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Abstract

Vaso-occlusive crisis (VOC) is the leading cause of hospitalization
in sickle cell disease (SCD). Intravenous fluid (IVF) administra-
tion is the usual practice during VOC episodes to slow the sickling
process. In the absence of an evidence-based, clear-cut consensus
on the optimal choice, route, and rate of fluid administration, there
has been a wide variability in the practice of I[IVF administration in
the treatment of VOC. However, there are growing concerns about
the safety of this practice. This systematic review summarized the
current evidence on the risk of negative outcomes in SCD patients
treated for VOC with IVFs. A database search of Medline/PubMed,
EMBASE, Scopus, Web of Science, CINAHL, Wiley Cochrane
Library, Clinicaltrials.gov, and conference proceedings of the Eu-
ropean Hematology Association (EHA) and American Society of
Hematology (ASH) were performed. The results were presented us-
ing narrative analysis of quantitative data. Of the 2,821 identified
records, a total of three eligible retrospective cohort studies with a
total demographic population of 549 SCD patients were included
in this review. Normal saline, a frequently used IVF for VOC may
be associated with adverse outcomes such as poor pain control and
volume overload. Volume overload, new oxygen requirement, acute
chest syndrome, and acute kidney injury are potential adverse out-
comes of inappropriate IVF use in VOC. There is limited evidence
supporting the current practice of IVF use in VOC. Randomized
controlled trials are required to fully clarify the place and safety of
IVF in the management of VOC.
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Introduction

Sickle cell disease (SCD) spectrum is an umbrella term describ-
ing a group of monogenic disorders characterized by defects in
the B hemoglobin subunit due to mutations in the hemoglobin
beta (HBB) gene on chromosome 11 [1]. The underlying genetic
abnormality in SCD is the inheritance of hemoglobin S allele
in homozygosis or in heterozygosis with another defective beta
hemoglobin gene. The disease spectrum includes individuals
with homozygous disease (HbSS); the most severe variant, and
other compound heterozygous forms such as HbSC, HbSO,, ., ,
HbSDPunjab, HbS/p’-thalassaemia, and HbS/B"-thalassemia [2].
Millions of people are affected by SCD globally and the disease
is most commonly found among individuals of African, Carib-
bean, Indian, and Saudi Arabian ancestry, as well as in certain
regions of the Mediterranean, Central, and South America [3].
The polymerization of deoxygenated hemoglobin is the central
theme of SCD, leading to the sickling of red blood cells (RBCs),
vaso-occlusion, hemolysis, and other systemic manifestations of
SCD. Vaso-occlusive crisis (VOC) is the most common clinical
manifestation of SCD and is the leading cause of emergency de-
partment (ED) visits and hospitalization [4]. In the United States
which has an SCD population of about 100,000, data from the
Healthcare Cost and Utilization Project (HCUP) reported over
100,500 hospitalizations for VOC in 2016, resulting in a total
hospitalization cost of over $800 million [5]. This accounts for
only about 40% of the total annual ED visits for VOC [6].
Traditionally, the treatment of VOC involves the admin-
istration of fluids and analgesics. This approach is based on
the perceived fluid balance abnormalities in SCD. One of the
earliest studies on fluid balance disorders in SCD evaluated
24 patients in a steady state and during a crisis and report-
ed a persistent negative fluid balance (urine output > intake)
regardless of fluid intake and an inability of the kidneys to
concentrate urine during fluid restriction [7]. While this state
of negative fluid balance may potentially play a role in VOC
through reduced flow in the microcirculation, evidence shows
intracellular dehydration is the main culprit in the develop-
ment of VOC [8]. In sickle cells, cellular dehydration occurs
as a result of water loss accompanied by loss of potassium and
chloride ions from reticulocytes and matured RBCs due to al-
terations in membrane permeability resulting from changes
in intracellular pH and calcium [9]. Dehydrated sickle RBCs
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have concentrated HbS, which sickles very easily [8]. Many
studies have demonstrated the role of cellular HbS concentra-
tion in sickling, with a small rise in HbS concentration creating
a significant increase in cell sickling [10-12]. However, there
is insufficient evidence connecting the state of negative fluid
balance in SCD with cellular dehydration and it is uncertain
if intravenous fluid (IVF) administration has the potential to
reverse the cellular dehydration. While Rosa et al 1980 dem-
onstrated reduced sickling by causing cellular hydration and
swelling by inducing hyponatremia, such an approach was
not practicable in clinical practice [13]. In the absence of any
other superior therapeutic intervention, fluid administration re-
mained the core of VOC treatment.

