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Prolonged fasting with fluid therapy is related to poorer outcomes

in medical patients
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Abstract

Background and objective: An inadequate fluid therapy
can worsen the outcomes of surgical patients, but there
are no data in medical patients. The aim of this study was
to determine the adequacy of fluid therapy in hospitalised
patients of medical wards, and its influence on outcomes.

Methods: Cross-sectional study including nil-per-os
patients admitted in medical wards of the Complejo Asis-
tencial Universitario de Leén. The administered fluid
therapy was compared with the standardised require-
ments. Nutritional status was evaluated with Subjective
Global Assessment. Fasting was considered inappro-
priate if it lasted > 7 days in well-nourished, and >5 days
in malnourished patients if nutritional support had not
been provided.

Results: Fluid therapy lasted 4 (IQR = 2) days, and
fasting was inadequately maintained in 27 % of patients.
Fluid requirements were correctly fulfilled, but patients
received an excess of sodium (+58.4%) and chloride
(+62.2%), and potassium administration was insufficient
(-35.1%). Glucose supply was 68.8 (29.2) g/d, and 99 %
received < 130 g/d. Patients with an inadequate duration
of fasting had a longer hospital stay after adjusting for
sex, age, nutritional status, infused volume, electrolytes,
glucose and diseases. Only malnutrition predicted
mortality during hospitalisation (OR 10.5; 95%CI 1.3 to
83.2), when multivariate analysis was performed.

Conclusions: Fasting medical patients receive an inad-
equate supply of glucose and electrolytes. Prolonged fluid
therapy and malnutrition may worsen the outcomes of
these patients, independently of other conditions like age
or diseases.
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EL AYUNO PROLONGADO CON SUEROTERAPIA
SE ASOCIA CON PEORES RESULTADOS CLINICOS
EN PACIENTES MEDICOS

Resumen

Introduccion y objetivo: La sueroterapia inadecuada en
pacientes quirtdrgicos puede empeorar sus resultados clini-
cos, pero para pacientes médicos no existen datos publica-
dos. El objetivo de este estudio es determinar la adecuacion
de la sueroterapia en pacientes médicos hospitalizados y
valorar su repercusion en los resultados clinicos.

Meétodos: Estudio transversal realizado en pacientes en
dieta absoluta de servicios médicos del Complejo Asisten-
cial Universitario de Ledn. Se comparé el aporte de sue-
ros con los requerimientos estandarizados. El estado nutri-
cional se valoré mediante la Valoracién Global Subjetiva.
Se consideré inadecuado un ayuno con suero como tinico
aporte durante > 7 dias en bien nutridos y > 5 dias en des-
nutridos. Resultados: La duracién de la sueroterapia fue 4
(RIQ =2) dias y el 27 % de los pacientes permanecieron en
dieta absoluta con sueros mas tiempo del adecuado. El
aporte de liquidos fue correctamente administrado pero
los pacientes recibieron un exceso de sodio (+58,4%) y
cloro (+62,2 %) y una administracion insuficiente de pota-
sio (-35,1%). El aporte de glucosa fue de 68,8 (29,2) g/d y
€l 99,0 % de los pacientes recibieron menos de 130 g/dia de
glucosa. Los pacientes con duraciéon inadecuada del
ayuno con sueros tuvieron una estancia hospitalaria mas
prolongada [22,0 (RIQ = 13,0) vs 13,0 ( RIQ = 11,0) dias;
p = 0,001], una vez ajustado por sexo, edad, estado nutri-
cional y aporte de volumen, iones y glucosa. Al realizar el
analisis multivariante solo la malnutricion fue un predic-
tor de mortalidad durante la hospitalizaciéon (OR 10,5;
95%CI 1,3 to 83,2).

Conclusiones: El paciente en dieta absoluta recibe un
aporte inadecuado de iones y glucosa. La sueroterapia
prolongada y la malnutricién pueden empeorar los resul-
tados clinicos de estos pacientes de manera independiente
de otras condiciones como la edad o enfermedad.

(Nutr Hosp. 2013;28:1710-1716)
DOI:10.3305/nh.2013.28.5.6693

Palabras clave: Sueroterapia. Malnutricion. Ayuno. Valora-
cion Global Subjetiva.



Abbreviations

NCEPOD: National Confidential Enquiry into Peri-
operative Deaths.

MDRD: Modification of Diet in Renal Disease.

