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Background: Aggressive fluid resuscitative strategies have been the cornerstone of early traumamanagement for
decades. However, recent prospective adult studies have challenged this practice, underlining the detrimental ef-
fect of positive fluid balance on cardiopulmonary function. Fluid overload has been associated with impaired ox-
ygenation and morbidity in critically ill adults, but data is lacking in pediatric trauma patients.
Methods: We completed a retrospective chart review of all pediatric trauma patients 0–18 years old admitted to a
level 1 trauma center from January 2013 to December 2015. Four patient cohortswere established based on volume
of fluid administered: b20 ml/kg/day, 20–40 ml/kg/day, 40–60 ml/kg/day, and N 60 ml/kg/day. The primary out-
come was death. Secondary outcomes included the number of days on the ventilator, intensive care unit length of
stay (ICU LOS), overall length of stay (LOS), number of days nil per os (NPO) as an indicator of ileus, and incidence
of bloodstream infection and/or surgical site infection.
Results: The mean volume of fluid administered over the first 24 h was 41 ml/kg/day, and 28 ml/kg/day over
the first 48 h. ICU length of stay and overall length of stay were increased in patients who received more than

60 ml/kg/day in the first 24 h of their hospitalization. Furthermore, ventilator use, ICU length of stay, overall length
of stay, and time to resumption of a regular diet were all increased in patients who received N60 ml/kg/day over
48 h.
Conclusions: Early administration of high volumes of crystalloid fluid greater than 60 ml/kg/day significantly corre-
lates with pulmonary complications, days NPO, and hospital length of stay. These results span the first 48 h of a
patient's hospital stay and should encourage surgical care providers to exercise judicious use of crystalloid fluid ad-
ministration in the trauma bay, ICU, and floor.
Type of Study: Therapeutic.
Level of Evidence: Level III.

© 2018 Elsevier Inc. All rights reserved.
Pediatric trauma is the leading cause of death in children aged one
year and above [1]. For the past several decades, aggressive fluid admin-
istration has been an intrinsic part of trauma resuscitations to treat the
acutely inflamed and possibly bleeding patient. This is especially true in
the pediatric population, where patients are presumed to have healthy
kidney function and ejection fraction. However, recent investigations
in adults have shown that greater crystalloid volume is associated
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with complications, including increased ventilator days, ICU length of
stay, and hospital length of stay [2]. Furthermore, some studies have
linked aggressive fluid resuscitation to uncontrolled hemorrhage, re-
duced organ perfusion, and abdominal compartment syndrome [3, 4].

A recent retrospective study in pediatric trauma patients by Acker
et al. found that high volume resuscitation was associated with an in-
creased length of stay and need for mechanical ventilation, but did not
correlate with increased incidence of Acute Respiratory Distress Syn-
drome (ARDS), abdominal compartment syndrome,multi-organ failure,
urinary tract infection or bloodstream infection. This lead to the conclu-
sion that injured children are resistant to some of the adverse effects of
early high volume fluid resuscitation [5]. This research focused on the
initial fluid resuscitation within the first 24 h.

We hypothesize that greater crystalloid volume in the early, post-
injury phase contributes to longer hospital length of stays, longer ICU
length of stays, more time on the ventilator, and a longer time to return
of regular diet, regardless of initial injury severity score, mechanism of
tion adversely affects pediatric trauma patients, J Pediatr Surg (2018),
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trauma, and initial GCS. We plan to extend our analysis of fluid resusci-
tation over the first 48 h of hospitalization to discern effects of contin-
ued crystalloid administration beyond the acute phase and into a
period that may benefit from fluid restriction or diuresis.

1. Methods

Following approval by the Columbia Institutional Review Board
(CUMC IRB AAAQ6924), a retrospective chart review of pediatric
trauma patients 0–18 years presenting from January 2013 to December
2015 to the Morgan Stanley Children's Hospital of NewYork-
Presbyterian, a Level 1 Pediatric Trauma Center, was conducted. All pa-
tients included were admitted overnight to the pediatric inpatient floor
or the pediatric intensive care unit (PICU). We included patients of all
injury severity scores, and all types of trauma (blunt, penetrating, and
burns).

