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Objectives: To determine common practice for fluid management 
after cardiac surgery for congenital heart disease among pediatric 
cardiac intensivists.
Design: A survey consisting of 17 questions about fluid manage-
ment practices after pediatric cardiac surgery. Distribution was 
done by email, social media, World Federation of Pediatric Inten-
sive and Critical Care Societies website, and World Federation of 
Pediatric Intensive and Critical Care Societies newsletter using 
the electronic survey distribution and collection system Research 
Electronic Data Capture.
Setting: PICUs around the world.
Subjects: Pediatric intensivists managing children after surgery for 
congenital heart disease.
Interventions: None.
Measurements and Main Results: One-hundred eight responses 
from 18 countries and six continents were received. The most 
common prescribed fluids for IV maintenance are isotonic solu-
tions, mainly NaCl 0.9% (42%); followed by hypotonic fluids 
(33%) and balanced crystalloids solutions (14%). The majority of 
the respondents limit total fluid intake to 50% during the first 24 
hours after cardiac surgery. The most frequently used fluid as first 
choice for resuscitation is NaCl 0.9% (44%), the second most 
frequent choice are colloids (27%). Furthermore, 64% of respon-

dents switch to a second fluid for ongoing resuscitation, 76% of 
these choose a colloid. Albumin 5% is the most commonly used 
colloid (61%). Almost all respondents (96%) agree there is a 
need for research on this topic.
Conclusions: Our survey demonstrates great variation in fluid 
management practices, not only for maintenance fluids but also 
for volume resuscitation. Despite the lack of evidence, colloids are 
frequently administered. The results highlight the need for further 
research and evidence-based guidelines on this topic. (Pediatr 
Crit Care Med 2019; 20:357–364)
Key Words: cardiac surgery; colloids; congenital heart disease; 
crystalloids; fluid management; pediatric intensive care

Fluid management of the postoperative pediatric car-
diac patient is a challenging and important aspect in the 
practice of any pediatric cardiac intensivist. In the last 

10 years there has been increasing evidence that fluid over-
load in the pediatric cardiac critical care setting is associated 
with worsened lung, heart and kidney function and an overall 
worse outcomes, such as survival, PICU length of stay (LOS) 
and hospital LOS (1–13). This fluid overload can be caused by 
a systemic inflammatory reaction and capillary leak post-car-
diopulmonary bypass (CPB), excessive fluid administration, 
reduced fluid removal due to acute kidney injury (AKI), or a 
combination of these.

Results from fluid resuscitation studies (14–17) and stud-
ies on hospitalized children (18–24) suggest that the type of 
fluid used for resuscitation and maintenance might also have 
important consequences, such as hyponatremia, hyperchlore-
mia, prolonged hospital LOS, and even reduced survival.

Despite being one of the most common prescriptions a car-
diac intensivist provides for the management of children after 
surgery for congenital and acquire heart disease, there are no 
clinical guidelines on the type and amount of fluid that should 
be administered for maintenance and fluid resuscitation in the 
postoperative period. Also, the pediatric cardiac intensive care 
society has stated this as an important issue and expressed the 
need for further research on this topic (25).DOI: 10.1097/PCC.0000000000001818
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Furthermore, there is currently no information on which 
fluid management strategies are commonly being used in 
pediatric cardiac ICUs (PCICUs) around the world. Hence, 
we conducted a survey to describe common practice around 
fluid administration in PCICU; we aim to determine the char-
acteristics of fluid administration for the acute management of 
children after surgery for congenital or acquired heart disease. 
We hypothesized that there is a large variability in practices 
concerning fluid management in PCICU’s around the world.

METHODS

Survey Development
A MEDLINE and EMBASE literature review were conducted to 
identify the most relevant topics surrounding fluid management. 
After the main domains and items were identified, a draft ques-
tionnaire was developed, reflecting common practices in fluid 
management. The survey was pilot tested and validated among 
four pediatric cardiac intensivists from our own PCICU at the 
Stollery Children’s Hospital in Edmonton, Alberta, Canada using 
a modified clinical sensibility tool (26). This was followed by 
semi-structured feedback on each question in the survey regard-
ing its comprehensiveness and wording, presence of any redun-
dant or inappropriate items, and whether the questionnaire 
addressed the objectives of the survey. This feedback resulted in 
minor changes to the survey questions. The pilot-test responses 
were not included in the final analysis and survey results.