SGA: Subjective Global Assessment.

Introduction

Intravenous fluid therapy has been used for almost
200 years and still remains as an essential part of
patient care during hospitalisation, deserving the title
of the quintessential cross-disciplinary subject of
Medicine."? The clinical situations in which intra-
venous fluids are used are myriad as a result of altered
intake, extra losses and dynamic shifts within the body.
The main aims of intravenous fluid therapy include the
replacement of fluid and electrolyte losses, providing
fluid resuscitation to correct the effects of underlying
diseases, maintaining cardiac output, blood pressure,
tissue metabolism and waste removal, ensuring a stable
intra and extra cellular milieu, preserving the
membrane potential and transport mechanisms, and
providing the required minimum amount of glucose to
meet the energy requirements of the brain.* An
adequate intravenous fluid therapy avoids the develop-
ment of oedema and other therapy-related adverse
effects.

The assessment of fluid balance and subsequent
prescription of fluid therapy is a complex task.* It is
usually based on patient’s underlying illness, fluid
input (resuscitation fluids, food or artificial nutrition)
and output (urine, gastrointestinal loss, drainages),
noninvasive monitoring of vital signs, skin and mucous
membrane properties, and measurement of serum and
urinary electrolytes and urea.” However, errors during
the administrations of intravenous fluid therapy are
common. Such errors include incorrect selection of
intravenous fluid type, volume, concentration and rate
of fluid and electrolyte administration®. Clinical compli-
cations such as pulmonary oedema, heart failure and
volume depletion have been reported following these
errors.” Volume and sodium overload is commonly seen
in surgical patients and is associated with significant
morbidity, mortality and increased length of stay with
consequent increases in patient and health care system
costs.® The extent of the problem was highlighted by
the 1999 UK National Confidential Enquiry into Peri-
operative Deaths (NCEPOD), which recommended a
multidisciplinary approach to fluid therapy, the accu-
rate recording of fluid intake and output, and the devel-
opment of local good practice guidelines.’

Almost a decade on from the NCEPOD enquiry,
only a few studies have been published that have
evaluated the appropriateness of fluid therapy in the
hospitalised patients of medical wards, and there is not
yet any consensus statement about fluid therapy. This
study aimed to assess whether the intravenous fluid

therapy used for maintenance of the nil-per-os patient
admitted to medical wards of the Complejo Asistencial
Universitario de Ledn adequately covers the daily
requirements of water, glucose and electrolytes, to
identify the number of patients remaining with
intravenous therapy as the only nutritional support
during an excessive time, and if this practice is
associated with increased hospital stay and mortality.

Methods
Study design

This descriptive cross sectional study was conducted
on patients admitted in medical wards of the Complejo
Asistencial Universitario de Leén from September
2011 to February 2012. A sample size of 100 patients
was calculated according to previous studies in order to
detect a difference of 4 days in hospital stay based on
the adequacy of fluid therapy with a potency of
20%.'". All procedures were approved by the local
Research Ethics Committee, and informed consent was
obtained from each patient.

Patient selection

Adult patients admitted to medical wards in nil-per-os
status were included, excluding those < 18 yr,
terminally-ill patients, patients treated surgically or
awaiting surgery, those fasting for medical explorations,
and patients receiving oral diet or any type of nutritional
support such as oral supplements, enteral or parenteral
nutrition. For the identification of cases, the diet
prescription form was revised.

Methods

Once detected, patients were included in the study if
they stayed longer than 24 hours fasting with
intravenous fluids as the sole support. From each
recruited patient the following data were obtained:
medical history and reason for admission, physical
examination (including usual and current weight,
height —estimated from the ulna length if it could not
be measured—, presence of oedema, diuresis, and
temperature), biochemical parameters (serum urea,
creatinine, glomerular filtration rate —which was esti-
mated using the Modification of Diet in Renal Disease
(MDRD) formula—, sodium, potassium, chloride), and
administered fluid therapy (indication, start and
suspension date, types of fluid, total volume and the
amounts of sodium, potassium, chloride and glucose
provided, intravenous medication). Nutritional status was
evaluated using the Subjective Global Assessment (SGA).

