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ABSTRACT

Introduction: Fluid resuscitation is a major component of the acute management of critically ill patients. The phenomenon of
providing excessive fluid resuscitation volumes has been termed “fluid creep”. Today, the science of nursing becomes more
complex. Accurate fluid balance assessment and recording is important component of nursing care that assures patient’s safety
especially in critically ill patients. The aim of the work is to examine the effect of scenario based teaching for critical care nurses
and physicians on their knowledge of fluid balance & fluid creep.
Methods: The study design: pre & posttest research design. Setting: This study was implemented in general, trauma, obstetric
and burn intensive care units (ICUs) at Assiut university Hospital-Assiut-Egypt. Subjects: 35 critical care nurses and 29 intensive
care physicians were drawn from the previously mentioned ICUs. Methodology: A pre & posttest questionnaire of nurses’ and
physicians’ knowledge, perception and satisfaction regarding fluid creep and fluid balance was adapted from the articles and was
used in data collection before and after the application of scenario based teaching. This questionnaire was implemented on two
phases (pre and after the teaching program). The data was collected from January 2018 to July 2018.
Results: There is a considerable improvement in participants’ knowledge and perception concerning fluid balance and fluid creep
after applying the scenario based teaching (p value < .001).
Conclusions: Nowadays, nurses and physicians need advanced level of knowledge to be able to deal with the physiological
changes that occur in critically ill.
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1. INTRODUCTION
The management of intravenous fluids is important for phys-
iological stability and tissue oxygen improvement. As pa-
tient’s cardiac output increases consequently to fluid admin-
istration, the patient is effectively responses to fluid. On
the other hand, once fluid has been adequately resuscitated,
any additional fluid resuscitation may lead to fluid creep
that result in an increase in intravascular pressure and vascu-
lar permeability which lead to fluid leakage , tissue edema
,hypoxic index ,increased intra-abdominal pressure and in-

creased mortality.[1–4]

“Fluid creep” is a term recently applied to describe patients
who receive fluid well in excess of the volumes predicted by
traditional formulas for resuscitation such as the Parkland or
Brooke formulas.[5] Such over-resuscitation places patients
at increased risk of highly lethal complications to include
abdominal compartment syndrome.[6, 7]

A growing body of evidence suggests that excess fluid over-
load may be harmful to critically ill patients.[8] Recent stud-
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ies have reported that excess fluid has been associated with
adverse outcomes in patients with acute lung or kidney injury.
Based on the findings of the various studies that were con-
ducted on the intensive care patients suggesting that excess
fluid lead to negative outcomes, fluid balance assessment and
management become crucial in those patients.[9] Moreover,
in acutely ill patients positive mean daily fluid balance was
indicated as a considerable predictor of death.[10, 11] Rela-
tively little attention has been paid to the consequences of
excess fluid such as respiratory failure increased cardiac de-
mand and peripheral edema. Although there is no uniform
definition of excess fluid or fluid creep and well-designed
randomized clinical trials there appears to be a need to avoid
excessive fluid resuscitation in a subset of patients.[12]

The process of reviewing intravenous fluids and diuretics
prescription by junior doctors is very important. Accurate
knowledge of fluid status is crucial in any decision related to
patient’s care.[13] The Physical assessment and examination
of the patients and the measurement of biomarkers may be
useful but anomalies only begin to emerge once the fluid
state becomes severely abnormal. Inaccurate monitoring of
input/output may result in delayed identification of fluid state
distortions then ineffective decision-making.[14–16]

The accuracy of fluid balance control is an element of nursing
intervention that ensures patients’ safety, especially patients
requiring intensive care. Correct recording of fluids is a cor-
nerstone in the management of fluid balance. Any defect
in recording or missing numbers or observations can harm
the patients.[17–20] The nurses in the critical care settings
respond to the patient’s needs with the evidenced nursing
practice. The critical care nurse is the person who respon-
sible for accurate fluid balance recording. Therefore, the
nurse should recognize and respond to irregularities and fluid
balance disorders. Furthermore, closely observe the charts,
the hemodynamic stability.[18, 21]

The previous studies have shown that the nursing teaching
of nurses working in intensive care areas by the educational
method is very inefficient to enhance their knowledge and
practice. Therefore, it is important to use the suitable manner
in teaching the nurses in these areas. This teaching manner
should enhance and develop critical thinking and clinical
reasoning skills for nurses and enable them to response to
any demand or change in patients care or in the system of
health care. Scenario-based teaching is one of the teaching
system that depend on the philosophy to teach the learners
the skills of critical thinking.[22]

Scenario-based teaching is considered as an approach that
represents the strategy of implementing a task in a real situ-
ation. The use of various skills by the learners is the basic

of designing the teaching contents of the real scenarios. The
results of using such a method are the achieving and fulfill-
ment of the goals. In addition, learners become more familiar
with these methods of knowledge acquisition and gathering
of information.[23, 24]

Different schools and teaching institutes have created numer-
ous chances and opportunities to develop practical nursing
by running scenario-based teaching programs. This scenario
empowers the study groups to adjust their time and resources
and focus their knowledge in patients care. This scenario
also has a positive impact on the mentality and clinical prac-
tice of the nurses.[23] Given the critical importance of nurse
care practices in the critical care unit, taking into account
the fact that the nurses in this unit face critical conditions,
complicated situations and sensitive patients whose lives are
at risk, performance enhancement and knowledge mastery
of care is essential to all.