The final survey consisted of 17 questions with one pos-
sible answer to multiple choice questions, organized over three 
sections. The first section included questions about demo-
graphics, the second section included questions about fluid 
management practice, and the third section included ques-
tions about economics, availability, and scientific evidence 
(Appendix I, Supplemental Digital Content 1, http://links.lww.
com/PCC/A852).

The study was approved by the University of Alberta Health 
Research Ethics Board.

Survey Distribution
The survey was distributed by email and study data were col-
lected and managed using Research Electronic Data Capture 
(REDCap), an electronic, secure, survey distribution, and col-
lection system (REDCap) hosted by the Women & Children’s 
Health research Institute affiliated with the University of 
Alberta (27). REDCap is a secure, web-based application that 
anonymizes data, aggregates results, and ensures that individ-
ual responses are not identified. An email list was generated by 
the investigators from contacts from our own PCICU intensiv-
ists. The first invitation with a link to the survey was emailed in 
June 2017, and up to three reminders were sent weekly to those 
who did not respond. An invitation to the survey was also elec-
tronically distributed to members of the World Federation of 
Pediatric Intensive and Critical Care Societies (WFPICCS) 
through the WFPICCS newsletter and the WFPICCS homep-
age. Links to the survey were also spread using social media as 
Twitter and Facebook. The survey was closed end of July 2017.

Statistical Analysis
Prespecified categories were created to identify low- and high-
volume PCICU’s, and high- or low-acuity PCICU’s. High-vol-
ume PCICU’s were defined as having more than 450 cardiac 
surgeries per year, low volume as less than 450 cardiac surger-
ies per year. Large PCICU’s were defined as having more than 
10 beds. Countries were classified by income according to The 
World Bank income groups.

The most common used fluids were analyzed according to 
their use as maintenance or resuscitation fluid. For interpreta-
tion of the responses maintenance fluids were categorized into 
five pragmatic groups: “NaCl 0.9%,” “Hypotonic Fluids” (NaCl 
0.45%, NaCl 0.3%, NaCl 0.2%, NaCl 0.18%, and dextrose solu-
tions without electrolytes), “Balanced Fluids” (Ringers Lactate, 
Ringers Acetate, Plasmalyte, and Hartmann), and “Other” 
(responses that indicated “other”). Resuscitation fluids were 
categorized into four groups: “NaCl 0.9%,” “Balanced Fluids” 
(Ringers Lactate, Ringers Acetate, Plasmalyte, and Hartmann), 
“Colloids” (Albumin 5%, Albumin 4%, Gelofusine, 
Hydroxyethyl starch, Fresh Frozen, Plasma, and Dextranes,” 
and “Other” (responses that indicated “other”).

Incomplete surveys were included as the information pro-
vided for the answered questions contribute to the evidence 
around a specific topic within the survey. For each particular 
question, the denominator is based on the number of respon-
dents. Data were analyzed using the statistical data analy-
sis package Stata Version 10.0 software (Stata Corporation, 
College Station, TX). Descriptive methods with mean (sd) and 
proportions with 95% CIs were used to describe the responses. 
Fisher exact test was used to identify the relationship between 
the responses and low- or high-volume PCICU’s. All statistical 
tests were two-sided, and statistical significance was defined as 
a p value of less than 0.05.

RESULTS

Demographics
A total of 108 responses were received, of which 92 were 
complete. All responses were included in the final analysis. 
Responses were obtained from 18 different countries and six 
continents (Fig. 1). Because the survey was distributed via 
email, newsletter, a webpage, and social media it was impos-
sible for us to determine a survey response rate. Demographics 
and characteristics of the respondents are shown in Table 1. 
The majority of respondents came from a high-income coun-
try (79%), had more than 10 years of experience (61%), worked 
in a mixed PICU (46%) with 11–20 beds (54%), and 150–300 
cases a year (37%) (Table 1).