The administered fluid therapy (including intravenous
medications) was compared with the standardised
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requirements: water 35 mL/kg plus losses from fever or Results

drainages, potassium 1 mmol/kg plus losses, sodium 2
mmol/kg plus losses, chloride 2 mmol/kg plus losses.'
For this purpose the mean administration of glucose,
electrolytes and water was calculated. A minimum daily
supply of 130 g of glucose, which has been defined by the
National Academy of Science of the United States to
meet the requirements of the brain in more than 98% of
individuals in the healthy population, was considered
correct.” Electrolytic disturbances were defined as
follows: hyponatraemia, plasma sodium < 135 mmol/L;
hypernatraemia, plasma sodium > 145 mmol/L;
hypokalaemia, plasma potassium < 3.5 mmol/L; hyper-
cloraemia, plasma chloride > 110 mmol/L. Fasting was
classified as inadequate if intravenous fluid therapy was
the only nutritional supply for more than 7 days in well-
nourished patients, and over 5 days in malnourished."

Statistical analysis

The normality of the quantitative data was confirmed
with the Kolmogorov-Smirnov test. If the data adjusted
to a normal distribution, they were presented like mean
(standard deviation, SD) and compared with Student’s
t test. In other case, they were presented as medians
(interquartile range, IQR), and compared with the Mann-
Whitney U test. Categorical data are summarised with
percentages. Multivariate analysis was performed using
linear and logistic regression. The strength of the linear
relationship between the values was estimated using
Pearson’s correlation coefficient. The level of statis-
tical significance was set at p < 0.05.

The sample included 100 patients, of whom 51% were
male, with mean age 76.6 (13.3) years. Most of them were
recruited from the Department of Internal Medicine
(71%), followed by Oncology (20%), Gastroenterology
(8%) and Neurology (1%). According SGA, 67% of
patients were classified as malnourished. Both the most
frequent reasons for hospital admission and the indica-
tion of fasting with fluid therapy were related to
gastrointestinal diseases and food intolerance, respec-
tively (figs. 1 and 2). The duration of fluid therapy was
4 (IQR = 2) days, and 27% of the patients remained in
inadequate fasting.

The most common type of fluid prescribed was
glucose-saline at different concentrations: glucosaline
3%-0.3% (pre-charged with potassium chloride) in
69% of the cases, or glucosaline 5%-0.3% (without
potassium) in 42%. It should be noted that the prescrip-
tion of these intravenous fluids could change during
hospitalisation. The intravenous medication in nearly
all cases was administered with 0.9% saline.

Volume requirement [2,299.6 (355.4) ml] was
correctly fulfilled as patients received 2,295.7 (683.4)
ml of intravenous water. Data on the requirements in
electrolytes are presented in figure 3, where it can be
seen that the patients received an excess of sodium and
chloride of 32.9% and 56.2%, respectively, and a
deficit of potassium of 54.0%. Glucose administration
was 68.8 (29.2) grams per day and 99% of patients
received less than 130 grams per day.

Patients with pathological conditions, like heart
failure and hypertension that can alter the amount of
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Fig. 3.—Comparison of electrolytes requirements vs. the ones
received with fluid therapy. Patients received an excess of so-
dium and chloride of 32.9% and 56.2%, respectively, and a de-
ficit of potassium of 54.0%. Differences between the amounts of
sodium and chloride are due to the administration of potassium
as potassium chloride.

volume and electrolytes required in order to avoid
cardiovascular deterioration and oedema, were
compared with those free of those conditions.
Patients with heart failure received less volume
(1,789 vs. 2,390 ml, p = 0.001) and sodium (120 vs.
177 mEq/L, p = 0.001) than those without this cardi-
ologic condition. Patients with hypertension
received a similar volume (2,211 vs. 2,458 ml) and a
smaller amount of sodium (157 vs. 190 mEq/L), and
the latter was statistically significant (p = 0.018).
The prevalence of electrolytic disturbances was rela-
tively low: hypernatraemia 13%, hyponatraemia
18%, hypokalaemia 13% and hypercloraemia 8%.
Those patients with hypokalaemia received a signif-
icantly lower supply of potassium (27.3 mmol/d vs.
42.3 mmol/d, p = 0.018), but there were not differ-
ences in electrolyte and volume administration, or in
the duration of fluid therapy according the presence
of electrolytic disturbances. There were not differ-
ences in mortality or length of hospital stay when
electrolytic alterations were present. The relation
between volume and electrolytes administered and
renal function can be seen in figure 4.