Patients over the age of 18 years were excluded, as the aim of the
project was to focus on pediatric patients. Patients transferred in from
an outside hospital were similarly excluded, as reliable records of the
patients' initial fluid resuscitation were not available, and so study re-
sults could be confounded. It is also worth noting that patients that
were not admitted overnight from the emergency department were
not included, despite their mechanism of injury, injury severity score,
or Glasgow Coma Scale. As a result, patients who were dead on arrival
or expired in the trauma bay were not analyzed in this study (one pa-
tient over the study period).

Independent variables included age, gender, weight, injury mecha-
nism (blunt, penetrating, or burns), Glasgow Coma Score (GCS), and in-
jury severity score (ISS) on admission. The experimental variable, the
volume of fluid administration, was tabulated from the patients' emer-
gency room record, operative report, and input/output flowsheets. Only
the fluid documented as “given” by the nurse was measured; fluids or-
dered but never given were not included.

Volume of fluid administration was measured over two time pe-
riods - the first 24 h and the first 48 h after admission (ml/kg/day).
This was utilized to evaluate emergency room trauma bay resuscita-
tion, operating room resuscitation, and ongoing floor or ICU level re-
suscitation. Subsequently, four patient cohorts were established
based on volume of crystalloid fluid administered: b20 ml/kg/day,
20–40 ml/kg/day, 40–60 ml/kg/day, and N 60 ml/kg/day. These vol-
umes were chosen due to the fact that the most common crystalloid
bolus given is 20 ml/kg.

The primary outcome was death prior to discharge. Secondary
outcomes included the number of days on the ventilator, intensive
care unit length of stay (ICU LOS), incidence of ARDS, overall length of
stay (LOS), number of days nil per os (NPO) as a surrogate for
ileus, and incidence of bloodstream infection and/or surgical site infec-
tion. The range of follow up was 104 to 1180 days, with a median of
566 days.

2. Theory and statistical analysis

We performed a univariate analysis on each parameter initially
using linear regression to determine statistical significance of fluid
administration. Once we identified lack of linearity, we completed
a pairwise comparison of all parameters to b20 ml/kg/day,
20–40 ml/kg/day, 40–60 ml/kg/day, and N 60 ml/kg/day. Finally, a
multiple regression analysis using our categorical fluid variable as
the main predictor of interest and adjusting for statistically signifi-
cant parameters with a high likelihood of co-linearity – ISS, GCS,
age and weight was completed. A p value of b0.05 was considered
statistically significant. All statistical analyses were performed
using STATA, version 12 (StataCorp. 2011. Stata Statistical Software:
Release 12. College Station, TX: StataCorp LP). A power analysis was
completed: the α was set at 0.05, and a desired power of 0.80.
Given the average fluids administered over the first 24 h and 48 h
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were 41.21 ml/kg/day and 28.52 ml/kg/day, with a standard devia-
tion of 26.67, the minimum sample size is 138 individuals [6].
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3. Results

A total of 468 patients were admitted to the Level 1 Trauma Center
between January 2013 and December 2015. 15 patients were excluded
from this study, as they were more than 18 years old. Three were ex-
cluded for incomplete data regarding fluid administration in the emer-
gency room. Another three patients were excluded as they were direct
admissions from physician offices for concussion, and thus bypassed
the initial resuscitation window in the emergency department. One pa-
tient was excluded for no actual report of trauma in the narrative of the
admission. Finally, 245 patients were excluded as they were transfers
from outside hospitals after initial stabilization was completed. As a re-
sult, their initial fluid resuscitation is unknown. After exclusions, 200
patients were included in the analysis (Fig. 1).

The patients included in the analysis ranged in age from 1 week to
17.9 years, with a mean age of 8.99 years. Standard deviation was
5.2 years. The majority of patients were male (65.5%). The majority of
trauma type was blunt trauma (85%), with penetrating trauma (13%)
and burns (2%) following in frequency. The average GCS on arrival
was 14.7, with a range from 4 to 15 and standard deviation of 1.3.
Only 2% of patients presented with an initial GCS of less than 8. Twelve
out of 200 patients required the use of a ventilator, and 3.5% of patients
had an ISS N 15, 28% had an ISS N 9. The average ISS was 5.5, and ranged
from 1 to 29 (Table 1).