Fluid Management Practices
The Holliday formula (28) is used by the majority of pediatric 
intensivists (n = 60; 69%; 95% CI, 59–78) to calculate the total 
amount of fluid intake (TFI). During the first 24 hours follow-
ing surgery with CPB, almost half of the respondents (n = 45; 
52%; 95% CI, 41–63) limit the amount of fluid intake to 50% 
of the calculated TFI. For the first 24 hours following surgery 
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without CPB respondents are more prone to use 75% of the 
calculated TFI (Table 2). The most common prescribed fluid 
for maintenance is NaCl 0.9% (n = 36; 42%; 95% CI, 31–52), 
followed by NaCl 0.45% (n = 22; 26%; 95% CI, 16–34). Over-
all, hypotonic fluids are being used by 33% of respondents and 
balanced fluids by 14% (Fig. 2). A different maintenance fluid 
is prescribed for children younger than 3 months by 22% of 
respondents. The type of fluid used for children younger than 
3 months is however very variable (Table 2).

When fluids are being used for volume resuscitation the 
first most common choice is NaCl 0.9% (n = 38; 44%; 95% 
CI, 33–54). This is followed by colloids as a group as a first 
choice of resuscitation by 27% of the respondents (Table 3). 
When intensivists were asked if they use the same fluid for 
ongoing resuscitation or if they change the type of fluid used, 
64% respondents answered they switch to a different fluid 
for ongoing volume resuscitation. For those using a different 
fluid for ongoing resuscitation, 80% of them use colloids, with 
Albumin 5% being the most common choice (47%). When 
physicians were asked if colloids are being used at all at any 

time during resuscitation, the 
answer was yes for almost 2 of 
3 of the respondents (n = 66; 
77%; 95% CI, 67–85). Again, 
Albumin 5% was reported 
as the most common col-
loid being used followed by 
Albumin 4% (Table 3).

Economics, Availability, 
and Scientific Evidence
In an attempt to understand 
the decision process for fluid 
selection, the intensivists were 
asked whether the economic 
cost of fluids have any influ-
ence in their prescription 
practice. For almost half of 
the respondents (n = 37; 44%; 
95% CI, 33–54) cost has no 
role on their decision while 
this is an important issue for 
a minority of the respondents 
(n = 11; 13%; 95% CI, 5–20) 
(Table 4). When intensivists 
were asked which was, in their 
personal opinion and regard-
less of what was available in 
their units, the best fluid for 
maintenance and volume 
resuscitation in children with 
heart disease; the answers 
showed a great degree of vari-
ability (Table 4).

With regards of the need 
for guidelines and recom-

mendations, 81% of the respondents agree that there is a need 
for clinical guidelines on fluid management for children with 
heart disease and 96% agree there is a need for more research 
on this topic (Table 4).

Analysis of Responses From High-Volume Compared 
With Low-Volume
Interestingly, the TFI prescribed in high-volume PCICU’s 
is significantly lower than in low-volume PCICU’s. Eighty-
two percent of the respondents from high-volume PCICU’s 
use 50% or less of TFI in the first 24 hours after surgery for 
heart disease with CPB versus 53% of the respondents in low-
volume PCICU’s (p = 0.01). There was also a significant dif-
ference in colloid use based on PCICU volumes, 84% of the 
respondents from low-volume PCICU’s are using colloids for 
resuscitation versus 54% of the respondents from high-vol-
ume PCICU’s (p = 0.008). The choice for best fluid for volume 
resuscitation was also different between high- and low-volume 
PCICU’s (p = 0.017) with a higher proportion of low-volume 
centers using Albumin and Ringer’s lactate while Gelofusine 

Figure 1. Geographical distribution of respondents. The number of respondents is shown on the y-axis; 
countries are shown on the x-axis. Numbers are the total amount of responses received from that country. 
Countries from which we received responses are colored black.
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was more common in high-volume centers (Table 5). There 
were no other significant differences between high- and low-
volume PCICU’s. (data not shown)

DISCUSSION
Our study demonstrates that there is currently a large vari-
ability in fluid management practices in PCICU’s around the 
world. This is true not only for how fluid intake is calculated 
but also for the type of fluid used for maintenance and fluid 
resuscitation. Even more, despite the lack of available evidence 
in their favor, colloids are frequently being used for volume 
resuscitation in children with heart disease. This variability 
may reflect lack of evidence or lack of availability of preferred 
fluids.

