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Abstract

Background: Disturbances in fluid and electrolyte balance are common clinical issues encountered in the intensive care unit (ICU), and
recent studies have shown that they can lead to increased morbidity and mortality rates among critically ill patients.

Objectives: This study aims to monitor patients' fluid and electrolyte imbalances post-operatively throughout their ICU stay.

Methods: The study design involved monitoring the patients' intake and output of fluids and electrolytes during their ICU stay from
November 1st, 2022, until July 13th, 2023. This was carried out using a systematic approach that accounted for the patients' general health
characteristics and included relevant information related to the patients' surgical history, duration of surgery, complications post-
anesthesia, and the type of surgical intervention.

Results: The study revealed that 55.6% of the patient sample had surgery that lasted 1-3 hours. The majority of patients complained of
apnea post-anesthesia, and laparotomy intervention was the most common surgical operation (37.7%). Major surgeries accounted for
95.6% of the interventions, while minor surgeries only accounted for 4.4%.

Conclusion: The study highlights that fluid and electrolyte imbalances are major problems in post-operative patients, particularly those

admitted to the ICU. The most common complications related to fluid and electrolyte imbalance in ICU patients were either hypertension

or hypotension, with a consequent deterioration of the patients' overall health status.
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Introduction

Electrolytes, crucial for maintaining homeostasis and
regulating key physiological processes such as cardiac and
neurological functioning, fluid balance, oxygen supply,
and acid-base equilibrium, play a critical role in the body.!
Disturbances in fluid and electrolyte balance are among
the most common clinical issues encountered in the
intensive care unit (ICU), and recent research has shown
that such imbalances are associated with increased
morbidity and mortality rates in critically ill patients.?
Unfavorable outcomes, including prolonged ICU stays,
increased healthcare costs, and higher mortality rates, have
been linked to fluid administration.’

Severe burns, trauma, infection, brain damage, and heart

failure are examples of critical illnesses that can disrupt

fluid and electrolyte homeostasis. Contributing variables
may include hormonal system dysregulation (e.g., the
renin-angiotensin-aldosterone system and vasopressin)
ICU-related

nephrotoxicity, or medication-related insults.* Fluid and

and kidney injury from ischemia,
electrolyte balance, vital for cellular function, tissue

perfusion, and acid-base equilibrium, presents a
fundamental challenge to maintaining bodily homeostasis.
In critically ill individuals, imbalances in fluids and
electrolytes can have lethal consequences. Clinicians must
possess a thorough understanding of fluid and electrolyte
homeostasis, as well as the underlying pathophysiology of
each condition, in order to provide optimal care.
Additionally, intensivists should be aware of medications
and fluid administration practices that may contribute to

electrolyte and fluid abnormalities.®
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Surgical complications result in numerous deaths each
year, and many of these fatalities may have been
preventable. Water-electrolyte imbalances have significant
yet potentially preventable consequences that can increase
the risk of mortality.”

Changes in the fluid and electrolyte levels of critically ill
individuals can result from numerous causes, although
underlying disease processes represent the primary source
of imbalance in such patients.® Patients in critical care
settings are at an elevated risk of developing fluid and
electrolyte disturbances, which have been shown to
increase mortality and morbidity rates. Disturbances in
the distribution of electrolytes are found in approximately
27.9% of patients with abnormalities, a rate approximately
three times higher than that of normal electrolyte patients,
and are associated with ICU stays of more than seven days.
Patients on mechanical ventilation are also more likely to
experience potassium disturbances, which have been
linked to elevated mortality and morbidity.’

A cross-sectional study in Iraq, titled "Electrolyte
disturbances in a sample of hospitalized patients from
Irag," discovered that 80.5% of hospitalized patients had
hypokalemia, with 73% having hypochloremia, 72%
having hypocalcemia, and 56.7% having hyponatremia.
These conditions, commonly affecting hospitalized
patients, can increase mortality and lead to ventricular
arrhythmias.'

Critical care nurses are critical to providing continuous
monitoring and advanced care for critically ill patients,
including the early detection of changes that require
prompt management, such as fluid and electrolyte
imbalances. Qualified nursing staff with the knowledge
and clinical skills needed to maintain patients' hydration
status and electrolyte balance is essential. These nurses
must also be equipped with critical thinking and advanced
problem-solving abilities and should base their practice on
research evidence to deliver high-quality patient care.!>!?

