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Abstract

Introduction: Fluid stewardship targets optimal fluid management to improve patient outcomes. Intravenous (IV)
medications, flushes, and blood products, collectively referred to as hidden fluids, contribute to fluid intake in the intensive
care unit (ICU). The impact of specific IV medications on fluid intake is unknown. Objective: Characterize IV medication
classes based on contribution to ICU fluid intake by frequency of administration and total volume infused to identify targets
for fluid stewardship. Methods: This multi-center, retrospective nested cohort study included patients admitted to a medical
or surgical ICU between January 2017 and December 2018. The primary outcome was to identify the volume contribution of
specific IV medication classes administered over the first 3 ICU days. Secondary outcomes were the administration frequency
of these medications and their proportion of total daily volume intake over the first 3 ICU days. Results: The study
included 210 patients. The largest mean administration volumes over the course of the first 3 ICU days were attributed to
antibacterials (968 = 846 mL), vitamins/minerals/electrolytes (416 = 935mL), pain/agitation/delirium agents (310 =512mL),
and vasoactive agents (282 = 744 mL). The highest frequencies over the course of the first 3 ICU days were attributed to
antibacterials (n=180; 86%), pain/agitation/delirium agents (n=143; 68%), vitamins/minerals/electrolytes (n=123; 59%), and
vasoactive agents (n=96; 46%). IV medications contributed 2601 = 2573 mL of fluid volume per patient over the first 3 ICU
days, accounting for 42% *29% of overall volume. Conclusion: IV medications contribute over 40% of total fluid intake
within the first 3days of ICU admission, with antibacterials as top contributors by administration volume and frequency.
Future research implementing fluid stewardship to ICU fluid sources, such as concentrating IV medications, switching IV
medications to oral formulations, de-escalation of antibacterials, and reduction of maintenance fluids, should be performed
to minimize hidden fluids from IV medications.
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potential to optimize patient outcomes.">* In fact, achieving
negative fluid balance either actively or passively has been
shown to shorten the duration of complications and reduce
mortality.” Hidden fluids, which consist of IV medications,
blood products, and flushes, may be a significant contributor
to the “right dose.”!' Hidden fluids are not always considered
when evaluating fluid intake at the bedside, as their volumes
are not specifically prescribed, but recent data indicate that
IV medication diluents may provide the largest volume of
fluid sources, especially when administered intermittently.®
Data have demonstrated that IV medications contribute 61%
of total fluid intake on the first day of ICU admission and
40% over the first 7days.®” However, literature generalizes
this data to all IV medications without specifying fluid con-
tribution by medication class.

Identifying such classes may highlight fluid sources that
can be minimized to reduce cumulative fluid balance and
complications of FO as well as improve patient outcomes.
The purpose of this study was to characterize which indi-
vidual IV medication classes contribute most toward the
fluid intake of critically ill patients during the first 3 days of
ICU admission.

Methods

This retrospective, nested cohort study was conducted at 3
sites across the state of Georgia, including a large academic
medical center and 2 community hospitals. All sites imple-
mented medication barcode scanning for nurse charting,
stocked products similar in concentration (Supplemental
Table 1), and used a decentralized pharmacy model involv-
ing rounding clinical pharmacists. No formal fluid steward-
ship efforts were performed at any site at the time of this
study. The study was approved by a central institutional
review board at the University of Georgia and was acknowl-
edged and/or approved separately by the institutional review
board at each site.

Patients were eligible for inclusion if they were at least
18 years old, admitted into a medical or surgical ICU between
January 2017 and December 2018, and had an ICU length of
stay of at least 4days. Exclusion criteria included patients
who were pregnant, received total parenteral nutrition, had
end stage renal disease or any form of renal replacement
therapy, were admitted to the ICU under a “do not resusci-
tate” or “do not intubate” status, were transferred from an
external hospital, or had a specific indication for mainte-
nance intravenous fluids (mIVF). Indications for mIVF
included diabetic ketoacidosis, diabetes insipidus, cerebral
salt wasting, high output fistula (volume >500mL/day),
high output drains (volume >500mL/day), tumor lysis syn-
drome, or rhabdomyolysis.