Volume of crystalloid fluid administered ranged from 0 to
148 ml/kg/day in the first 24 h, and 0 to 120 ml/kg/day in the first
48 h after presentation to our Trauma Center. The mean volume of
fluid administered over the first 24 h was 41 ml/kg/day (Standard
Deviation 26.7), and 28 ml/kg/day over the first 48 h (Standard Devi-
ation 21.0) (Table 2). There were no patients in this study that had
the primary outcome of mortality. Of note, any blood products or col-
loid used were excluded from the data. However, five of the 200 pa-
tients (2.5%) received a blood transfusion, and three (1.5%) received
fresh frozen plasma and/or platelets.

The majority of patients had laboratory tests drawn (60%), and 37%
had a coagulative panel sent (Prothrombin time and Partial Thrombo-
plastin Time). Of those who had coagulation studies performed, 33.7%
were abnormal at the time of admission in the emergency department
(outside the laboratory's standard range of 11–13.5 s for prothrombin
time, and 25–35 s prothrombin time). None of the patients studied
tion adversely affects pediatric trauma patients, J Pediatr Surg (2018),
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Fig. 1. Study Population.

Table 1
Demographic Data.

Number (n) Percentage (%)

Age
0–2 19 9.5
2–5 31 15.5
5–11 72 36
11–15 45 22.5
16–18 33 16.5
Total 200
Average: 9.00 Years
Standard Deviation: 5.18
Range: 0.02–17.91 years

Gender
Male 131 65.5
Female 69 34.5

Weight (kg)
b 5 3 1.5
5–20 57 28.5
20–50 83 41.5
N 50 57 28.5
Average: 37.07 kg
Standard Deviation: 25.05
Range: 3.00–110.00 kg

Type of Trauma
Blunt 170 85
Penetrating 26 13
Burn 4 2

GCS
15 184 92
13–14 5 2.5
11–12 3 1.5
9–10 4 2
≤ 8 2 1
Average: 14.69 points
Standard Deviation: 1.32
Range: 4.00–15.00 points
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developed ARDS or a bloodstream infection during the study period,
and only one patient had a surgical site infection (AlloDerm infection
at finger amputation site) so these variables were excluded from the
statistical analysis.

We performed a linear regression examining the relationship be-
tween volume of fluid administered and four variables: ICU length of
stay, hospital length of stay, number of days on the ventilator, and
time spent NPO. To assess the linearity of the data, we assembled the
scatter plots seen in Fig. 2.

As is evident from the scatter plots, the data was non-linear. Thus,
we categorized the data into clinically relevant groups of 0–20, 20–40,
40–60, and N 60 ml/kg/day, as represented in Fig. 3. Using pairwise
comparisons, we determined that the threshold of volume of fluid a pa-
tient receives become clinically significant at N60 cc/kg/day (Table 3).
Table 2
Volume of Fluid Administration.

Number of Individuals (n) Percentage of Total (%)

Fluids in the First 24 h:
0–20 ml/kg/day 45 22.5
20–40 ml/kg/day 56 28.0
40–60 ml/kg/day 60 30.0
N60 ml/kg/day 39 19.5
Average: 41.21 ml/kg/day
Standard Deviation: 26.67
Range: 0.00–148.12 ml/kg/day

Fluids in the First 48 h:
0–20 ml/kg/day 74 37.0
20–40 ml/kg/day 75 37.5
40–60 ml/kg/day 33 16.5
N60 ml/kg/day 18 9.0
Average: 28.51 ml/kg/day
Standard Deviation: 21.07
Range: 0.00–120.63 ml/kg/day

tion adversely affects pediatric trauma patients, J Pediatr Surg (2018),
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Fig. 2. Scatter Plots Demonstrating Non-Linearity.
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We found that administering N60ml/kg over the first 24 h significantly
correlated with increased overall hospital length of stay and days spent
NPO (Table 4). When analyzed over 48 h, we found that administering
N60 ml/kg/day correlated with increase in all parameters studied: ICU
length of stay, overall hospital length of stay, number of days on the ven-
tilator and days spent NPO (Table 5).

