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SUMMARY

OBJECTIVE: To verify the association between prone position, increased diuresis, and decreased cumulative fluid balance in critically ill
pediatric patients who underwent mechanical ventilation (MV) for pulmonary causes and describe adverse events related to the use
of the position.

METHODS: This is a retrospective observational study. Patients aged between T month and 12 years who underwent MV for pulmonary
causes, between January 2013 and December 2015, were selected and divided between those who were put on prone position (PG)
and those who were not (CG) during the hospitalization at the Pediatric Intensive Care Unit (PICU). Data were analyzed longitudinally
from D1 to D4.

RESULTS: A total of 77 patients (PG = 37 and CG = 40) were analyzed. The general characteristics of both groups were similar. In the
comparison between the groups, there was no increase in diuresis or decrease in cumulative fluid balance in the prone group. In the
longitudinal analysis of D1 to D4, we saw that the PG presented higher diuresis (p = 0.034) and a lower cumulative fluid balance (p =
0.001) in D2. Regarding the use of diuretics, there was greater use of furosemide (P <0.001) and spironolactone (P = 0.04) in the PG.
There was no increase in adverse events during the use of the prone position.

CONCLUSION: The prone position was not associated with increased diuresis or decreased cumulative fluid balance in critically ill pedi-
atric patients who underwent to MV for pulmonary causes.

KEYWORDS: Prone position. Diuresis. Water Balance. Positive-Pressure Respiration. Intensive Care Units, Pediatric.

INTRODUCTION

Respiratory illnesses in pediatrics are often the  ventilation*®. Patients on mechanical ventilation are
cause for hospitalization and admission into a Pediat-  more prone to fluid retention due to both increased
ric Intensive Care Unit (PICU). The evolution of these  antidiuretic hormone (ADH) secretion and activation
scenarios into respiratory failure requires invasive  of the renin-angiotensin-aldosterone system, as well
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as the peripheral vasoplegia induced by the use of
sedatives and analgesics, such as benzodiazepines
and opioids. Such retention is aggravated by the lack
of limb mobilization, which reduces the “pump” ef-
fect of the musculature on venous return, and by the
aggressive fluid resuscitation that some patients re-
quire due to the severity of their condition, leading
a positive cumulative fluid balance (FB) and, conse-
quently, to a fluid overload®*.

Previous studies have demonstrated that a posi-
tive cumulative fluid balance in adult and pediatric
patients on mechanical ventilation is associated with
unfavorable outcomes, such as worse oxygenation
levels, longer hospital stays, and increased mortali-
ty*®. There is an interest in finding alternatives for
the optimization of the fluid balance and, consequent-
ly, improving results for pediatric patients. There is
evidence that the fluid restriction and proper main-
tenance of the urinary debt can improve pulmonary
function and decrease the duration of mechanical
ventilation. Among these alternatives are the stim-
ulation of diuresis through the use of diuretics and
vasoactive drugs, eventual renal replacement thera-
py and, less frequently, the use of the prone position
(PP)™°. Evidence that the prone position increases
the volume of diuresis are scarce, and this has been
described as a secondary outcome in a single study?®.

Therefore, our objective was to investigate the
association between the prone position, increased
diuresis, and decreased cumulative fluid balance in
critically ill pediatric patients undergoing mechani-
cal ventilation for pulmonary causes, in addition to
describing possible adverse events related to the im-
plementation of the position.

METHODS

A retrospective cohort study was conducted by
reviewing medical charts from a Pediatric Intensive
Care Unit (PICU) of a university hospital at tertiary
level. The unit consists of 12 beds with an average of
450 admissions per year. Fifty percent of the patients
are submitted to mechanical ventilation (MV), and
the overall mortality rate is 6%. Databases are con-
stantly updated, and various institutional protocols
apply for clinical conditions.