2. METHODOLOGY
2.1 Research design
This pre & posttest research design of the critical care nurses
& physicians was conducted from January 2018 to July 2018.

2.2 The research hypothesis
• A significant difference between pre & posttest nurses’

knowledge versus physicians regarding the physiology
of fluid balance.

• A significant difference between pre & posttest nurses’
knowledge versus physicians regarding fluid creep.

2.3 Objective
To examine the effect of a scenario based teaching for crit-
ical care nurses and physicians on their knowledge of fluid
balance & fluid creep.

2.4 The study site
The study site included four different intensive care units
(Trauma ICU, general ICU, obstetric ICU and burn ICU) at
Assuit University Hospitals.

2.5 The focus group
• Based on a bilateral testing model, we estimated 64

nursing and physicians’ subjects would be required to
detect a 25% improvement in knowledge of fluid creep
and the appropriate fluid balance monitoring with a
power of 80% and a final p value of .05.

• The participants of this study were a convenience sam-
ple of 35 nurses and 29 doctors who were included in
patients’ care in the intensive care units and meet the
eligibility criteria.
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2.6 Inclusion criteria
• Nurses & physicians who were involved in patients

care especially patients who receive fluid therapy
(burned patients, shocked patients) in direct and con-
tinuous manner.

• Nurses & physician with more than one year experi-
ence.

2.7 Exclusion criteria
• Nurse management facilitator & physician who not

responsible for direct care for critically ill patients.
• Student nurses and physicians.
• Nurses or physicians not present during the study du-

ration.

2.8 Ethical consideration
A research proposal was presented to the Ethical Committee
at the Faculty of Nursing Assiut University. Each ICU co-
ordinator was informed about the study and provided their
oral support and written consent to the study. Participants
were given information about the study to help them make
an informed decision about participation.

2.9 Data collection tools
The data collection tools included the author-made question-
naire composed of 6 parts: The first part included questions
about the demographic characters of the nurses, the second
part included questions regarding fluid balance, the third part
included questions about fluid creep, the fourth part included
questions about nurses and physician opinion regarding fluid
balance monitoring, and the fifth part included questions
about nurses and physician satisfaction regarding current
practice of fluid balance monitoring

2.10 Data collection phases
The study comprised three distinct phases including:

A) Preparatory phase that included: (i) development of a
paper and pencil questionnaire about fluid balance & fluid
creep (two months); (ii) pilot testing of the questionnaire
(one month); (iii) implementation of the pretest question-
naire (one month).
B) Intervention phase that included the implementation of
scenario based teaching about fluid balance monitoring and
fluid creep (two months).
C) Evaluation of the effect of the scenario (one month).

2.10.1 Preparatory phase
(1) Development of the questionnaire
The questionnaire was a tool for collecting self-reporting
data where participants present their perception and knowl-
edge about fluid balance & fluid creep. The questionnaire

was developed from international articles and publications
describing best practices relating to all relevant aspects of
fluid balance monitoring.[16, 25] It was easy to administer, not
time consuming, enabling access to larger samples.

(2) Parts of the questionnaire

• Questions related to demographic data (open ques-
tions)

• Questions related to nurses & physician knowledge
about fluid physiology and fluid creep which are as
important as it provides an insight into the current
knowledge (multiple choice questions with only one
possible answer per question). The questions were
discussed with critical care staff experienced in critical
care nursing, medical and education (applied twice:
pre & post the teaching program).

• Questions regarding nurses and physician perception
regarding fluid balance monitoring (Likert scale de-
sign which include four opinion: strongly agree, agree,
disagree, strongly disagree) (applied twice: pre & post
the teaching program).

• Questions about nurses and physician satisfaction re-
garding current practice of fluid balance monitoring
(Likert scale design which includes four satisfaction
categories: strongly satisfied, satisfied, dissatisfied,
and strongly dissatisfied). (Applied once: pre the
teaching program).

• The questionnaire was designed in English because all
nurses and physician are bachelor and master degree
(their study was in English when they were studying
in their faculty) and hospital documents are in English.
Moreover, the participants were able to communicate
in the English.

(3) Piloting the questionnaire
The pilot questionnaire was tested once the approval of the
ethical committee was received. The pilot study was con-
ducted on 3 nurses and 3 physicians. The reason for selecting
these nurses & physicians was to test the tool with a set that
reflects the expected appearance of the target population and
identify any confusing and irrelevant questions. Any com-
ments from nurses & doctors about the questionnaire were
provided.

(4) The final questionnaire
The last edition of the questionnaire contained thirty five
questions. The questionnaire included: (five questions) re-
lated to personal data (Age, unit, level of experience, educa-
tional level, and previous training about fluid creep), (thir-
teen questions) of nurses & physician knowledge about fluid
creep, (twelve questions) about nurses and physician opin-
ion regarding fluid balance monitoring, and (five questions)
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about nurses and physician satisfaction regarding fluid bal-
ance monitoring.

(5) The scoring system of the questionnaire

• The second and third parts were evaluated as each cor-
rect answer was scored one degree and zero for wrong
answer.

• The total score of knowledge was scored as 75% or
more of correct answer is considered good level of
knowledge, 60% to less than 75% is considered faire
level, but less than 60% was considered poor level.