The postoperative pediatric cardiac patient is a very specific 
subtype of patient with its own pathophysiology warranting 
a very unique approach. The administration of fluid in this 
setting is a function of multiple complex variables. Different 
circumstances like bleeding, cardiac dysfunction, kidney dys-
function, glycocalyx dysfunction, and capillary leak syndrome 

TABLE 1. Respondents Characteristics

Demographics n (%)

Countries

 High-income 84 (79)

 High middle-income 15 (14)

 Low middle-income 7 (7)

 Low-income 0 (0)

Type of PICU

 Cardiac PICU only 32 (30)

 Mixed PICU 48 (46)

 Cardiac and general PICU separately 13 (12)

 General PICU only 13 (12)

Years of experience

 1–5 15 (15)

 6–10 23 (24)

 > 10 60 (61)

Number of operational beds

 < 10 15 (15)

 11–20 53 (54)

 > 20 30 (31)

Number of cardiac surgeries per year

 < 150 17 (17)

 150–300 36 (37)

 301–450 18 (19)

 > 450 26 (27)

n = number of respondents.

TABLE 2. Maintenance Fluid Practices

Maintenance Fluid Practices n Proportion (95% CI)

Formula used to calculate the TFI

 Holliday 60 0.68 (0.59–0.78)

 Adelman 5 0.05 (0.00–0.10)

 Oh 6 0.06 (0.01–0.12)

 Hourly calculation insensible 
loses + urine output

1 0.01 (0.00–0.03)

 Other 15 017 (0.09–0.25)

Proportion of the calculated TFI administered in the first 24 hr 
postcardiac surgery with CPB

 Maximum 25% TFI 7 0.08 (0.02–0.14)

 Maximum 50% TFI 45 0.52 (0.41–0.63)

 Maximum 75% TFI 23 0.27 (0.17–0.36)

 Maximum 100% TFI 9 0.11 (0.03–0.17)

 No limit 2 0.02 (0.00–0.05)

Proportion of the calculated TFI administered in the first 24 hr 
postcardiac surgery without CPB

 Maximum 25% TFI — —

 Maximum 50% TFI 11 0.13 (0.05–0.19)

 Maximum 75% TFI 47 0.54 (0.43–0.65)

 Maximum 100% TFI 24 0.28 (0.18–0.37)

 No limit 4 0.05 (0.00–0.09)

Type of fluid routinely used for IV maintenance fluid

 NaCl 0.9% 36 0.42 (0.31–0.52)

 NaCl 0.45% 22 0.26 (0.16–0.34)

 NaCl 0.3% (2/3–1/3) 1 0.01 (0.00–0.03)

 Dextrose (without electrolytes) 5 0.06 (0.00–0.10)

 Ringer’s lactate 6 0.07 (0.01–0.12)

 Plasmalyte 6 0.07 (0.01–0.12)

 Other 10 0.11 (0.04–0.18)

Is a different IV maintenance fluid routinely used for children 
younger than 3 mo?