We selected inpatients aged between 1 month and
12 years submitted to mechanical ventilation for pul-
monary causes in the period from January 2013 to
December 2015. The criterion for stratification be-

tween the prone group (PG) and control group (CG)
was the use of the prone position during hospital-
ization. We excluded patients with chronic lung dis-
ease, who underwent tracheotomy, requiring renal
replacement therapy, chronically using diuretics,
who did not have sufficient data on the medical chart
or with less than four days of mechanical ventilation
time.

The demographic data, variables in question (age,
sex, weight at admission, mortality score according
to the Pediatric Index of Mortality 2 [2] PIM)™, pri-
mary diagnosis (the cause for hospitalization), sec-
ondary diagnosis (relevant finding, but not the cause
for hospitalization), profile of respiratory viruses,
need and time on MV, the relationship between the
PP time and MV time, death, hospitalization time in
PICU and in the hospital were recorded in individual
charts.

The following data were obtained daily from each
patient: fluid balance, diuresis, MV parameters, use
of diuretics and vasoactive drugs, time of prone po-
sition (with prone position time equal to zero for the
patients in the control group). We also considered
complications that occurred during the period of
mechanical ventilation. The fluid balance was cal-
culated from the enteral and parenteral administra-
tion volume minus the volume eliminated, including
urine, feces, gastric residue, blood loss, and fluids
surgically drained in ml/kg/day. The diuresis of each
patient was registered in ml/kg/h and the total fluid
balance, positive or negative, in ml/kg/day, all record-
ed in intervals of 24 hours from the day mechanical
ventilation was started until the day of the extuba-
tion. The daily dose of diuretics administered was
described in mg/kg/day. We calculated the index of
vasoactive drugs (IVD), at the time of the morning
medical visit, using the formula [dopamine + dobuta-
mine + (epinephrine X 100) + (norepinephrine X 100)
+ (milrinone X 10)], with all drugs expressed in mcg/
kg/min".

In relation to the outcomes, patients were divided
into two groups: prone and control. The main out-
comes were increased diuresis and reduced cumula-
tive fluid balance. The secondary outcomes were the
number of MV days and days in the PICU and in the
hospital. The tests used for the analysis of variables
were the Mann-Whitney test and the chi-square test
or Fisher’s exact test. To analyze the relationship
between the variables (prone position, increased di-
uresis, days of MV, sex, age, weight, PIM2, and flu-
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id balance), we used the generalized linear model.
We considered as statistically significant a value of
p<0.15 in the univariate analysis for inclusion in the
multivariate analysis, and a value of p<0.05 in the
multivariate analysis (ANOVA). For the longitudinal
analysis, we decided to conduct an ANOVA for re-
peated measures in four moments (D1 to D4 in both
groups - PG and CG). By means of the ANOVA, we
compared the diuresis, fluid balance, and the use of
furosemide. All analyses were performed using the
SPSS software version 20.0.

For the control group, D1 is equivalent to the first
day of MV; D2 to D4 are the following days during
which the patient remained on MV (and at no time
during that period the ventilation was in prone po-
sition). For the prone group, D1 is equivalent to the
day (24 hours before) before the prone position was
started; D2 to D4 are the days following days, during
which the patient may or may not have repeated the
prone position. The research was approved by the Re-
search Ethics Committee of the institution.

RESULTS

Eighty-four patients had their data collected, 77
of which were used for the final analysis. Seven pa-
tients were excluded: one for having been submitted
to renal replacement therapy, four due to inadequate
record of data on the chart, and two due to less than
four days of mechanical ventilation time. The sam-
ple is characterized in Table 1. Regarding the severity
of the patients on the first day of admission, there
was no difference in the Pediatric Index of Mortali-

TABLE 1. CHARACTERIZATION OF THE SAMPLE

ty 2 (PIM 2) scores. In terms of the main diagnosis,
bronchiolitis and wheezing in infants were the most
common. Four patients had Acute Respiratory Dis-
tress Syndrome (ARDS) in the group that received
the prone position. There was no difference between
the groups in relation to the number of chronic con-
ditions at the time of hospitalization.