(6) Validity & reliability
The researcher gave the questionnaire to 6 experts in critical
care nursing & medicine to review and examine the quality
of the questionnaire. The reliability and validity of the in-
struments gives an attribute of the study and reduce the bias
level. Included test retest reliability and internal validity was
measured by correlation coefficient (Cronbach alpha was
0.87).

(7) Implementing the questionnaire
The questionnaire was copied twice according to the number
of the participants (each participants has two hard copies).

The implementation process of the questionnaire consisted
of two stages:

Stage I: Upon completion of the questionnaire, the researcher
distributed the first copy of the question to the participants
for implementation at the beginning of the study before the
implementation of the scenario teaching sessions (pretest) to
form a baseline data.

Stage II: The questionnaire was implemented by the partici-
pants again (the second copy of the questionnaire) after the
teaching sessions (posttest) as an evaluation of the effect of
the scenario compared to the baseline data.

The questionnaires were distributed by the research in the
selected units on nurses and doctors at the time of their rest
to assure that patient care is not affected. The researcher met
each participant individually to clarify any question. After
completion of the questionnaire the researcher collect it.

2.10.2 Intervention phase
• Before running the scenario-based learning program,

the subjects were asked to evaluate a real life 6 burned
patients which were selected by the researcher from
the burn ICU during their acute phase of resuscitation.

• As the subjects completed their assessment and eval-
uation of the patients, they were asked to answer the
questions in the second part of the questionnaire.

• Moreover, each subject was specifically asked to deter-
mine whether the assessed patient was in fluid creep or

not, define fluid creep, determine signs of fluid creep,
causes of this phenomenon, complication that may oc-
cur, and how to manage (answer the questions in the
third part of the questionnaire).

• Furthermore, each subject was asked to complete the
fourth parts of the questionnaire.

• Moreover, each subject was specifically asked to eval-
uate the current fluid balance monitoring especially
the fluid input and output chart by using the fifth part
of the questionnaire.

• The researcher then collected the completed copies of
the questionnaire from all the subjects to assess their
response as a pretest base line data.

The scenario based teaching program
Based on the available resources and nursing instructions,
the researcher began developing and preparing scientific sce-
narios for fluid balance monitoring and fluid creep with slide
presentation. The sessions were done at each unit by the
researcher. The contents of program were designed on the
basis of the available publications on fluid balance monitor-
ing and fluid creep.[3–7] The scenarios were then submitted
to six experts from critical care nursing and intensive care
medicine) to examine the program tools thoroughly. After re-
ceiving the comments, the final scenarios were utilized in the
final intervention. The program continued for two months
and composed of four main parts were included in fourteen
sessions (45 minutes for each session).

Part I: The physiology of fluid balance (4 sessions) included:

• Phases of fluid resuscitation.
• Types of fluids.
• The differences between resuscitation fluid, replace-

ment fluid and maintenance fluid.
• Physiology of fluid balance.
• Consequences of fluid imbalance on critically ill pa-

tients’ outcome.

Part II: The fluid creep (2 sessions) included:
• Definition of fluid creep.
• Risk factors of fluid creep.
• Complication of fluid creep.
• Management of fluid creep.

Part III: The fluid balance monitoring (4 sessions) included:

• The importance of fluid balance monitoring.
• The practice of accurate fluid balance monitoring.

Part IV: The Patient scenario (4 sessions):
• Four scenarios were applied in intensive care settings

for different patients and associated questions were

Published by Sciedu Press 89



http://jnep.sciedupress.com Journal of Nursing Education and Practice 2019, Vol. 9, No. 4

developed and adopted by a focus group comprising
two experienced staff (one physician and an anesthe-
siologist), two experienced critical care nurses (> 10
years) and one critical care research nurse. Consis-
tent with the theory of textual compatibility, each pa-
tient scenario contains insufficient knowledge about
the clinical presentation of fluid creep, and the integra-
tion of fluid balance control to better reflect the reality
of clinical practice.

• These different scenarios were consisting of the teach-
ing components, not as a part of the assessment, to
improve the level of information and ability of nurses
and physicians to monitor fluid balance, to detect fluid
creep and to foster information-collection and clini-
cal reasoning. The study groups were asked to reflect
on whether the patient in the scenario had fluid creep,
and which of the described clinical features supported
this premise. The didactic presentation consisted of
a 20-slide presentation lasting 30-45 minutes. The
scenarios presented at the conference hall in ICU to
study groups at least four nurses and doctors during
the same shift as the bedside evaluations. The same
presentation was used at each site.

• The program was performed after the pretest ques-
tionnaire collection to avoid the program effect on the
response of nurses and physician. The researcher dis-
played posters around nurses & doctors’ areas on the
units.

2.10.3 The evaluation phase
After the end of scenario-based training program, the knowl-
edge of nurses and physician regarding fluid balance mon-

itoring and fluid creep was measured again using the same
questionnaire.

2.11 Data analysis
SPSS for Windows version 16.00 (SPSS Inc., Chicago, IL,
USA) was used for statistical analysis. Descriptive statistics
are presented by numbers (n), percentages (%) and as mean
(standard deviation). Normality of data distribution was eval-
uated with the Kolmogorov–Smirnov test. A p-value < .05
was accepted as the indicator of statistical significance.