 No 69 0.78 (0.69–0.87)

 Yes 19 0.22 (0.12–0.30)

If “yes” please indicate which fluid

 NaCl 0.9% 4 0.21 (0.00–0.41)

 NaCl 0.45% 4 0.21 (0.00–0.41)

 NaCl 0.3% (2/3–1/3) 1 0.05 (0.00–0.16)

 Dextrose (without electrolytes) 3 0.16 (0.02–0.33)

 Total parenteral nutrition 2 0.11 (0.00–0.25)

 Other 5 0.26 (0.04–0.48)

CPB = cardiopulmonary bypass, n = number of respondents, TFI = total fluid intake.
Fluids chosen for maintenance could be with or without dextrose added.
Dashes indicate no results or no response.
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all play a role in the clinicians decision-making in administer-
ing fluids, whether that is for fluid resuscitation or as a main-
tenance fluid. A certain amount of fluid is also necessary to 
deliver adequate nutrition. On the one hand, fluid overload has 
been associated with worse clinical outcomes (1–12); on the 
other hand, there is a realistic concern about causing prerenal 
AKI in this fragile population (4, 6). In a very recent meta-
analysis, Alobaidi et al (13) confirmed that fluid overload is 
common and is associated with morbidity and mortality in 
critically ill children. This meta-analysis included several stud-
ies with children postcardiac surgery. From this meta-analysis, 
a couple important aspects rise for further research. First, how 
do we define fluid overload? Second, how do we measure fluid 
overload? And third, how do we prevent or manage fluid over-
load? Further research on this is needed specifically in the set-
ting of surgery of congenital heart disease.

There are currently no pediatric prospective studies inves-
tigating which fluid is most appropriate for maintenance infu-
sion (balanced vs unbalanced, isotonic vs hypotonic) in the 
postoperative pediatric cardiac patient. The largest random-
ized trials comparing NaCl 0.9% with a balanced solution have 
been in the adult critical care setting (29, 30) and any pediat-
ric studies investigating maintenance infusions were small and 
were in a noncardiac setting (31–33). We found that the most 
common prescribed maintenance fluid is still NaCl 0.9%, com-
monly called “Normal Saline.” This is in contrast to increasing 
reports from retrospective studies that hyperchloremia and 
hyperchloremic acidosis might cause significant comorbidity 
in the critically ill population (17, 34, 35). Balanced fluids are 
only being used by about 14% of respondents. The fact that 
NaCl 0.9% is still being preferred as a maintenance infusion is 
probably because in current literature there has been no proven 
benefit of balanced crystalloids over NaCl 0.9%. There are also 
practical concerns regarding osmolality, compatibility issues 
with medication and potassium content that is preventing bal-
anced solutions to become the standard fluid for maintenance.

Of interest is the fact that hypotonic fluids are still being 
used by one-third of respondents. This is in stark contrast with 
evidence that hypotonic fluids should not be used for hospital-
ized children (19, 24, 36–39). The reason for this cannot be 
explained other than habit. More awareness for the dangers of 

hypotonic fluids in the pediatric cardiac critical care setting is 
urgently needed. Also of interest is that 22% of respondents 
changes their choice of maintenance fluid for children younger 
than 3 months but that the choice is very variable if they do. 
This also can be explained by a lack of evidence and guide-
lines. Indeed, it is very challenging to find any evidence on the 
fluid and electrolyte needs of children younger than 3 months 
and whether their management should be different than older 
children.

Figure 2. Use of fluids as per indication. Use of fluids arranged by 
indication. The percentage of responses per indication is shown on the 
y-axis. The type of fluid arranged by indication is shown on the x-axis.

TABLE 3. Fluid Resuscitation Practices

Resuscitation Fluid Practices n Proportion (95% CI)

Type of fluid routinely used as a first choice for fluid 
resuscitation

 NaCl 0.9% 38 0.44 (0.33–0.54)

 Ringer’s lactate 13 0.15 (0.07–0.22)

 Plasmalyte 9 0.10 (0.38–0.17)

 Other 3 0.04 (0.00–0.74)

 Albumin 5% 14 0.16 (0.08–0.24)

 Gelofusine 5 0.60 (0.00–0.10)

 Albumin 4% 4 0.05 (0.00–0.09)

Is there a second choice of fluid for fluid resuscitation in the 
event of ongoing fluid resuscitation?