In relation to the outcomes, the group that re-
ceived the prone position presented more time on
mechanical ventilation and a longer stay in the PICU.
Hospitalization, use of vasoactive drugs, and deaths
were similar. The prone group did not, in general,
have more serious adverse events compared to the
control group. These results are shown in Table 2.

For the patients who were in the prone position,
the median of the relationship between the time on
prone position and the total time of MV was 16.5%
(IQR 10.7-24.7).The median in hours and the inter-
quartile intervals of PP time for the four days evaluat-
ed in the prone group were: D1= zero; D2= 13.0 (8.0-
14.0); D3= 12.0 (10.0-16.0); and D4= 0 (0-11.0). Table
3 shows the measures of diuresis, fluid balance, and
the dose of furosemide on the four days assessed.

In general, there was no difference between the
diuresis (P=0.58) and fluid balances (P=0.15) of the
two groups. The comparisons stratified per day show
that there was a difference in the volume of diuresis
(P=0.034) and in the FB (P=0.001) only in D2. With re-
spect to the use of furosemide, whose average doses
were measured at the same moments of the diure-
sis and FH, there was a difference in the dose of the
diuretics between the treatment groups on all days
evaluated (P<0.001).

Prone Group Control Group P-value
n =237 n=42
Age (months); median (IQR) 3.0(2.0-6.0) 4.0 (2.0-9.0) 0485
Male; n (%) 22.0 (59.5%) 23.0 (54.8%) 0.674
Mortality score PIM2; median (IQR) 2.0(1.0-5.3) 11(0.9-5.3) 0.914
Main diagnosis; n (%)
Bronchiolitis / Wheezing baby 33(89.2%) 34 (81.0%) 0.308
Pneumonia / Pneumonia with pleural effusion 4(10.8%) 6 (14.2%) 0.643
Others 0 (0%) 2(4.8%) 0178
MV parameters (first 3 days of MV)
PIP (cmH20), mean (SD) 329 (3.5) 29.6 (4.6) <0.01
PEEP (cmH20), mean (SD) 5.7(1.7) 5.3(1.5) 0.054
FiO2 (%) 045 (0.15) 040 (0.11) 0.01

Legend: IQR = interquartile range; SD = standard deviation; PIM2 = Pediatric Index of Mortality 2; VM = mechanical ventilation; = PIP peak inspiratory pressure; PEEP = positive

end-expiratory pressure; FiO2 = fraction of inspired oxygen.

For antisymmetric variables, we used the Mann-Whitney test; for symmetric variables, the Student's t-test was used; for categorical variables we used the chi-square test or Fisher's

exact test.
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TABLE 2. COMPARISON OF OUTCOMES

Time of MV (days); median (IQR) 9.9 (71-12.2) 6.7 (4.8-8.6) <0.001
Length of stay in the PICU (days); median (IQR) 14.0 (10.0-19.0) 105 (70-14.0) <0.001
Length of hospital stay (days); median (IQR) 21.0 (16.0-27.0) 18.0 (15.0-24.0) 0.460
Death; n (%) 1.0 (2.7%) 1.0 (2.4%) 0.927
Diuretics

Furosemide (mg/kg/day); median (IQR) 162 (1.29-2.33) 1.04 (0.58-1.40) <0.001
Spironolactone (mg/kg/day); median (IQR) 0.91(0.56-1.43) 0.71(0-111) 0.04
Index of vasoactive drugs; median (IQR) 911 (6.54-12.89) 10.0 (6.25-14.55) 0.906
Intercurrent event; n (%)

Absent 27 (73.0%) 35(83.3%) 0.263
Pneumothorax 2 (5.4%) 3(71%) 0.751
CA on prone position 1(27%) 0 (0%) -—
CA on supine position 2 (5.4%) 0 (0%) -—-
Accidental extubation during prone position 0 (0%) 0 (0%) -—
Accidental extubation during supine position 1(2.7%) 1(2.4%) 0.927
Extubation failure 1(27%) 1(24%) 0.927
Others 3(81%) 2(4.8%) 0.542

Legend: IQR = interquartile range; “"Numerical variables — Mann-Whitney test; Categorical variables — the chi-squared or Fisher's exact test; CA = Cardiac arrest.

