that levels of carbohydrate intake and EI/MEE
were independently related to RQ. In addition, on those
days with overfeeding with an RQ higher than 1.0, we found
that a significantly different composition of feeding (higher
carbohydrate intake, lower fat intake) was administered
than on the days with overfeeding with an RQ lower than
1.0. In clinical practice this means that, when an RQ higher
than 1.0 is found, carbohydrate intake and/or total EI has to
be adjusted.

Our study has some limitations. First, measurements
were not performed in a sequential manner in all children
and possibly in ventilatory and non-ventilatory modes under
different nutritional support regimens. Theoretically it
would have been better to measure all patients systemati-
cally over the first 14 d in one mode and on a standard
feeding regimen. It was our intention to measure every other
day, but due to practical limitations this was not always
possible. Second, looking into reasons for feeding days to
fall within an RQ range that did not correspond to the
feeding degree (discrepancies between criteria), we focused
on composition of feeding. However, numerous factors,
related and unrelated to feeding, can alter the value of a
measured RQ in critically ill patients, e.g., hyperventilation,
acidosis, effects of cardiotonic agents and neuromuscular
blocking, and an individual response to a given substrate
load, injury, or disease [25]. In addition, the ongoing use of
endogenous fuels (protein catabolism, lipolysis), which
were observed even when supplying adequate amounts of
exogenous substrates, can result in discrepancies between
measured RQ and the amount of energy provided. Third,
our study group consisted of a heterogeneous group of
children with different ages, diagnoses, and illness severity
scores. In addition, measurements were performed under
different nutritional support regimens. We deliberately
opted for this epidemiologic approach, including almost all
admitted patients, to investigate the metabolic monitor as a
clinical tool in a pediatric population representative of any
pediatric ICU. This study is embedded in a study that aims
to provide guidelines for nutritional and metabolic monitor-
ing in daily clinical practice, taking into account the patient
mix usually seen in pediatric ICUs. We are aware that this
inhomogeneity has various drawbacks and makes it difficult
to interpret our results for specific groups of critically ill
children such as septic or postoperative patients. We con-
sidered several possible influencing factors and found that
route of feeding, age, and illness severity score at admission
did not significantly affect the RQ.

In conclusion, when applying criteria used in critically ill
adults, we found that critically ill children were overfed on
most measurement days. Nevertheless, only on 20% of
these days did there appear to be a chance to develop
adverse consequences of overfeeding (RQ > 1.0). In the
pediatric ICU setting, the usefulness of the RQ to monitor
feeding adequacy and to adjust nutritional support is limited

due to poor sensitivity and large interindividual variability.
However, the extreme values of RQ can be used to indicate
two clinically relevant issues. An RQ higher than 0.85
reliably indicates the absence of underfeeding and an RQ
higher than 1.0 reliably indicates the presence of (carbohy-
drate) overfeeding.
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