 No 40 0.46 (0.35–0.56)

 Yes 47 0.54 (0.43–0.64)

If “yes” please indicate which type of fluid

 NaCl 0.9% 2 0.04 (0.01–0.10)

 Ringer’s lactate 4 0.09 (0.00–0.16)

 Plasmalyte 3 0.06 (0.00–0.13)

 Albumin 5% 22 0.47 (0.31–0.61)

 Gelofusine 3 0.06 (0.00–0.13)

 Albumin 4% 10 0.21 (0.09–0.33)

 Fresh frozen plasma 2 0.04 (0.01–0.10)

 Hydroxyethyl starch 1 0.02 (0.02–0.06)

Are colloids ever being used in your PICU for fluid 
resuscitation?

 No 20 0.23 (0.11–0.32)

 Yes 66 0.77 (0.67–0.85)

Which colloid is being used in your PICU for fluid resuscitation?

 Albumin 5% 40 0.61 (0.48–0.72)

 Albumin 4% 16 0.24 (0.13–0.34)

 Gelofusine 5 0.08 (0.01–0.14)

 Fresh frozen plasma 4 0.06 (0.00–0.11)

 Hydroxyethyl starch 1 0.01 (0.00–0.04)

n = number of respondents.
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Most respondents reported that they limit TFI to 50% 
after surgery with CPB and to 75% after surgery without 
CPB. Although we have evidence that fluid overload is harm-
ful for patients, there is no evidence on which extent of fluid 

restriction is beneficial for the postoperative pediatric cardiac 
patient. Interestingly, fluid restriction is applied more in high-
volume PCICU’s. Whether this approach is the result of expe-
rience and better clinical outcomes is unknown. A recent adult 
critical care study showed that the volume of fluid and the load 
of sodium and chloride from nonresuscitation fluids have a 
larger impact on the cumulative fluid balance than we might 
have realized (40). Further pediatric research in a cardiac set-
ting would be highly desired.

When it comes to fluid resuscitation, it is not surprising that 
NaCl 0.9% as well is the fluid of choice for resuscitation. More 
unexpected is that colloids are being used by a significant num-
ber of respondents as a first choice of resuscitation, and even in 
80% as a second choice. There are currently no studies compar-
ing the use of colloids versus crystalloids in the pediatric cardiac 
critical care setting, but from the adult critical care literature 
there is no evidence supporting the systematic use of colloids 
as a first choice of resuscitation (41, 42). A recent retrospective 

TABLE 4. Economics, Availability, and 
Scientific Evidence

Economics, Availability,  
and Scientific Evidence n Proportion (95% CI)

Does economic cost influence the availability of fluids in your 
PICU?

 Not at all 37 0.44 (0.33–0.54)

 Small role 36 0.43 (0.32–0.53)

 Important role 11 0.13 (0.05–0.20)

In your opinion which type of fluid is best for IV maintenance?

 NaCl 0.9% 20 0.24 (0.15–0.33)

 NaCl 0.45% 19 0.23 (0.13–0.31)

 Plasmalyte 22 0.26 (0.16–0.35)

 Ringer’s lactate 10 0.12 (0.048–0.18)

 NaCl 0.3% (2/3–1/3) 1 0.01 (0.00–0.03)

 Other 5 0.06 (0.00–0.11)

 Hartman 2 0.02 (0.00–0.05)

 Don’t know 3 0.04 (0.00–0.076)

 Dextrose 2 0.02 (0.00–0.06)

In your opinion which type of fluid is the best for fluid 
resuscitation?

 NaCl 0.9% 25 0.30 (0.20–0.40)

 Plasmalyte 21 0.25 (0.15–0.34)

 Albumin 5% 12 0.14 (0.06–0.30)

 Albumin 4% 1 0.01 (0.00–0.03)

 Gelofusine 2 0.02 (0.00–0.06)

 Ringer’s lactate 14 0.17 (0.08–0.25)

 Don’t know 7 0.08 (0.02–0.14)

 Hartman 1 0.01 (0.00–0.03)

 Hydroxyethyl starch 1 0.01 (0.00–0.03)

Is there a need for guidelines and/or recommendations on fluid 
management in pediatric patients with heart disease?