On multiple regression analysis adjusting for ISS, GCS, age and
weight, we found that administering N60 ml/kg/day over the first 24
h no longer correlated with outcomes (Table 6). However, when ana-
lyzed over the first 48 h after admission, administering N60 ml/kg/day
still statistically significantly correlated with all outcomes studied
(Table 7).
4. Discussion

This retrospective study at a level 1 pediatric trauma center found
that a large volume of crystalloid volume administered within the first
48 h after admission – specifically more than 60 ml/kg/day –was asso-
ciated with worse outcomes, including increased ICU length of stay, in-
creased overall hospital length of stay, increased number of days on the
ventilator, and increased incidence of ileus.
Please cite this article as: Coons BE, et al, High volume crystalloid resuscita
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Although several types of fluid are available in the pediatric trauma
bay, crystalloid is often the first choice of emergency room physicians,
pediatricians, and surgeons alike. The American College of Surgeons Ad-
vanced Trauma Life Support recommends isotonic fluid resuscitation to
maximize the volume that remains intravascular [7]. However, only
one-third of the volume remains in the extracellular compartment,
and of that fraction, only one fourth remains intravascular. Themajority
of the fluid administered moves to the interstitial space, which in turn
disturbs cell volumes, and interrupts molecular regulatory mechanisms
triggering the inflammatory cascade. Tissue edema increases, which in
turn increases the risk of acute respiratory distress syndrome and
multi-organ failure leading to increased morbidity and mortality [8].

Multiple adult studies have linked the pathophysiology associated
withhigh volumefluid resuscitation to clinical outcomes, specifically in-
creases in pulmonary and cardiac complications, length of hospital and
ICU length of stay as well as post-operative complications including
anastomotic dehiscence, surgical site infection, sepsis and ileus. In our
study, surgical site and bloodstream infections were so uncommon
that they were excluded from statistical analysis (only one surgical
site infection was seen in two hundred patients). However there was
a clear correlation between high volume fluid administration N60 ml/
kg/day and worse outcomes leading to increased number of days on
tion adversely affects pediatric trauma patients, J Pediatr Surg (2018),
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Fig. 3. Box Plots of Fluid Administered in the First 24 h following Trauma Admission, with associated outcomes:
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the ventilator, in the ICU and in the hospital overall. Also, there was a
correlation with ileus as represented by number of days spent NPO.
These findings were confirmed even after adjusting for age, weight,
GCS and ISS, which are known to be associated with worse outcomes
[9–12].

In terms of baseline demographic attributes, our dataset was similar
to nationally published data describing pediatric trauma patients. Most
patients were male (66%) and themajority of traumawas blunt trauma
(85%), which is in concordance with prior data from the National
Trauma Data Bank and other sources [13, 14]. However, the percentage
of penetrating trauma in our dataset – 13% - was considerably higher
than in nationally published figures: penetrating trauma accounted for
4% of admissions according to the National Pediatric Trauma Registry
[15]. This may be explained by the urban location of the trauma center
studied. Nonetheless, the dataset presented here resembles national
trends closely enough that the outcomes obtained can be generalized
to the majority of pediatric trauma centers and patients.

The American College of Surgeons' Committee on Trauma often sub-
categorizes patients aged 15 to 18 years separately from other pediatric
trauma patients. Though we studied patients up to age 18 years in the
interest of generalizability, we did perform a subgroup analysis to en-
sure that there were no major differences between patients zero to
Table 3
Average Time to Secondary Outcomes.

Average Standard Deviation Range

Time to Regular Diet 14.86 h 34.568 0.00–432 h
Ventilator Days 0.13 days 0.747 0.00–9.00 days
ICU Length of Stay 0.47 days 2.296 0.00–25.91 days
Overall Length of Stay 2.75 days 3.410 1.00–31.00 days

Please cite this article as: Coons BE, et al, High volume crystalloid resuscita
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15 years, and 15 to 18 years. We found that 16.5% of our patients were
aged 15 to 18 years; however, they did not receive a statistically differ-
ent amount of fluid in the first 24 h or 48 h following their presentation
for trauma (p-values 0.267 and 0.537 respectively).

Over half of the patients in our dataset of pediatric trauma admis-
sions had to be excluded, as they were transfers from outside hospitals.
Data has shown that pediatric patients are best managed at specialty
trauma centers, even when their injuries are non-operative [16–18]. In
adults, research has shown that even when trauma patients are trans-
ferred from community hospitals to trauma centers, there is a statisti-
cally significantly lower 30-day mortality [19]. Many of our sickest
patients were transfers, with long intensive care unit courses compli-
cated by multi-organ failure, ARDS, and long ventilator weans. This
data could have been enlightening and would have added value to our
study of crystalloid fluid resuscitation and its outcomes. Furthermore,
excluding these patients may have introduced selection bias. However,
transfer patients such as these had to be excluded from our dataset due
to the concern that any volume of fluid administered during their initial
stabilization at an outside hospital could not be accurately calculated
from transfer records of varying quality.