Fluid balance is an essential aspect of critical care clinical
practice, requiring full awareness from all personnel
responsible for patient care. Small changes in fluid balance
levels can have a significant impact on patient health
outcomes and progress, necessitating careful charting and

review by the multidisciplinary team.'?

Objectives

The objective of this study was to monitor post-operative
patients' fluid intake and output and electrolyte alterations
throughout their ICU stay.

Methods

Prior to conducting the study, official consent was
obtained from the Department of Training Center and
Human Development/Nineveh Health Directorate, Iraq,
to access the collected data. Informed consent was
obtained from the field supervisor and patients or their
caregivers for the utilization of study tools. The study
utilized a quantitative prospective follow-up design aimed
at studying the research objectives, which lasted from
November 1, 2022, until July 13, 2023. The study aimed to
collect data and implement the instrument scale on
patients admitted to the surgical intensive care unit at AL-
Jumhory, AL-Salam, Ibn Senna, and Al-Mosul General
Teaching Hospitals in Mosul City.

A non-probability (purposive) sample of 67 patients was
chosen for the study, and 22 of those patients were
excluded as they had either been discharged or had died
within 3-5 days. Thus, the study sample consisted of 45
patients.

Data were collected from participants who had
undergone surgical intervention and had been admitted to
the ICU for post-operative critical care and follow-up
management. The investigator utilized an appropriate

instrument and scale according to the following steps:

Step one

Patient inclusion criteria for this study consisted of
patients admitted to the ICU with post-surgical and
anesthetic-related complications, irrespective of surgical
intervention type and age (above 15 years). Patients who
stayed in the ICU for more than five days were also
included. The exclusion criteria for this study were as
follows: patients with cardiovascular disease (including
arrhythmia, heart failure, and conductive abnormalities),
renal impairment, and open-heart surgery. The initial
stage of the study involved the gathering of information
regarding patient health status characteristics, which was

obtained from conscious patients or their relatives for
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unconscious patients. Following that, the patient file and
surgical and anesthetic notes were reviewed to ensure the
accuracy and adequacy of information throughout the
patient's ICU stay until discharge or death. Each case took
approximately 10-20 minutes to complete the data

collection process through an interview process.

Steps Two

The second stage of the study involved the evaluation of
the intake and output follow-up chart for the validity and
reliability of the study instrument. A panel of 11 experts
from different specialties and related agencies was
involved in reading and reviewing the initial draft of the
study instrument sheets to ensure that they met the study
objectives. The experts provided their opinions about the
instrument items and their adequacy. Additionally, a
sample of five patients who had been admitted to the ICU
following post-surgical intervention were included, and
the study tools were implemented on these patients to
assess the reliability of measurement parameters and
identify any potential error techniques that could occur
during data collection. The pilot study was also carried out
to obtain information about the research problem, which
would help in modifying the approaches or skills required

during data collection at a later time.

Statistical analysis

The continuous variables were expressed as the mean +
SD, and the categorical variables were presented as a
percentage and frequency. All statistical analyses were
performed with SPSS (version 16.0, SPSS Inc, Chicago, IL,
USA). A “P-value” less than 0.05 was considered

significant.

Ethical considerations

The study was conducted in accordance with the
Declaration of Helsinki. Institutional Review Board
approval was obtained. The present study did not interfere
with the process of diagnosis and treatment of patients and

all participants signed an informed consent form.

Results

Table 1 displays the age and habit descriptions of the
patient sample group. The data show that 22.2% of the
patient sample group was between the age groups of 46 and
55 years old, and an equal percentage (22.2%) was between
56 and 65 years old. Additionally, 11.1% of the age group
consisted of patients between 26 and 35 years old; 11.1% of
the age group were between 66 and 75 years old; and the
remaining 33.3% were 76 years old or older. Furthermore,
55.6% of the patient sample group was male. Concerning
habits, the majority of patients (75.6%) were non-smokers,
while only 6.7% were former smokers. Additionally, 93.3%

of the patients did not consume alcohol.