3. RESULTS

The majority of the physicians (19 out of 29; 65.5%) were in
the age group 25 to 30 years, versus a number of 11 nurses
(31.4%) in the same age group. Only 8 participating nurses
(22.9%) were available in the age group less than 25 years old.
More than half of the participating nurses (51.4%) and physi-
cians (65.5%) have less than 4 years’ experience. Highly
percent of nurses (68.6%) and physicians (65.5%) were bach-
elor degree. The highest percent of nurses were working in
the general and trauma intensive care units (65.5%). In the
other hand, only 8.6% of nurses were working in burn unit
versus the number of physicians was equal in the three units’
trauma, general and obstetric intensive care units with a per-
cent of 24.1%. All participants didn’t receive any previous
training or audit related to fluid creep (see Table 1).

Regarding to the nurses’ and physicians’ knowledge regard-
ing the physiology of fluid therapy, there is a significant
improvement in the knowledge after the application of the
scenario (p value < .001) (see Table 2).

Table 1. The frequency distribution of critical care nurses’ & physicians socio-demographic criteria
 

 

Items Nurses (N = 35) Physician (N = 29) 

Age 

20 -< 25 years 8 (22.9%) 0 

25 -< 30 11 (31.4%) 19 (65.5%) 

30 -< 35 6 (17.1%) 10 (34.5%) 

35-40 4 (11.4%) 0 

40-45 6 (17.1%) 0 

Year of experience 

1 -< 4years 18 (51.4%) 19 (65.5%) 

4 -< 8 11 (31.4%) 10 (34.5%) 

8-10 6 (17.1%) 0 (0) 

Education 
Bachelor 24 (68.6%) 19 (65.5%) 

Master 11 (31.4%) 10 (34.5%) 

Units 

Burn  3 (8.6%) 8 (27.6%) 

Trauma 13 (37.1%) 7 (24.1%) 

General 13 (37.1%) 7 (24.1%) 

Obstetric 6 (17.1%) 7 (24.1%) 

Previous training/audit about fluid creep 
Yes 0 0 

No 35 (100%) 29 (100%) 
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Table 2. The frequency distribution of critical care nurses’ & physicians’ knowledge regarding fluid balance in ICUs
 

 

Questions regarding fluid balance 

Pre-test Post-test 

p1  p2  p3  p4 Nurses 

n = 35 

Physician 

n = 29 

Nurses 

n = 35 

Physician 

n = 29 

…is given as therapy to achieve 

either an end-organ function 
(increased urine output, 

improved mentation) or 
hemodynamic improvement in a 

patient experiencing a systemic 
inflammatory response or shock 

state. 

Resuscitation fluid 26 (74.28%) 25 (86.20%) 33 (94.3%) 28 (96.6%) 

.412 .04* .33 1 

Replacement fluid 5 (14.28%) 3 (10.34%) 2 (5.7%) 1 (3.4%) 

Maintenance fluid 4 (11.42%) 1 (3.44%) 0 0 

Don’t know 0 0 0 0 

What are the two systems in the 
human body mainly monitored 

to assess the fluid balance? 

Circulatory & renal  28 (80%) 29 (100%) 33 (94.3%) 29 (100%) 

.039* 0.13 1 .49 

Respiratory & 
circulatory 

4 (11.42%) 0 2 (5.7%) 0 

Renal & gastrointestinal 3 (8.57%) 0 0 0 

Hepatic & lymphatic 0 0 0 0 

……is a potential marker for 
fluid therapy: 

Brain natriuretic 

peptide  
21 (60%) 15 (72.41%) 33 (94.3%) 26 (89.7%) 

.471 .005* .19 .65 Ammonia 6 (17.1%) 7 (13.79%) 2 (5.7%) 3 (10.3%) 

Troponin 5 (14.3%) 2 (3.44%) 0 0 

Thiamine  3 (8.6%) 5 (10.34%) 0 0 

Phase of fluids resuscitation, in 

which  patients are given rapid 
fluid bolus therapy as the 

mainstay of treatment to rapidly 
reverse volume-responsive 

shock states and improve organ 
perfusion 

Rescue (or Salvage) 6 (17.1%) 15 (51.7%) 31 (88.6%) 26 (89.7%) 

.02* .000* .009* 1 

Optimization 12 (34.3%) 7 (24.1%) 4 (11.4%) 3 (10.3%) 

Stabilization  8 (22.9%) 5 (17.2%) 0 0 

De-escalation (ROS-D) 9 (25.7%) 2 (6.9%) 0 0 

The final phase of fluids 

resuscitation 

Rescue (or Salvage) 9 (25.7%) 4 (13.8%) 3 (8.6%) 0 

.001* .000* .02* .11 
Optimization 9 (25.7%) 3 (10.3%) 4 (11.4%) 1 (3.4%) 

Stabilization  11 (31.4%) 3 (10.3%) 0 0 

De-escalation (ROS-D) 6 (17.1%) 19 (65.5%) 28 (80%) 28 (96.6%) 

The plasma oncotic pressure 

decreases significantly as …… 
Levels drop during resuscitation. 