We used the time spent NPO as an indirectmeasure of ileus. From our
data, we cannot definitively state that excess crystalloid would lead to
ileus. Other factorsmay have played a role in delaying feeds, such as phy-
sician preference, and other factors that were not controlled – physical
exam findings, mechanism of injury, etc. Furthermore, it is difficult to
precisely pinpoint when an ileus begins, as there may be a varying time
to diagnosis before the delay in feeding is labeled as an ileus. Thus, this
is a limitation of the study and we cannot say for certain that there was
a significant link to incidence of ileus. However, even controlling for ISS,
GCS, age and weight, administering N60 cc/kg/d of crystalloid correlated
with delay in initiating feeds, so we do consider this finding significant.
tion adversely affects pediatric trauma patients, J Pediatr Surg (2018),
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Table 4
Pairwise Comparisons over 24 h.

Fluid
Administered
over First 24 h:

0–20 ml/kg/day
vs 20–40 ml/kg/day
(P-value)

0–20 ml/kg/day
vs 40–60 ml/kg/day
(P-value)

0–20 ml/kg/day vs
N 60 ml/kg/day
(P-value)

ICU Length of
Stay

0.607 0.293 0.073

Overall Hospital
Length of Stay

0.766 0.079 0.013

Number of Days
on Ventilator

0.628 0.208 0.113

Time Spent Nil
Per Os

0.426 0.020 0.04

Table 6
Multivariate Analysis Over 24 Hours (controlling for co-factors – ISS, GCS, age, weight):

Fluid
Administered
over First 24 h:

0–20 ml/kg/day vs
20–40 ml/kg/day
(P-value)

0–20 ml/kg/day vs
40–60 ml/kg/day
(P-value)

0–20 ml/kg/day
vs N 60 ml/kg/day
(P-value)

ICU Length of Stay 0.909 0.455 0.975
Overall Hospital
Length of Stay

0.832 0.048 0.208

Number of Days
on Ventilator

0.847 0.344 0.948

Time Spent Nil
Per Os

0.736 0.056 0.499
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Although we found that high fluid volume was associated with in-
creased numbers of days NPO, this surrogate for ileusmay be confounded
by other elements. For example, almost half of the patients (49%) were
taken to the operating room (OR) for an orthopedic intervention. These
patientswere often hemodynamically stable andwould stayNPO for sur-
gery over a range of time, usually not going to the OR for a number of
hours or until the morning. As such, their time to regular diet might
have been prolonged, as they were NPO in anticipation of general anes-
thesia. We hypothesize that this may have contributed to lower volumes
of fluid administered correlating with time spent NPO as these patients
were kept on maintenance fluids rather than resuscitative fluids during
the pre-operative period.

In addition to the limitations inherent in all retrospective studies,
our data is limited by the inability to quantify the volume of patients re-
ceived in the prehospital setting. These numbers are not available in our
medical records. This volume of fluid may have altered the volume of
fluid administered at our institution without clear documentation of
previously administered fluid boluses.

Despite these limitations, we are confident that the study demon-
strates that a high volume of crystalloid fluid administered within the
first two days of hospitalization negatively impacts outcomes in pediat-
ric trauma patients. In a recent study on the same topic by Acker et al.,
the authors concluded that “injured children are resistant to the adverse
effects of early high volume crystalloid resuscitation” in part because
they did not find an increased incidence of ARDS, abdominal compart-
ment syndrome or multi-organ failure [5]. These complications in chil-
dren are quite rare and may not be the most appropriate outcomes to
measure.

The study by Acker et al. was instrumental in directing attention to
complications of crystalloid fluid resuscitation in children. There are a
few elements from our study that differ significantly from the Acker
study. First of all, although crystalloid volume correlated with many of
their outcomes on univariate analysis, on multivariate analysis it corre-
lated only with length of stay. They found that there was no significant
difference in need for mechanical ventilation between patients receiving
N60 cc/kg/d and those receiving 0–40 (although they didfind a significant
difference between those receiving 0–40 and those receiving 40–60). It is
unclear how to interpret that those receiving 40-60 cc/kg/d had increased
Table 5
Pairwise Comparisons Over 48 h.