Table 1. Distribution of patient sample description according to their demographic characteristic (n=45)

Variable Group Frequency Percentage Mean SD
Age 15-25 year 9 20.0% 45 18.24
26-35 year 5 11.1%
36-45 year 6 13.3%
46-55 year 10 22.2%
56-65 year 10 22.2%
66-75 year 5 11.1%
Gender Male 25 55.6%
Female 20 44.4%
Habits Smoking Non- Smoker 34 75.6% 1.42 0.783
Ex-Smoker 6.7%
Currently 17.7%
Smoker
Alcohol Not 42 93.3%
Consumption Yes 3 6.7%
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Table 2 demonstrates the patient sample descriptions
based on their medical history, ICU stay days, and
comorbidity disease. The findings indicate that 95.6% of
the patients did not use steroids, while 4.4% used steroids
regularly for more than 30 days. Moreover, 93.3% of the
patients did not take diuretics, while only 6.7% did. On the
other hand, 82.2% of the patients did not use minerals and
supplements, while the remaining 17.8% did. Finally, a
high percentage of patients, 91.1%, did not receive any

chemotherapy medication.

Regarding the total daily ICU stay, data show that the
majority of patients (44.4%) stayed in the ICU for between
8 and 14 days. Conversely, the lowest proportion of patient
stays, 17.8%, were for a period ranging from 14 to 21 days.
Reviewing the comorbidity parameter, the results showed
that 35.6% of patients experienced hypertension, while the
next highest value was diabetes mellitus, which affected
20.0% of patients. Furthermore, only 2.2% of the patients

had a neurological problem, such as seizures.

Table 2. Distribution of patient samples description according to their health characteristics

Variable Group Frequency Percentage Mean SD
Steroid Used Not used 43 95.6% 1.09 0.416
Used less than 30 days 0 0.0%
% Used for more than 30 days 4.4%
&  Diuretics Not used 42 93.3% - -
2 Used 3 6.7%
; Minerals and Not used 37 82.2% - -
@ Supplement Used 8 17.8%
3 Chemotherapy Not received 41 91.1% 1.133 0.457
Received currently 2 4.4%
30 days before surgery 4.5%
ICU Total Daily Stay 0-7 day (1week) 17 37.8% 9.911 4.516
8-14 day (2week) 20 44.4%
14-21 day (3week) 8 17.8%
Comorbidity Disease Non 41 91.1% - -
Hematologic Disease 4 8.9%
Non 41 91.1% - -
Renal Disease 4 8.9%
Non 29 64.4% - -
Hypertension 16 35.6%
Metabolic Disease Non 34 75.6% 1.288 0.548
DM 9 20.0%
Thyroid 2 4.4%
Lung Disease Non 42 93.3% - -
Asthma 3 6.7%
Non 40 88.9% - -
Impaired Immune response 5 11.1%
Non 41 91.1% - -
Oncologic Disease 4 8.9%
Neurological Non 42 93.3% 1.088 0.358
CVA 2 4.4%
Seizure 2.3%
Other Non 42 93.3% - -
IHD 3 6.7%

Table 3 presents the results of the three observational
episodes of intravenous fluid intake in terms of

percentages. The first observation episode shows that

64.4% of patients received normal saline, 6.6% received
dextrose water, 91.1% received glucose saline, and 20.0%

received Ringer's solution. The package volumes of
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intravenous fluid ranged from 500 to 3000 ml. In the
second observation episode, 77.7% of patients received
normal saline, 6.6% received dextrose water, 91.1%
received glucose saline, and 26.7% received Ringer's

solution. The package volumes of intravenous fluid ranged

from 500 to 3000 ml. In the third observation episode,
75.6% of patients received normal saline, 6.6% received
dextrose water, 86.7% received glucose saline, and 28.8%
received Ringer's solution. The package volumes of

intravenous fluid ranged from 500 to 3000 ml.