The primary outcome was the volume of specific IV
medications administered over the first 3 ICU days. The
cumulative mean volume was defined as the mean of the
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Table |. Baseline Characteristics.
n=210
Age, years 62+ 148
Male 114 (54)
Race
Caucasian 121 (58)
African American 80 (38)
Other/unknown 9 (4)
Weight, kg 844294
Height, cm 170.1 = 10.6
Past medical history
Congestive heart failure 98 (47)
Chronic lung disease 69 (33)
Cancer 31 (15)
Chronic kidney disease 32 (15)
Atrial fibrillation 19 (9)
Chronic liver disease 17 (8)
LVEF =40% 13 (6)
SOFA score on Day | 59+34
ICU types
Medical 200 (95)
Surgical 10 (5)

Note. Values represented as number (%) or mean = standard deviation.
LVEF =left ventricular ejection fraction; SOFA = sequential organ failure
assessment; ICU =intensive care unit.

total volume captured per patient over the first 3 ICU days.
Secondary outcomes included the frequency of specific [V
medications, which was defined as the proportion of
patients who received each medication, and the proportion
of total fluid intake made up by IV medications over the
first 3 ICU days.

Hidden fluids were defined as blood products, enteral
nutrition, flushes, and IV medications, the volumes of which
are not specifically prescribed. IV medications were catego-
rized as albumin, antiarrhythmics, antibacterials, anticoagu-
lants, anticonvulsants, antifungals, antivirals, dextrose,
diuretics, insulin infusions, pain/agitation/delirium (PAD)
agents, proton pump inhibitor (PPI) boluses and infusions,
sodium bicarbonate, vasoactive agents, and vitamins/miner-
als/electrolytes (VME). Antihypertensive medications were
included within the vasoactive agent category. Complete
fluid sources were defined as resuscitation, maintenance, and
hidden fluids. Fluid data were collected daily over the first 3
calendar ICU days from the time of admission, not a 24-hour
period. Volumes on Day 1 that were administered on a previ-
ous floor or in the emergency department were excluded.

All statistical analyses were performed using SPSS®
Statistics Version 26. All results were reported using descrip-
tive statistics. Data followed a parametric distribution. As
such, continuous variables were reported as mean and stan-
dard deviation and categorical variables were reported as
number and percentage.
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Table 2. Cumulative Mean Volume and Administration
Frequency by IV Medication Class over the First 3 ICU Days,
among All Included Patients (n=210).

Fluid Volume (mL) Frequency
Albumin 39+ 166 16 (8)
Antiarrhythmic 56 =231 18 (9)
Antibacterials 968 + 846 180 (86)
Anticoagulants 117 =407 39 (19)
Anticonvulsants 44+ 170 22 (10)
Antifungals 38+ 141 17 (8)
Antivirals 8+ 62 4(2)
Dextrose 38426 20 (10)
Diuretics 2=x11 24 (11)
Insulin I1*51 19 (9)
PAD agents 310512 143 (68)
PPI Bolus 2+ 16 7 (3)
PPI Infusion 22*118 8 (4)
Sodium bicarbonate 176 = 675 23 (11)
Vasoactive agents 282 +744 96 (46)
VME 416 =935 123 (59)

Note. Values represented as number (%) or mean = standard deviation.
PAD = pain/agitation/delirium; PPI=proton pump inhibitor;
VME = vitamins/minerals/electrolytes.

Results

Actotal of 210 patients were included in this study. The cohort
was predominantly male (54%) with a mean age of
62 *+ 14.8 years with the most common co-morbidities being
congestive heart failure (47%) and chronic lung disease
(33%). The majority of patients were admitted to a medical
ICU (95%). Baseline characteristics of all patients are sum-
marized in Table 1.

The IV medication classes with the largest cumulative
mean volumes and highest administration frequencies over
the first 3 ICU days (n=210) include antibacterials, VME,
PAD agents, and vasoactive agents. Complete cumulative
mean volumes and administration frequencies are reported
in Table 2. Complete daily administration volume, among
only patients who received each medication, is reported in
Figure 1. The proportion of patients who received each med-
ication is reported in Figure 2.