Protein 20 (57.1%) 29 (100%) 33 (94.3%) 29 (100%) 

.001* .003* 1 .49 
Carbohydrate 6 (17.1%) 0 2 (5.7%) 0 

Fat 3 (8.6%) 0 0 0 

Vitamins 6 (17.1%) 0 0 0 

Capillary hydrostatic pressure  

Forces fluids in   9 (25.7%) 0 3 (8.6%) 0 

.000* .000* 1 .24 

Forces fluids out 14 (40%) 29 (100%) 32 (91.4%) 29 (100%) 

Has no role in fluid 

balance 
7 (20%) 0 0 0 

Do not know 5 (14.3%) 0 0 0 

 *p < .05; p1 = pre-test; p value for nurses & physician; p2 = pre &post-test for nurses; p3 = pre & post-test for physician; p4 = post-test for nurses & physician. 

 
Regarding to the nurses’ and physicians’ knowledge regard-
ing the fluid creep, there is a significant improvement in the
knowledge after the application of the scenario (p value <
.001) (see Table 3).

Regarding to the nurses’ and physicians’ mean knowledge
score regarding the physiology of fluid therapy and fluid
creep, there is a significant improvement in the knowledge
after the application of the scenario (p value < .001) (see
Table 4).

The perception of nurses and physicians has been improved

after the application of the scenario based teaching. All
participants agreed with the statements “Inaccurate fluid bal-
ance calculation can be a risk for the critically ill patient”,
the concept that positive fluid balance harm patients as nega-
tive balance, Fluid balance assessment is important to guide
nursing care in critically ill patients, audit undertaken weekly
and scores shared with staff, focused face-to-face training
for all ICU nursing staff followed by individual assessments,
the final 24-hour fluid balance is correctly calculated all the
time, each unit team should have a specific target to meet the
“fluid balance challenge”, develop new audit tool to monitor
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fluid recording, which will allow to assess the effectiveness
of the strategy, covering fluid balance as part of the well-
established daily multidisciplinary ICU round, to ensure that
fluid balance is considered by all clinical staff, including the
anaesthetist, resident medical officer and nursing staff, highly

visible information boards on fluid management in relevant
clinical settings and redesigning the fluid prescribing and
monitoring charts so that monitoring expectations are clear
to all relevant staff” (see Table 5).

Table 3. The frequency distribution of critical care nurses’ & physicians’ knowledge regarding fluid creep in ICUs
 

 

Questions regarding fluid creep 
Pre-test 

 
 

Post-test 
p1 p2  p3  p4  Nurses 

n = 35 
Physician 
n = 29 

Nurses 
n = 35 

Physician 
n = 29 

Definition of fluid 
creep 

Providing fluids in excess 
of the estimated volumes 
using fluid formulae 

7 (20%) 9 (31%)  28 (80%) 27 (93.1%) .549 .000* .000* .16 

Providing fluids less than 
the estimated volumes 
using fluid formulae 

9 (25.7%) 5 (17.2%)  7 (20%) 2 (6.9%)     

Providing fluids in exact 
of the estimated volumes 
using fluid formulae 

6 (17.1%) 7 (24.1%)  0 0     

Do not know this concept 13 (37.1%) 8 (27.6%)  0 0     

Fluids creep occur 
mainly due to 

Increase in the oncotic 
pressure gradient 
necessary for maintenance 
of intravascular volume. 

8 (22.85%) 10 (34.48%)  3 (8.6%) 1 (3.4%) .375 .000* .000* .62 

Decrease in the oncotic 
pressure gradient 
necessary for maintenance 
of intravascular volume. 

10 (28.57%) 5 (17.24%)  32 (91.4%) 28 (96.6%)     

Decrease in the 
hydrostatic pressure 
gradient necessary for 
maintenance of 
intravascular volume. 

6 (17.14%) 8 (27.58%)  0 0     

Don’t know 11 (31.42%) 6 (20.68%)  0 0     

Risk 
factors 

Patients 
related 
factors 

Burned patients 
(Inhalational , electrical 
injury, BSA > 10) 

1 (2.9%) 0  0 0 .157 .000* .000* .03* 

Poly-trauma and sepsis 7 (20%) 2 (6.9%)  5 (14.3%) 0     

All of the above 8 (22.9%) 13 (44.8%)  28 (80%) 29 (100%)     

Do not know 19 (54.3%) 14 (48.3%)  2 (5.7%) 0     

Malpractice 
of health 
team 

Delayed resuscitation 9 (25.7%) 5 (17.2%)  1 (2.9%) 1 (3.4%) .653 .000* .003* .82 

Over resuscitation 11 (31.4%) 7 (24.1%)  5 (11.3%) 2 (6.9%)     

Inaccurate fluid balance 
monitoring 

7 (20%) 7 (24.1%)  2 (5.7%) 2 (6.9%)     

All of the above 8 (22.9%) 10 (34.5%)  27 (77.1%) 24 (82.8%)     

Complication 

Compartment syndromes 
and Organ hypo-perfusion 

15 (42.9%) 6 (20.7%)  2 (5.7%) 0 .252 .000* .005* .61 

Pulmonary edema  6 (17.1%) 5 (17.2%)  3 (8.6%) 2 (6.9%)     

Prolonged MV and 
infection 

4 (11.4%) 4 (13.8%)  1 (2.9%) 1 (3.4%)     

All of the above 10 (28.6%) 14 (48.3%)  29 (82.9%) 26 (89.7%)     