Table 3. The intake of intravenous infusion parameter with alteration changes during 3 observation episode interval

Type of Intravenous Package Volume

Observational Episode Interval

Infusion Solution Intake El E2 E3
N % N % N %
Normal Saline Non 16 35.6 10 22.3 11 24.4
(0.9%) 500 ml 9 20.0 11 24.4 12 26.7
1000 ml 10 22.2 11 24.4 7 15.6
1500 ml 8 17.8 9 20.0 12 26.7
2000 ml 2 4.4 4 8.9 2 4.4
2500 ml 0 0.0 0 0.0 0 0.0
3000 ml 0 0.0 0 0.0 1 2.2
Mean+SD 1.355+1.264 1.688+1.276 1.688+1.411
Dextrose Water Non 42 93.4 42 934 42 934
(5%) 500 ml 0 0.0 1 2.2 1 2.2
1000 ml 2 4.4 0 0.0 0 0.0
1500 ml 0 0.0 0 0.0 0 0.0
2000 ml 1 2.2 1 2.2 1 2.2
2500 ml 0 0.0 1 0.0 1 2.2
3000 ml 0 0.0 0 2.2 0 0.0
Mean+SD 0.177+0.716 0.244+1.069 0.222+0.950
Glucose Saline Non 4 8.9 4 8.9 6 13.3
(5%, 0.9%) 500 ml 2 4.4 2 4.4 5 11.1
1000 ml 13 28.9 17 37.8 14 31.1
1500 ml 14 31.1 12 26.7 12 26.7
2000 ml 6 13.3 4 8.9 3 6.7
2500 ml 5 11.1 4 8.9 3 6.7
3000 ml 1 2.3 2 4.4 2 4.4
Mean+SD 2.777+ 1.428 2.666x1.46 2.400+1.543
Ringer’s Solution Non 36 80.0 33 73.3 32 71.1
500 ml 0 0.0 1 2.2 1 2.2
1000 ml 5 11.1 6 13.3 6 13.3
1500 ml 4 8.9 3 6.7 5 11.1
2000 ml 0 0.0 2 4.5 1 2.3
2500 ml 0 0.0 0 0.0 0 0.0
3000 ml 0 0.0 0 0.0 0 0.0
Mean+SD 0.488+1.014 0.666%1.206 0.711£1.198

Table 4 depicts the types of fluid intake through both oral
intake and via NG tube gavage during the three
observation episodes. It shows a considerable change in
oral intake among patients during their ICU stay. In the

first episode, only 8.9% of patients registered any oral

intake, while this increased to 26.7% in the second episode,
and finally, 35.5% of patients had an average oral fluid
intake ranging from 250 to 750 ml. Liquid or semi-solid
nutrient intake showed a similar pattern, with 8.9%, 26.7%,

and 35.5% of patients receiving this type of nutrition

174 | Novelty in Clinical Medicine. 2023;2(4):170-179



Intake and output evaluation in post-surgical patient during ICU stay

through an oral route. NG tube gavage nutrition showed
8.9% of patients receiving this type of nutrition in the first
episode, while it increased to 35.6% in the second episode
and remained relatively stable with 33.3% in the third
episode, administered at volumes ranging from 500 to
1500 ml.

Table 5 presents the output fluid parameters, including
alteration and amount, during the three episodes. Urine
output ranging from <3000 ml was recorded in 44, 36, and
35 cases in the first, second, and third episodes,

respectively. The amount of NG lavage tube secretion was

recorded in 2, 6, and 4 cases for the first, second, and third
episodes, respectively. Similarly, the amount of tube drain
secretion was recorded in 22, 21, and 10 cases for the first,
second, and third episodes, respectively. Oral secretion
suction was noted in 11, 11, and 7 cases, respectively, for
the first, second, and third episodes. Stool excretion results
displayed a pattern of 44, 16, and 27 cases of non-
elimination or absence of stool in the first, second, and
third episodes, respectively. Lastly, the parameter of vomit
was recorded in 6, 16, and 8 cases for the first, second, and

third episodes, respectively.

Table 4. Intake of oral liquid and NG tube gavage parameter with alteration changes during 3 observation episode interval