Fluid
Administered
over First 48 h:

0–20 ml/kg/day vs
20–40 ml/kg/day
(P-value)

0–20 ml/kg/day vs
40–60 ml/kg/day
(P-value)

0–20 ml/kg/day
vs N 60 ml/kg/day
(P-value)

ICU Length of
Stay

0.797 0.873 b0.001

Overall Hospital
Length of Stay

0.466 0.017 b0.001

Number of Days
on Ventilator

0.724 0.744 b0.001

Time Spent Nil
Per Os

0.254 0.014 b0.001
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need for mechanical ventilator as compared to those receiving less than
40 cc/kg/d, but those receiving high volumes of fluid N60 cc/kg/d did
not have an increased need for mechanical ventilation. Their conclusion
was that children injured by trauma are resistant to some of the adverse
effects of high volume fluid resuscitation when compared to adults.

In our study, we found that volume of crystalloid administered be-
comes clinically significant at N60 cc/kg/d and only when that level of
high volume resuscitation extends beyond the first 24 h. On univariate
analysis we found that administering N60 ml/kg/d over the first 24 h
significantly correlated with increased overall hospital length of stay
and days spent NPO, and that over 48 h, administering N60 ml/kg/d of
fluid correlated with all outcomes studied - ICU length of stay, overall
hospital length of stay, number of days on the ventilator, and days
spent NPO. On multivariate analysis adjusting for ISS, GCS, age and
weight, we found that N60 cc/kg/d no longer correlated with outcomes
over the first 24 h, but, when analyzed over the first 48 h after admis-
sion, administering N60 ml/kg/day still statistically significantly corre-
lated with all outcomes studied - ICU length of stay, overall hospital
length of stay, number of days on the ventilator, and days spent NPO.
This is a significant finding that we think is novel and illustrates the
pathophysiology affecting these patients.

We think that this finding – that receiving large volumes of crystal-
loid over an extended period of time (48 h) describes patients who re-
ceive continued aggressive fluid resuscitation who later on should be
fluid restricted or diuresed, but are not. We consider that our study
sheds new light on this patient population – the pediatric trauma pa-
tient who receives prolonged (N24 h) aggressive fluid resuscitation
but could potentially benefit from fluid restrictive or diuretic therapy
after the inflammatory response has abated. We are currently initiating
a prospective multicenter randomized trial to test the hypothesis that a
restricted fluid management strategy leads to improved outcomes in
pediatric trauma patients admitted to the PICUwhen compared to a lib-
eral fluidmanagement strategy. Thoughwe have extended Acker et al.'s
findings to include the initial 48 h of fluid resuscitation from the initial
24 h, we were not able to replicate the exact findings of the adult
GLUE Grant database in pediatric patients. This is likely due to our
smaller sample size, and the overall less severe nature of pediatric
trauma. Complications like multi-organ failure and ARDS are far less
common in children than in adults and require a far larger sample size
that could not be attained through our retrospective study.
Table 7
Multivariate Analysis Over 48 Hours (controlling for co-factors – ISS, GCS, age, weight):

Fluid
Administered
over First 48 h:

0–20 ml/kg/day vs
20–40 ml/kg/day
(P-value)

0–20 ml/kg/day vs
40–60 ml/kg/day
(P-value)

0–20 ml/kg/day
vs N 60 ml/kg/day
(P-value)

ICU Length of Stay 0.760 0.345 0.003
Overall Hospital
Length of Stay

0.596 0.063 b0.001

Number of Days
on Ventilator

0.859 0.610 0.004

Time Spent Nil
Per Os

0.473 0.098 0.011

tion adversely affects pediatric trauma patients, J Pediatr Surg (2018),
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5. Conclusions

Our findings are particularly important because they transcend the
different levels of care a patient will experience during the first 48 h of
hospitalization: from the ED, to the ICU, to the floor. Practitioners are
encouraged to exercise judicious use of crystalloid fluid administration
through themultiple levels of care of our patients and titrate fluid treat-
ment according to physiologic requirement. A prospective trial compar-
ing different fluid regimens is warranted to elucidate the fine balance
between enough fluid volume to compensate for the capillary leak
physiology of acutely inflamed patients and not too much that they
then suffer from fluid-associated complications.
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