 No 12 0.14 (0.06–0.22)

 Yes 69 0.81 (0.72–0.89)

 Don’t know 4 0.05 (0.00–0.09)

Is there a need for more research about fluid management in 
children with heart disease?

 No 3 0.04 (0.00–0.08)

 Yes 81 0.96 (0.92–1.00)

n = number of respondents.

TABLE 5. Comparison of High- Versus Low-
Volume Centers

Questions From Questionnaire
High, 
 n (%)

Low,  
n (%) p

Proportion of the calculated TFI administered in the first 24 hr 
postcardiac surgery with cardiopulmonary bypass

 Maximum 25% TFI 4 (18) 3 (5)

0.011

 Maximum 50% TFI 14 (64) 31 (48)

 Maximum 75% TFI 1 (4) 22 (34)

 Maximum 100% TFI 2 (1) 7 (11)

 No limit 1 (4) 1 (2)

Are colloids ever being used in your PICU for fluid resuscitation?

 No 10 (45) 10 (15)
0.008

 Yes 12 (54) 54 (84)

In your opinion which type of fluid is the best for fluid 
resuscitation?

 NaCl 0.9% 7 (32) 18 (29)

0.017

 Plasmalyte 7 (32) 14 (23)

 Albumin 5% 2 (9) 10 (16)

 Albumin 4% 0 (0) 1 (2)

 Gelofusine 2 (9) 0 (0)

 Ringer’s lactate 0 (0) 14 (23)

 Don’t know 3 (14) 4 (6)

 Hartman 1 (5) 0 (0)

 Hydroxyethyl starch 0 (0) 1 (2)

n = number of respondents, TFI = total fluid intake.
p values in column 3 are for entire shaded section (i.e., Proportion of the 
calculated TFI  administered in the first 24 hr postcardiac surgery with 
cardiopulmonary bypass; Are colloids ever being used in your PICU for fluid 
resuscitation?; and In your opinion which type of fluid is the best for fluid 
resuscitation?)
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cohort study conducted by our group showed that the use of 
albumin 5% versus a crystalloid for resuscitation did not have 
any advantage. Indeed, the use of crystalloids was even associated 
with reduced fluid administration and shorter PCICU LOS (data 
not shown).

Our study has several strengths. This is the first study docu-
menting fluid management practices in the pediatric cardiac 
critical care setting. The survey was developed and validated 
using strict methodology. We received responses from multiple 
different regions in the world, ranging from high-income to 
lower middle-income countries. Respondents were experi-
enced and mainly working in large PCICU’s. We believe our 
study gives a good representation of current fluid management 
practices around the world.

This study also has some limitations. First, the survey was 
not only sent to individuals but also was advertised through 
social media and the WFPICCS. Hence, it is impossible for us 
to provide an accurate response rate. Second, the survey was 
only available in English and selection bias could have poten-
tially affected the results. Third, we were not able to reach 
any low-income countries, although the number of dedicated 
PCICU’s in low-income countries is probably lower. Fourth, 
when we inquire about fluid resuscitation the volumes used 
and rates of infusions were not investigated. Fifth, when ask-
ing about maintenance fluids’ composition we decided not 
to include questions about glucose concentration. This was 
decided to keep answers simpler and to keep the focus of the 
survey on electrolytes composition of these infusions. Finally, 
answers given by the respondents may reflect the participants’ 
opinion but not what is actually prescribed at the patients’ 
bedside.

A future cross-sectional study would be necessary to pro-
vide more detail information about fluid management prac-
tices in PCICU including glucose composition of maintenance 
fluids, and volume and rate of infusions used for resuscitation.

CONCLUSIONS
Our survey demonstrates great variability in fluid manage-
ment practices for children with heart disease. This variability 
involves not only how TFI is calculated but also which type of 
fluid is chosen and the amount being used for maintenance. 
Fluid prescription during volume resuscitation also showed 
significant variation in practice, and despite not clear evidence 
for its benefit, colloids are still being administered to this popu-
lation. The results of this survey highlight the need for research 
in this field and the development of evidence-based guidelines.
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