TABLE 3. RESULTS OF REPEATED MEASUREMENTS AT FOUR MOMENTS

Day 1 319 (0.22) 290 (0.21) 0.29 (-0.317 2 0.895) 0.345

Day 2 3.89 (0.20) 3.30(019) 0.59 (0.047 2 11370) 0.034

Day 3 3.92(0.22) 475 (0.22) -0.23 (-0.852 a2 0.389) 0460

Day 4 408 (0.22) 430 (021) -0.22 (-0.824 2 0.387) 0474
Fluidbalance (mi/kg/day)

Day 1 37.57 (4.90) 5011 (4.77) -12.54 (-26 07 to 1.00) 0.069

Day 2 13.48 (4.40) 34.26 (4.23) -20.77 (-32.94 to -8.67) 0001

Day 3 15.27 (5.17) 7.05 (4.97) 8.23 (-6.07 to 22.52) 0.255

Day 4 13.29 (4.37) 543 (4.20) 7.86 (- 4.22 10 19.94) 0199
Furosemide (mg/kg/day)

Day 1 1.03 (0.15) 0.05(0.14) 0.98 (057 2 1.38) <0001

Day 2 149 (0:15) 0.29 (014) 119 (0.78 2 161) <0.001

Day 3 1.76 (016) 0.78 (0.16) 0.98 (0.53 21.43) <0001

Day 4 214(018) 122 (017) 0.92 (042 a1.42) <0001

Legend: “Mean (standard error), based on marginal estimates; ““Adjustment for multiple comparisons.

DISCUSSION

Our study was one of the few to analyze the prone
position in patients with an indication for MV due to
pulmonary causes, without necessarily having ARDS
as a primary diagnosis. In addition, we focused on
the possible “diuretic effect” of this practice. The ini-
tial motivation for the study was the clinical obser-
vation that patients submitted to the prone position
presented an increased diuresis®. Since this a safe
position, with already some benefits published in the
literature, we used the prone position as a routine
option for patients with hypoxemia and positive cu-
mulative fluid balance, regardless of their etiological

diagnosis®'e.

The prone position as an alternative for the im-
provement in oxygenation, lung recruitment, and
gas exchange in patients with respiratory failure has
been widely studied™®". There is also evidence that it
could be related to decreased pulmonary lesion caused
by MV and increased survival in patients with Acute
Respiratory Distress Syndrome™'. However, only
one study, whose main objective was to demonstrate
the benefit of the position on aspects already known,
observed increased diuresis. Pragmatically and glob-
ally, we did not identify the same effect of increased
diuresis or reduction of the cumulative fluid balance.
Because this is a pragmatic study, the patients did not
receive the same amount of prone position time nor
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were they put on the prone position at the same stage
of disease or severity. Only in D2, in the prone group,
there was an increase in diuresis and decrease in the
cumulative fluid balance. We believe that such in-
crease in diuresis is related to the stage of the disease
and not the “prone effect,” since the patients were al-
ready in a situation of greater clinical stability, there-
fore receiving higher doses of diuretics.

When analyzing variables such as time of MV,
length of stay in PICU, and use of diuretics, the group
that was not put on prone position showed less se-
vere outcomes. We believe this happened because
the group had a more favorable clinical evolution,
which did encourage the staff to use the prone posi-
tion during their hospitalization. In clinical practice,
patients with more bloating, greater need for oxy-
gen, or with higher cumulative fluid balance tend to
be put on the prone position more often. This was
shown in the average of MV parameters of the first
three days for patients from the prone group.