The management of 
fluid creeps include 

Restrict early fluid 
resuscitation 

7 (20%) 6 (20.7%)  0 1 (3.4%) .390 .000* .000* .17 

Use resuscitation protocol 
which consider colloid and 
monitor resuscitation and 
complication 

6 (17.1%) 10 (34.5%)  2 (5.7%) 5 (17.2%)     

All of the above 10 (28.6%) 5 (17.2%)  31 (88.6%) 23 (79.3%)     

Do not Know 12 (34.3%) 8 (27.6%)  2 (5.7%) 0     

*p < .05; p1 = pre-test p value for nurses &physician; p2 = pre &post-test for nurses; p3 = pre &post-test for physician; p4 = post-test for nurses & physician. 
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Table 4. Critical care nurses’ & physicians’ perception regarding fluid balance monitoring in ICUs
 

 

Perception 
regarding fluid 
balance 
monitoring 

Pretest Posttest 

p Nurses (N = 35) Physician (N = 29) Nurses (N = 35) Physician (N = 29) 
1* 
n (%) 

2* 
n (%) 

3* 
n (%) 

4* 
n (%) 

1* 
n (%) 

2*
n (%) 

3*
n (%) 

4*
n (%)

1*
n (%) 

2*
n (%) 

3*
n (%) 

4*
n (%) 

1* 
n (%) 

2* 
n (%) 

3*
n (%) 

4*
n (%) 

Inaccurate fluid 
balance 
calculation can 
be a risk for the 
critically ill 
patient 

18 
(51.42) 

17 
(48.57) 0 0 23 

(79.31) 
6 
(20.68) 0 0 35 

(100) 0 0 0 29  
(100) 0 0 0 .000 

Positive fluid 
balance harm 
patients as 
negative balance  

8 
(22.85) 

20 
(57.14) 

5 
(14.28) 

2 
(5.71) 

6 
(20.68) 

18 
(62.0) 

5 
(17.24) 0 35 

(100) 0 0 0 29 
(100) 0 0 0 .000 

Doctors are 
persons who 
responsible for a 
correct fluid 
balance 
calculation 

28 
(80) 

7 
(20) 0 0 8 

(27.58) 
14 
(48.27) 

2 
(6.89) 

5 
(17.24) 

20 
(57.1) 

5 
(14.3) 

10 
(28.6) 0 16 

(55.2) 
4 
(13.8) 

9 
(31) 0 .000 

Fluid balance 
assessment is 
important to 
guide nursing 
care in critically 
ill patients 

19 
(54.28) 

16 
(45.71) 0 0 29 

(100) 0 0 0 35 
(100) 0 0 0 29 

(100) 0 0 0 .000 

Audit 
undertaken 
weekly and 
scores shared 
with staff 

30 
(85.71) 

3 
(8.57) 

2 
(5.71) 0 29 

(100) 0 0 0 31 
(88.6) 

3 
(8.6) 

1 
(2.9) 0 29 

(100) 0 0 0 .19 

Focused 
face-to-face 
training for all 
ICU nursing 
staff followed by 
individual 
assessments 

22 
(62.9) 

11 
(31.4) 

2 
(5.7) 0 29 

(100) 0 0 0  35 
(100) 0 0 0 29 

(100) 0 0 0 .000 

Highly visible 
information 
boards on fluid 
management in 
relevant clinical 
settings 

35 
(100) 0 0 0 29 

(100) 0 0 0 35 
(100) 0 0 0 29 

(100) 0 0 0 1 

Redesigning the 
fluid prescribing 
and monitoring 
charts so that 
monitoring 
expectations are 
clear to all 
relevant staff 

35 
(100) 0 0 0 29 

(100) 0 0 0 35 
(100) 0 0 0 29 

(100) 0 0 0 1 

Covering fluid 
balance as part 
of the well- 
established daily 
multidisciplinary 
ICU round, to 
ensure that fluid 
balance is 
considered by all 
clinical staff, 
including the 
anaesthetist, 
resident medical 
officer and 
nursing staff 

35 
(100) 0 0 0 29 

(100) 0 0 0 35 
(100) 0 0 0 29 

(100) 0 0 0 1 

New audit tool to 
monitor fluid 
recording, which 
will allow to 
assess the 
effectiveness of 
our strategy 

35 
(100) 0 0 0 29 

(100) 0 0 0 35 
(100) 0 0 0 29 

(100) 0 0 0 1 

The final 
24-hour fluid 
balance is 
correctly 
calculated all the 
time 

27 
(77.1) 

8 
(22.9) 0 0 29 

(100) 0 0 0 27 
(77.1) 

8 
(22.9) 0 0 29 

(100) 0 0 0 .000 

Each unit team 
should has a 
specific target to 
meet the ‘fluid 
balance 
challenge’ 

35 
(100) 0 0 0 29 

(100) 0 0 0 35 
(100) 0 0 0 29 

(100) 0 0 0 1 

Note. 1* = strongly agree, 2* = agree, 3* = disagree, 4* = strongly disagree; p value significant at (p < .05). 
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Table 5. Critical care nurses’ & physicians’ satisfaction level regarding current fluid balance monitoring in ICUs
 

 

Satisfaction level of current 
fluid balance monitoring 

Nurses (n = 35)  Physician (n = 29) 