Analysing the data in order to detect possible effects
of the administered intravenous fluid therapy on
patients outcomes, it was observed that patients with an
inadequately prolonged fasting receiving only fluid
therapy had a longer hospital stay [22.0 (IQR = 13.0)
vs. 13.0 (IQR = 11.0) days, p = 0.001]. This difference
remained significant after adjusting for sex, age, nutri-
tional status, volume, electrolytes and glucose supply,
and underlying diseases. There was also a higher
percentage of mortality among malnourished patients
compared to well nourished (25.4% vs. 3.0%, p = 0.06).
After adjusting for the factors previously mentioned
only malnutrition was a factor predictive of mortality
during hospitalisation, with an odds ratio of 10.5 (95%
CI1.3t083.2).
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Fig. 4—Panel A: Correlation between glomerular filtration ra-
te and volume infused (r* = 0.125, p = 0.217). Panel B: Corre-
lation between glomerular filtration rate and sodium infused (r*
=0.147, p = 0.148). Panel C: Correlation between glomerular
filtration rate and chloride infused (r* = 0.151, p = 0.135).

Discussion

This cross-sectional study was conducted in order to
know the management of intravenous fluid therapy in
nil-per-os patients in medical wards of a tertiary
hospital. To our knowledge, this is the first study to
evaluate the implications of this practice in the
outcomes of medical patients. Comparing the daily
electrolyte requirements with the administered by
intravenous fluid, we observed that patients receive an
excessive amount of sodium and chloride and an
insufficient amount of potassium. The results on the
supply of glucose are discouraging with 99% of
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patients receiving less than the minimum required
amount to prevent ketosis and meet the energy
requirements of the brain.

Although not directly assessed, these data may lead
to the conclusion that there is an inadequate knowledge
and a subsequently suboptimal prescribing of fluid
therapy by medical staff, and can be attributed to the
lack of graduate and postgraduate training of
physicians, and the lack of widely accepted consensus
or guidelines. One study into 2 major medical
universities in the United Kingdom showed that
students received less than 3 hours of education on
fluid therapy during their 6-year career. Only 58.9%
and 19.8% of sixth graders could recognise the
composition of 0.9% saline and Ringer lactate,
respectively. Regarding 24h electrolyte needs, it was
correctly estimated only by 32% for sodium, 34% for
chloride and 55% for potassium.'> Another study in 25
British hospitals showed that in surgical wards the
prescribing of fluid therapy was performed in 89% by
preregistration house officers, and less than a half of
them knew the sodium content of 0.9% saline. The
majority acknowledged that they had not been given
any formal or informal guidelines on fluid and
electrolyte prescribing while on the surgical firm.'
Based on these results, it has been evaluated whether
the implementation of structured workshops can help
to fill this lack of training, demonstrating that it can be
a successful way of acquiring knowledge and gaining
clinical skills."” Since 1999, the NCEPOD has
emphasised the need for training of medical personnel
in the physiology of fluids and electrolytes in order to
increase knowledge and to disseminate good practice.’

In this study, the majority of patients were given
glucosaline and the medication was administered by
0.9% saline, explaining the excess of sodium and
chloride received. In a previous study on surgical
patients of another Spanish hospital, the type of fluids
more commonly used were dextrose 5% and saline
0.9%.' The local fluid therapy policy encourages the
use of pre-charged fluids to reduce the manipulation in
wards, but these results demonstrate that the use of all-
in-one fluids can result in an inadequate glucose and
electrolyte supply. In spite of this, electrolytic
disturbances were infrequently found, and they were
not related to adverse outcomes. The former can be
explained by the short duration of fluid therapy (4
days), and the latter by a small sample size. It is
important to reflect that chloride, an anion which is not
taken into account many times during the prescription
of fluid therapy, was administered in an excess of more
than 50%.

The increased plasma chloride results in hyper-
chloraemic acidosis, especially harmful in elderly
patients. This acidosis may reduce blood flow and
decrease gastric intramucosal pH, and can affect
gastric motility. Hypercloraemia may also produce
renal vasoconstriction and reductions glomerular
filtration, contributing to high salt retention. Too much

sodium, on the other hand, produces fluid retention and
oedema, peripheral and splanchnic, resulting in
increased abdominal pressure, ascites and even
abdominal compartment syndrome. This in turn can
lead to decreased mesenteric artery blood flow causing
ileus, intestinal failure and, in surgical patients,
anastomosis dehiscence.' In our cohort, patients with
hypertension and heart failure received a volume and
amount of electrolytes adjusted to their underlying
condition in order to avoid complications from volume
and sodium overload. Furthermore, we did not find any
renal side effects in terms of altered glomerular
filtration rate in relation with the amount of volume and
electrolytes infused.