Type of Oral / NG Gavage Package

Observational Episode Interval

Liquid Intake Volume El E2 E3
Intake N % N % N %
Oral/ Liquid intake (ml) Non 41 91.1 33 73.3 29 64.4
250 ml 3 6.7 1 2.2 1 2.2
500 ml 1 2.2 11 24.5 13 28.9
750 ml 0 0.0 0 0.0 2 4.5
Mean+SD 0.111+0.382 0.511+0.869 0.777+1.125
Oral/ Semi Liquid intake Non 41 91.1 33 73.3 29 64.4
(ml) 250 ml 3 6.7 1 2.2 1 2.2
500 ml 1 2.2 11 24.5 13 28.9
750 ml 0 0.0 0 0.0 2 4.5
Mean+SD 0.111+0.382 0.511+0.869 0.777£1.125
NG / Gavage Tube Non 41 91.1 29 64.4 30 66.7
Liquid and Semiliquid 500 ml 1 22 1 22 1 2.2
intake ml 750 ml 3 6.7 10 22.2 7 15.6
1000 ml 0 0.0 5 11.2 6 13.3
1500 ml 0 0.0 0 0 1 2.2
Mean+SD 0.155+0.520 0.800+1.140 0.822+1.248
Discussion finding is consistent with a study by Upadhyay et al,’

The study included 45 patients with a range of ages from
15 to 75 years old and a mean age of 45+18.24. The
majority of the sample (22.2%) fell in the age groups of 46—
55 and 56-65 years old, while the lowest percentage
(11.1%) was in the age groups of 26-35 and 66-75 years
old. These findings are consistent with Das et al.'s study,
which found that 74% of patients admitted to the ICU for
electrolyte and fluid imbalances were between the ages of
31and 50."

The results revealed that 55.6% of the sample group were

male patients, while 44.4% were female patients. This

which found that male patients comprised 58.6% of the
total sample of 14,654 patients admitted to the ICU.
However, in contrast to our results, a study by Van
Regenmortel et al. found that the majority of the sample
group were female patients, comprising 57% of the total
enrolled in the study compared to male patients at 43%.
The higher proportion of male patients in this study may
be attributed to the post-operative cause of surgical
intervention related to injuries, which occurred more

frequently in males.'s
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Table 5. Output of urine, NG tube lavage, drain, oral secretion, stool, and vomit parameter with alteration changes during 3

observation episode interval

Type of Out put Volume/ Observational Episode Interval
Quantity El E2 E3
N % N % N %
Urine Non 1 2.2 0 0.0 0 0.0
1000 ml 4 8.9 3 6.7 3 6.7
1500 ml 10 22.2 3 6.7 4 8.9
2000 ml 27 60.0 14 31.1 16 35.6
2500 ml 3 6.7 16 35.6 12 26.7
3000 ml 0 0.0 8 17.8 8 17.8
3500 ml 0 0.0 1 2.1 2 4.3
Mean+SD 2.600+0.836 3.577+1.137 3.533+1.217
NG/ Lavage Tube Non 43 95.6 39 86.6 41 91.1
Secretion 50 ml 1 2.2 3 6.7 1 2.2
100 ml 0 0.0 3 6.7 3 6.7
>100ml 1 2.2 0 0.0 0 0.0
Mean+SD 0.088+0.468 0.200+0.547 0.155+0.520
Drain Tube Discharge Non 23 51.1 24 53.3 35 77.8
50 ml 2 44 10 22.2 8 17.8
100 ml 13 28.9 9 20.0 2 4.4
> 100ml 7 15.6 2 4.5 0 0.0
Mean+SD 1.088+1.202 0.755+£0.933 0.266%0.539
Oral Secretion Suction Non 34 75.6 34 75.6 38 84.4
50 ml 10 22.2 8 17.8 7 15.6
100 ml 0 0.0 3 6.6 0 0.0
>100ml 1 2.2 0 0.0 0 0.0
Mean+SD 0.288+0.588 0.311+0.586 0.155+0.366
Stool Non 44 97.8 16 35.6 27 60.0
100 ml 1 2.2 7 15.6 7 15.6
200 ml 0 0.0 17 37.7 7 15.5
>300ml 0 0.0 5 11.1 4 8.9
Mean+SD 0.022+1.409 1.244+1.066 0.733+£1.031
Vomit Non 39 86.7 29 64.4 37 82.2
50 ml 4 8.9 4 8.9 5 11.1
100 ml 1 2.2 9 20.0 3 6.7
>100ml 1 2.2 3 6.7 0 0.0
Mean+SD 0.200+0.587 0.688+1.018 0.244+0.570

Regarding the habit variable, specifically smoking, the
results show that 75.6% of the sample were non-smokers,
while 17.8% and 6.7% reported being current and former
smokers, respectively, with a mean and standard deviation
of 1.42+0.783.