The proportion of daily fluid intake of maintenance/resus-
citation, IV medications, and other sources of hidden fluids
per patient over the first 3 ICU days (n=135) were
43% *=30%, 42% £29%, and 14% = 18%, respectively.
These proportions correspond to mean volumes of
3271 +2942mL, 2601 +2573mL, and 1027 % 1337mL,
respectively. Hidden fluids collectively contributed
56% = 30% of fluid intake per patient over the course of the
first 3 ICU days, which corresponds to 3629 =2913 mL.
Complete daily proportion of fluid intake results are reported
in Figure 3, among all patients included in the study.

Discussion

Antibacterials, VME, PAD agents, and vasoactive agents
may act as key targets for fluid stewardship interventions due
to their large volume and high frequency of administration.
In particular, antibacterials contribute the most to fluid intake
over the first 3 ICU days with both the highest frequency of
administration and cumulative largest volume.

Antibacterial agents present strong targets for steward-
ship both from a volume and antimicrobial perspective
within an ICU setting. The high rate of prescribing observed
in this study is similar to the reported literature, with nearly
70% of all patients receiving an antibacterial agent.® Empiric
antibacterial therapy often consists of 2 or more agents and is
traditionally de-escalated to fewer agents in the effort to
direct therapy toward microbiologic data.>!'® Empiric therapy
commonly includes vancomycin, which is a strong target for
antimicrobial stewardship and fluid stewardship. A common
way to de-escalate empiric broad spectrum antibiotic ther-
apy, especially for respiratory and diabetic foot infections, is
through a polymerase chain reaction nares test for methicil-
lin resistant Staphylococcus aureus, which can lead to early
discontinuation of vancomycin when negative.'""'> Another
effective de-escalation method is switching from IV to oral
administration of antibiotics, when appropriate. Overall, the
efforts of antimicrobial stewardship that have been wildly
utilized indeed parallel the goals of fluid stewardship.

This study’s results regarding hidden fluids and more spe-
cifically IV medications are comparable with previous litera-
ture. Van Regenmortel et al quantified volume intake by
maintenance fluids and “fluid creep,” which was defined as
volumes attributed to electrolytes, flushes, and diluents.
Bashir et al evaluated “hidden obligatory” fluids contribition
to fluid intake. The hidden fluids data from Van Regenmortel
et al, Bashir et al, and this study resulted in hidden fluids
contributing 68.6%, 55.7%, and 56% to total fluid intake,
respectively.'>!* In the Hawkins and colleagues study, fluid
sources were quantified to highlight areas for volume mini-
mization with 61.4% of total volume intake on the first ICU
day and 40% over the first 7days sourced from IV medica-
tions.” These results suggest a discrepancy with the findings
from Day 1 (46%) of this study but are comparable for Days
2 (45%) and 3 (42%). This discrepancy could be explained
by the study design, in which Day 1 data represented the first
calendar day in the ICU as opposed to the 24-hour period
following ICU admission. Overall, the data show that the
contribution of IV medications remains relatively constant
over the course of an ICU stay and contributes substantial
volumes of hidden fluids, which do increase over the indexed
ICU admission.

The large impact of IV medications and other sources of
hidden fluids administration on total fluid intake should
influence how fluids are prescribed and administered. Bisher
et al concluded that hidden fluids should be incorporated in
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Figure |. Mean IV medication administration volume, among patients who received each medication (n=210)*.
*Day | represents a calendar day, not a 24-hour period. Day | data exclude administrations from a previous floor location or in the emergency
department prior to ICU admission, which may result in skewed values.
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Figure 2. Proportion of patients who received specific IV medications (n=210)*.
*Day | represents a calendar day, not a 24-hour period. Day | data exclude administrations from a previous floor location or in the emergency
department prior to ICU admission, which may result in skewed values.
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Figure 3. Mean proportion of fluid type by daily administration (n=[35)*.
Day | represents a calendar day, not a 24-hour period. Day | data exclude administrations from a previous floor location or in the emergency

department prior to ICU admission, which may result in skewed values.