1* 2* 3* 4*  1* 2* 3* 4* 

Satisfied with the design of the 
fluid chart sheet 

0 
11  
(31.42%) 

9  
(25.71%) 

15  
(42.85%) 

 
 

0 
8 
(27.58%) 

6 
(20.68%) 

15  
(51.72%) 

Satisfied with supervision of 
all the fluid balance activities 

0 0 
25 
(71.42%) 

10 
(28.57%) 

 
 

0 0 0 
29 
(100%) 

The adequacy of the time for 
fluid balance monitoring 

0 0 
5 
(14.28%) 

30 
(85.71%) 

 
 

0 0 0 
29 
(100%) 

The accuracy of fluid balance 
monitoring 

0 
2 
(5.71%) 

8 
(22.85%) 

25 
(71.42%) 

 
 

0 0 0 
29 
(100%) 

Average chart completion rate 0 
5 
(14.28%) 

0 
30 
(85.71%) 

 
 

0 0 0 
29 
(100%) 

 Note. 1*= strongly agree, 2*= agree, 3*=disagree, 4*= strongly disagree 

 

All participants were not satisfied with the design of the fluid
chart sheet. In the other hand (31.42%) of nurses versus
(27.58%) of physicians were satisfied. All participants were
dissatisfied with the supervision of all the fluid balance activ-
ities, the adequacy of the time for fluid balance monitoring,
accuracy of fluid balance monitoring and Average chart com-
pletion rate except (5.71%, 14.28%) of nurses were satisfied
with accuracy of fluid balance monitoring and average chart
completion respectively.

4. DISCUSSION
Intensive care nurses have developing information that con-
tinues in progress with practice, so it is difficult to define
information in nursing. In the last decades, nurses were
the bedside hands of doctors. Recently, nursing became
an independent profession, although nursing is still striv-
ing to achieve acknowledgement. The sources of nursing
knowledge are various, such as physiology and psychology.
Practice is considered the important source of nursing knowl-
edge.[16]

It is obvious from the findings of the current study that nurses’
and physicians’ knowledge about fluid balance improved af-
ter the application of the scenario. These results were in
line with the study of Vijayan (2011)[26] which assessed the
nurses’ performance regarding fluid and electrolyte adminis-
tration in patients underwent open heart surgery and admitted
in ICU. The study showed that half of nurses had sufficient
knowledge; more than two thirds of nurses have moderately
adequate level of knowledge whilst the remaining number of
nurses had insufficient knowledge. There also another sup-
port from a study of nurses’ perception about fluid therapy
was conducted by Kanakalakshmi (2014).[27] The researchers
found that more than tens of nurses had sufficient knowledge,
just over three thirds have moderately sufficient knowledge
and just over two thirds have insufficient knowledge level. In

this study, the implementation of the scenario improved the
level of knowledge from adequate to highly adequate.

Others published studied have examined the effectiveness of
curriculum-based teaching in different groups[24, 28, 29] which
recently has been considered as a teaching stimulant with
real patients and used commonly in the clinical fields.[30] The
findings of the study of Michelson highlighted that the use
of this strategy of teaching in the units of infection increases
the students’ understanding and facilitates the dealing with
complex issues.[31] Nestel et al also believe that scenario-
based teaching combined with simulation may improve the
techniques and methods of nursing, especially the techniques
of communication.[32] This teaching method is based on the
principles of adults’ teaching and situational teaching the-
ory and provides us with a learner-based opportunity for the
complicated issues.

Looking more closely to the findings related to nurses’ and
physicians’ knowledge about fluid creep, it can be seen that
the level of knowledge was poor and low in the pretest which
improved dramatically after the application of the scenario.
This may be contributed as the participants didn’t receive
any previous educative sections about fluid creep. Another
attribute is may be due to their over involvement in patients
care, they ignore the importance of the educative sections
about fluid balance. They consider the fluid balance is very
simple concept is routinely monitored in patients. It can be
considered that the main source of knowledge in the ICUs is
clinical practice not theories. These findings were in contrast
with Diacon (2012)[21] who reported that critical care nurses
are equipped with theoretical and practical knowledge about
fluid balance monitoring.

These results were supported with those of Doulin et al.[33]

According to the statistical analysis in our study achieved
in their research, scenario-based learning has improved the
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information of nurses and helped them to correctly diagnose
and assess delirium in the hospital’s critical care unit. In an-
other research conducted by Majdi Nasef, utilizing scenario-
based training improved information and improved the per-
formance of nurses during their professional challenges at
Al Azhrar Hospital in Egypt. Based on these findings, Majdi
Nasef et al. stressed the urgent need for remedial educa-
tion centers to change strategies for in-service training for
nurses and to benefit from modern and creative training meth-
ods such as scenario-based learning.[34] In another research
conducted by Dehkordi et al. the use of problem-focused
methods improved the presentation and performance of nurs-
ing students in internal surgery courses.[35] The results of
this research are consistent with the results of Staun et al.
and Heso et al.[23, 36] According to these studies, the use of
problem-centered and scenario-based educational methods
has improved the performance of participants in the interven-
tion group.