An important point we evaluated was the equality
of adverse events in both positions, as demonstrated
by Fineman et al.’®, which characterize the use of the
prone position as a safe practice. Only one patient
presented CPR in the prone position. This episode
was isolated and does not seem to have a relationship
with the position since the patient was in severe clin-
ical condition. There were no accidental extubations
in the prone position.

Our study had some limitations. First, the compar-
ison of outcomes in different days of evolution. The
initial objective was to verify if the “diuretic effect” of
the prone position would appear in usual treatment
conditions within a PICU, but that did not occur, even
with the use of higher doses of diuretics in this group.
To better exemplify this: in the control group, D1 was

the first day of mechanical ventilation, in which the
patient needed fluid resuscitation to be stabilized.
Therefore, until this clinical stability was achieved,
these patients did not use diuretics. The prescription
of diuretics for patients under MV only happens when
their condition evolves; when the objective is precise-
ly to improve the fluid balance, so deleterious to the
outcomes of our patients*®. In the prone position, D1
was never the first day of MV, which may have been
on D2, D3 or D4. On these days, the patient already
has a diuretic prescribed and, often, in increasing dos-
es to minimize the effects of fluid overload. In addi-
tion, other factors that were not studied might have
interfered with the increased use of diuretics in this
group. Another limitation is that most of our patients
did not have any ARDS, a disease in which the prone
position was more studied with evidence of its bene-
fits. Secondly, the mortality score (PIM2) used in the
study predicts the risk of mortality at the time of ad-
mission into the PICU, and it is not a dynamic score. It
is calculated on the first day of hospitalization. In the
prone position, 10.8% of the patients had a diagnosis of
Acute Respiratory Distress Syndrome associated with
their primary disease, which in itself increases their
severity in relation to the other group. Thus, it is pos-
sible that the groups became heterogeneous, despite
having similar PIM2 on the first day. This might also
justify the longer MV and length of hospitalization in
the prone group.

CONCLUSION

In conclusion, the prone position showed no as-
sociation with increased diuresis or reduced cumula-
tive fluid balance in critical pediatric patients submit-
ted to MV for pulmonary causes.

OBJETIVO: Verificar a associagdo entre posicdo prona, aumento da diurese e diminuigcdo do balango hidrico em pacientes pedidtricos
criticamente enfermos e submetidos a ventilagdo mecdnica (VM) por causa pulmonar, além de descrever eventuais intercorréncias
relacionadas a aplicagdo dessa posigdo.

METODOS: Estudo observacional retrospectivo. Pacientes submetidos a VM por causa pulmonar, com idade entre T més e 12 anos no
periodo entre janeiro de 2013 e dezembro de 2015, foram selecionados e divididos entre os que receberam posicdo prona (GP) e os que
ndo receberam (GC) durante a internacdo na Unidade de Terapia Intensiva Pedidtrica (Utip). Os dados foram analisados longitudinal-
mente de D1a D4.

RESULTADOS: Foram analisados?77 pacientes (GP=37 e GC=40). Em termos de caracteristicas gerais, os grupos foram semelhantes entre
si. Na comparagdo entre os grupos, ndo houve aumento da diurese ou diminuigdo do balango hidrico cumulativo no grupo prona. Na
andlise longitudinal de D1 a D4, evidenciou-se que o GP apresentou maior diurese (p=0,034) e menor balanco hidrico cumulativo (p =
0,001) no D2. Com relagdo ao uso de diuréticos, houve maior uso de furosemida (P<0,001) e de espironolactona (P=0,04) no GP. Ndo
houve aumento de eventos adversos durante a utilizagdo da posigdo prona.
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CONCLUSAO: A posicdo prona ndo demonstrou associagdo com aumento da diurese ou diminui¢do de balango hidrico cumulativo em
pacientes criticos pedidtricos submetidos a VM por causa pulmonar.

PALAVRAS-CHAVE: Decubito ventral. Diurese. Balango hidrico. Respiragdo com pressdo positiva. Unidades de Terapia Intensiva Pedidtri-
ca.
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