An interesting finding of the study is that although
67% of patients were malnourished according to
SGA, they only received a median of 68.8 g glucose
and 27% remained in an inadequate fasting status,
these facts probably further worsening their
nutritional status. Malnutrition is common in the
hospital setting, with 20-50% of patients identified as
malnourished on admission.!**2! Malnutrition has
been negatively associated with a variety of clinical,
functional and economic outcomes.? On a physical
level, malnutrition can cause a loss of muscle and fat
mass, reduced respiratory muscle and cardiac func-
tion, and atrophy of visceral organs. On a cellular
level, malnutrition impairs the body‘s ability to
mount an effective immune response in the face of
infection, often making infection harder to detect and
treat. It also increases the risk of pressure ulcers,
delays wound healing, increases infection risk,
decreases nutrient intestinal absorption, alters ther-
moregulation and compromises renal function.?
Malnourished patients have been shown to have a
length of hospital stay from 1.5 to 1.7 times longer
than the well-nourished patients.?* It has also been
shown to have a three-fold increase in mortality for a
period of 12 months after discharge and more likely to
be readmitted within 15 days.” In a recent study on
the actual cost of hospitalisation, the average cost for
malnourished patients is greater than for well-
nourished patients (p = 0.014), with malnutrition
being a significant predictor of mortality.? Similar
results were obtained in our study where malnutrition
was the only predictor of mortality adjusted for
factors such as age or underlying disease.

There are few studies that evaluate fluid therapy in
medical patients. A study in an infectious diseases
ward of a teaching hospital found frequent mistakes
in the rate of fluid administration (29.8%), in volume
calculation (26.5%) and in fluid selection (24.6%).”
There are more data on the surgical patient. A review
from two American university teaching hospitals,
which attempted to estimate the burden of morbidity
and mortality from pulmonary oedema in patients
following major surgery, estimated that there could
be 213,200 cases of postoperative pulmonary
oedema annually in the United States, accounting for
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8,315 deaths during the 30 days following surgery,
in which no cause apart from excessive fluid
administration could be inferred.”® The same year,
the report of the NCEPOD indicated that 20% of
patients have a poor record of fluid balance or have a
water imbalance untreated or unrecognised that
could contribute to severe postoperative morbidity
and mortality.” During the next decade, several
studies have assessed the consequences of different
attitudes in the management of fluid therapy before,
during and after surgery, and a meta-analysis by
Varadhan and Lobo in 2010 showed that patients
who received balanced fluid therapy had statistically
significant fewer complications and a shorter length
of stay.® Regarding medical patients, our study found
that inadequate fasting with fluid therapy as the sole
nutritional support was independently associated
with a longer hospital stay.

Several measures have been proposed to improve
the use of fluid therapy.? First, a specific training for
medical students in aspects of electrolyte balance.
Second, a multidisciplinary approach from various
specialties to the contribution of developing clinical
guidelines based on evidence.” A first attempt was the
British Consensus Guidelines on Intravenous Fluid
Therapy for Adult Surgical Patients Guidelines
(GIFTASUP).** The guidelines from the National
Institute for Health and Clinical Excellence (NICE)
that will help standardise the management and
prescription of fluids are also pending publication.
Third, the formation of a collaboration of clinical
biochemists that may be responsible for reviewing
patients who remain nil-per-os with fluid therapy has
been proposed, as nutrition services do to patients with
parenteral nutrition or pharmacists who review
medications routinely patterned by doctors.?

The main limitation of the study was that the
information of fluid therapy was collected from the
medical records of patients, with difficulties collecting
the amount of intravenous medication that is not
always correctly reflected. Moreover, in many cases
the water balance chart was not fully complemented, as
urine output was not always properly collected. One
more limitation is the small number of the sample with
the wide confidence intervals.

Conclusion

Our results showed that the nil-per-os medical
patients receive an inadequate supply of electrolytes
and glucose, and that a considerable percentage
remains in inadequate prolonged fasting despite
malnutrition being very common. Inappropriately
prolonged fluid therapy and malnutrition are
associated with worse outcomes in these patients
independently of other conditions such as age or
underlying diseases. Further prospective studies are
needed to confirm these results.
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