The findings of the present study were consistent with
those of Siddika et al., who found that the majority of
patients admitted to the intensive care unit were non-
(34.8% 65.2%

However, Arena et al. reported contrasting results, where

smokers smokers, non-smokers).!”

the majority of patients with electrolyte and fluid
disturbance who had a longer hospital stay and higher
mortality rate were smokers (20.1% of the total sample of
24,818 patients).'® Moreover, the majority of patients in
the present study reported being non-alcoholic due to
religious and cultural beliefs, which was also consistent
with the study by Azarasa et al.,"” that found most patients
had no history of alcohol consumption and had a shorter
stay in the ICU with minimum fluid or electrolyte

disturbance. However, Rubinsky et al.* reported
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controversial findings where patients who had a history of
alcohol consumption had a higher mortality rate and
severe electrolyte disturbance leading to organ failure.

The presented results in Table 1 depicted the patient's
health characteristics upon admission to the ICU and were
classified into three variables. The first variable is
medication history, where 95.6% of patients reported
taking medication, while 4.4% either didn't take
medication or were on steroids for more than 30 days. The
second variable pertains to diuretics, where 93.3% of
patients used diuretics, while 6.7% either didn't use them
or used other medications. The third variable refers to
mineral supplements, where 82.2% of patients used them,
while 17.8% either didn't use them or used other
medication. Furthermore, 91.1% of patients did not
receive chemotherapy, while 4.4% were currently receiving
it and 4.5% received it within 30 days before surgery.

The findings in Table 1 align with a study by Wang et
al.,! which found that post-surgical ICU patients with
related complications of fluid and electrolyte disturbance
were mainly due to medication side effects. However, the
study by Asehnoune et al.,** contradicted our findings, as
their sample of 122 patients who received chemotherapy,
steroids, and other chronic illness medication showed no
early effect on fluid disturbance in ICUs. Other
complications occur during patient stays. These results
agree with the findings of Martini et al.,* which showed
that patients who undergo major surgical interventions
and have post-anesthesia complications tend to have
longer stays in the ICU. However, Mun et al.,?* disagreed
with this finding and reported shorter ICU stays due to
highly qualified medical and nursing management.
Finally, the results in Table 2 showed a high prevalence of
comorbid diseases such as hypertension, diabetes mellitus,
and impaired immune systems. These findings are
consistent with the study by Moore et al.,> which included
392 ICU patients with chronic illnesses such as
cardiovascular, neurological, and respiratory diseases,
resulting in longer stays and higher mortality rates.

The findings of Table 3 are consistent with the study by
Malbrain et al.,* which found that most patients who were
admitted to critical care after surgical interventions

required intravenous fluid and depended on it until their

conscious level was corrected. This was particularly
necessary for patients with problems that prohibited oral
intake, such as those who had undergone laparotomy or
maxillofacial surgery.

In terms of the other input parameters shown in Table 4,
a clear image emerges of conscious or semi-conscious
patients who needed a supporting approach to intravenous
infusion in terms of nutrient substances and water. These
findings agree with the study by Chittawatanarat and
Chuntrasakul,” which analyzed 20 patients who had
undergone post-operative abdominal surgery or
neurological surgery. The study found that some patients
required a nasogastric tube for careful nutritional support
to meet the body's requirements for nutrient material
feeding and measuring its effect on the patient's health
status.

In contrast to our findings, a study®® found that most
patients who were admitted to the ICU were unconscious
and depended entirely on a nasogastric tube, resulting in
complications such as aspiration pneumonia.

Findings in Table 5 were consistent with those of
Rajebhosale et al.,? who discovered that most patients had
changes in input, output, or related secretion as a result of
complications such as anesthesia medication, patient
health status, use of life support machines, and fluid or

electrolyte disturbances.

Conclusions

Fluid and electrolyte disturbances represent a significant
challenge for post-operative patients, particularly those
admitted to the ICU. Laparotomy and craniotomy are the
most common surgical interventions related to ICU
admission, while apnea and decreased level of
consciousness are the leading causes of admission. Further
studies are needed to investigate how healthcare workers
can better manage fluid and electrolyte disturbances in

these patients.
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