As regard to the participants’ perception of fluid balance
monitoring, all participants agreed that with the statement
“Inaccurate fluid balance calculation can be a risk for the
critically ill patient and positive fluid balance can harm the
patients”. These findings were supported by many people as
Diacon (2012)[21] and Asfour (2016)[10] besides numerous
studies indicated an increase in mortality rate associated with
positive fluid balance.[18, 37–39] This reflects the importance
of accurate fluid balance monitoring toward patients’ safety.

All nurses agreed on the opinion “Doctors are persons who
responsible for a correct fluid balance calculation versus only
just over one third of physicians who are disagreed on this
statement”. This was in contrast with Diacon (2014)[16] who
reported that more than four thirds of the participants stated
that the registered nurse was the only person who respon-
sible for accurate fluid balance assessment. Moreover, in
the study of Asfour (2016),[10] nurses did not agree on that
too many people fill in one patient’s fluid balance chart and
mentioned that the nurse is the only responsible for a correct
fluid balance calculation.

All physicians and nurses agree on the opinions “Fluid bal-
ance assessment is important in guiding nursing care in
critically ill patients”. This reflects that nurses and physi-
cians are concerned by patients care in a holistic approach.
These findings were in line with Diacon (2012)[21] and As-
four (2016)[10] who stated that more than four thirds of the
participants agree that the fluid balance plays an important
role in their nursing care. According to Culleiton (2011),[40]

nurses should be able to recognize and react to fluid balance
irregularities.

Most of physicians and nurses agree on the opinions “Audit

undertaken weekly and scores shared with staff with focused
face-to-face training for all ICU nursing staff followed by
individual assessments”. This reflects the high tendency of
nurses and physicians to improve their knowledge regarding
fluid balance monitoring. All participants agreed that each
unit team should have a specific target to meet the ‘fluid
balance challenge, develop new audit tool to monitor fluid
recording. These data were in line with Diacon (2012)[21]

who recommended the continuous assessment and updating
of the fluid balance chart and each intensive care unit should
has its individual chart.

The majority of physicians and nurses in this study agree
on the opinions “The final 24-hour fluid balance is correctly
calculated all the time, covering fluid balance as part of the
well-established daily multidisciplinary ICU round, to ensure
that fluid balance is considered by all clinical staff, including
the anaesthetist, resident medical officer and nursing staff,
highly visible information boards on fluid management in
relevant clinical settings, redesigning the fluid prescribing
and monitoring charts so that monitoring expectations are
clear to all relevant staff”. These results were in line with
Bennett (2010)[41] who recommended the regular assessment
and updating of the charts of fluid balance and should be de-
signed for each unit. In addition, Asfour (2016)[10] reported
that in Vincent (2015)[42] project nurses suggested that the
results would improve if they had more direction and ori-
entation from the medical team about monitoring and more
education on fluid balance. Moreover, Diacon (2014)[16] sug-
gested various solutions to improve fluid balance monitoring
in his study which included: staff training on infusion pumps
and basic calculation, clear uniform charts, clear physicians’
prescriptions, bedside calculator, documentation audits, in-
formation signs at the bedside. In addition, Herbert (2016)[39]

recommended that the guidelines of the prescribed fluid in
the intensive care setting should be introduced.

Most participants were dissatisfied with the fluid chart de-
sign. Some nurses comment that it should contain a signature
for the responsible nurse and doctor observation each shift.
Moreover, should contain a space for documenting any drug
that interferes with fluid balance as diuretics. This was in
contrary with the results of Diacon (2012)[21] and Asfour
(2016)[10] who mentioned that the majority of nurses agreed
that the design of their units chart of fluid balance was well.

Nowadays, cumulative inputs and outputs charts is ques-
tioned in the publications.[41] Perren (2011)[37] suggested
that cumulative fluid balance charts should be checked on
regular basis especially in acutely ill. In this study, all partic-
ipants were dissatisfied with the supervision of all the fluid
balance activities, the adequacy of the time for fluid balance
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monitoring, accuracy of fluid balance monitoring. This de-
fect may be due to various factors as lack of nursing staff,
knowledge deficiency and workload as each nurse has two
patients to care for them, or maybe there was no adequate
space in the chart design for accurate documentation. An-
other cause for inaccurate fluid balance monitoring may be
a result of overlapping or missed recording of continuous
intravenous infusions and/or diuretics.

In this regard, Walker (2012)[43] conducted a study on in-
travenous fluids and checked 53 charts of the prescribed
intravenous fluids before administration and 48 after admin-
istration, the findings of the study showed that further assess-
ment and documentation of fluid balance status by medical
staff came as a result of careful finishing of the charts by the
staff of nursing. As regard to this concern, Vincent (2015)[42]

conducted an audit of fluid balance control for more than one
hundred patients and showed that the number of the fully
completed charts were less than half of fluid balance charts.

Strength and limitations
The strength of our study is that it is the first to broadly
survey multi-intensive care units within an institution to bet-
ter understand cross-disciplinary care concerns around fluid
creep. Moreover, the time constraints and workload of the
participants who work in a critical care environment was an
important limitation issue.

5. CONCLUSION
Monitoring the patient’s fluid balance is of great importance
in understanding and managing a patient’s clinical status.
Therefore, accurate fluid balance monitoring plays an essen-
tial role in patient care management. Scenario-based learning
helps nurses gain the experience of working in the critical
care unit, develop their skills and acquire the necessary skills
without any fear or concern about causing harm to the patient.
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