*Cumulative proportion of each fluid type does not necessarily equal 100% because the proportions were calculated at the patient level as opposed to

the cohort level.

the evaluation of volume intake when managing fluid admin-
istration in critically ill patients.!* Van Regenmortel et al
more specifically suggested that maintenance fluids may be
avoided and electrolytes may be concentrated to reduce
“fluid creep” contribution.!* Furthermore, the results from
this study highlight the need to utilize fluid minimization.
Maintenance and resuscitation fluids can be targeted through
conservative dosing strategies, and all sources of hidden flu-
ids should be considered when assessing fluid balance. !
Focusing on the reduction of volumes associated with IV
medications, many methods many be considered. The most
effective approach is to discontinue these medications when
clinically appropriate. This could include the weaning or ces-
sation of IV infusions as well as discontinuing orders that
have been unused to avoid accidental administration.
Switching from IV to an enteral route would also avoid the
administration of these volumes altogether. However, this
requires the patient to be stable enough to tolerate oral intake
and to have appropriate diet orders, which may not be pos-
sible for this target ICU patient population. This may be
achievable for patient with enteral tubes, such as nasogastric.
Changing from IV infusion to IV push would significantly
reduce the administered volumes but may be restricted due to
lack of stability data or short half-lives of the medications.
Specifically for antibacterials, implementing extended or
continuous infusions may result in fewer required doses and
respectively reduce the volumes associated with these agents.

When these IV medications are necessary and the patient is
at risk for fluid overload or already has a positive fluid bal-
ance, concentrating infusions is an alternative option.
Although this would reduce the volumes administered, this
method is also associated with risks. Concentrated infusions
may require a central line, which puts the patient at addi-
tional risk for infection as well as the potential difficulty to
remove this access. Specific products, such as propofol, may
not be available commercially for sterile compounding and
would not be candidates for concentrating. Additionally, data
confirming the stability of these concentrated medications
may be lacking and therefore would be unsafe to administer
to a patient. The American Society of Health-System
Pharmacists (ASHP) acknowledges this approach when clin-
ically possible with respect to feasibility and fluid status.'®
However, it also encourages the use of premixed products or
standardized compounded concentrations as they have
proven stability and reduce medication errors.!¢

Although hidden fluids have been associated with the
development of fluid overload, future research should be
conducted to further confirm these trends over a longer ICU
stay.!” Other areas for further investigation include identify-
ing specific IV agents that contribute the most to intake as
targets for fluid stewardship, identifying admission diagno-
ses that may clinically benefit from targeted IV medication
volume minimization, evaluating the effects of stewardship
focused on hidden fluids on patient centered outcomes, and
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evaluating the association between IV medication adminis-
tration and fluid balance. Prescribing practices may also be
analyzed proceeding provider education and formal efforts
to minimize IV medication volumes.

Previous literature has identified IV medications as a
source of fluid intake in numerous instances, but this study is
the first to identify by medication class. Furthermore, the
multi-center design and incorporation of patients from both
academic and community hospitals, which increases gener-
alizability, are additional strengths. Limitations include the
observational design and predominant medical ICU popula-
tion. Data collection was limited by the accuracy of charting
and abstraction of data from the medical record; thus, it is
possible that fluids were administered and not captured in
our study due to incomplete documentation. Daily portion
results regarding resuscitation/maintenance and hidden flu-
ids were calculated from 135 patients, as these data were col-
lected from 2 of the 3 sites (2 community hospitals). Data
were collected over the course of the first 3 calendar days
after admission to the ICU and not over the course of
72 hours, which may have under-represented true volumes
and frequencies on day 1. Day 1 data exclude administra-
tions from a previous floor location or in the emergency
department prior to ICU admission, which may result in
skewed values. Although a detailed data dictionary was used
to standardize the data collection process across study sites,
differences in data collection among sites, especially com-
pounded by different medical record software, cannot be
ruled out. Additionally, admission diagnosis was not included
within data collection.

Conclusion

IV medications provide a significant proportion of total fluid
intake in the first 3 days in the ICU, with antibacterials as the
leading contributor. Overall, percent volume from hidden
fluids increases daily and contributes over half of total fluid
intake in this timeframe. Fluid stewardship initiatives may
significantly reduce total ICU volume intake by targeting [V
medications.
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