The lack of sufficient evidence on fluid administration is
further reflected in the lack of a consensus on the optimal fluid
and route of administration for VOC [14]. Intravenous rather
than oral fluid is usually the rule, and this is often administered
as boluses and/or continuous infusions at a high rate [15]. The
type of fluids used often varies from facility to facility, even
within the same facility, variations exist in the types of flu-
ids administered [16]. One study reported normal saline bo-
lus as the most commonly administered fluid regimen by ED
physicians in a facility despite institutional practice guideline
recommendation of 5% dextrose with 1/4 normal saline (NS)
[16]. However, the use of IVFs is not without complications
and more so in SCD patients who often have varying degrees
of renal, cardiac, and pulmonary dysfunction.

This study aims to investigate the safety of the current
practice of IVF administration in the treatment of sickle cell
VOC through a comprehensive literature search. We evaluated
the risk of negative outcomes in SCD patients treated for VOC
with IVFs. Evidence from this study will highlight the poten-
tial risks associated with the current practice of IVF use to re-
duce treatment-associated morbidity and improve outcomes in
SCD patients hospitalized for VOC.

Methods

The preferred reporting items for systematic reviews and meta-
analyses (PRISMA) guideline was adopted for this study [17].

Search strategy

A comprehensive search of Medline/PubMed, EMBASE, Sco-
pus, Web of Science, CINAHL, Wiley Cochrane Library, and
Clinicaltrials.gov databases was performed to identify relevant
articles from database inception till August 25, 2022. In ad-
dition, conference proceedings of the American Society of
Hematology (ASH) and the European Hematology Associa-
tion (EHA) were evaluated for relevant studies. The follow-
ing search terms were used: “sickle cell AND vaso-occlusive
crisis”, “sickle cell AND intravenous fluid”, “vaso-occlusive
crisis AND intravenous fluid”, “fluid AND sickle cell”, “sickle
cell AND hydration”, “saline AND sickle cell”. We expanded
the search coverage by using the vague term “sickle cell” in
the search strategy to identify more potentially relevant arti-
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cles. The citations within the studies were assessed for other
potentially suitable studies. An example of the search strategy
is provided here (Supplementary Material 1, www.thejh.org).

Eligibility criteria

Type of studies

The studies included in this review were mainly retrospective
studies that assessed the risk of adverse outcomes following
the use of IVFs in the treatment of VOC.

Types of participants

All SCD patients who were hospitalized with a primary diag-
nosis of VOC.

Interventions

IVFs of any type administered as a bolus or continuous infu-
sion.

Exclusion criteria

Studies with a quality score of 6 or less on the modified New-
castle-Ottawa scale or studies that lacked sufficient data on the
above-mentioned domains were excluded. Commentaries, edi-
torials, reviews, and case reports were excluded.

Study screening, selection, and data extraction

Potentially suitable studies were independently evaluated by
two reviewers. Any conflicts were resolved through discussion
and if indicated, through a third reviewer. The titles and abstracts
of the search results were screened for eligibility followed by
the removal of duplicate studies. All potentially suitable studies
underwent full-text review to assess eligibility. Eligible studies
were included in this review. Data were extracted using a pre-
designed Excel sheet. The following information, when avail-
able was extracted from the studies: author, year of publication,
type of study, sample size, type of IVF administered, the average
volume of IVF administered, bolus vs. continuous fluid admin-
istration, and documented adverse outcomes.

Quality assessment and data synthesis

All included studies were critically appraised for methodo-
logical quality. Since all included studies were cohort studies,
the Newcastle-Ottawa scale for assessing the quality of cohort
studies in a systematic review was used [18]. The domains as-
sessed include the selection of cohorts, comparability of co-
horts, and assessment of outcomes (Supplementary Material 2,
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Library, and clinicaltrial.gov (n=2784)

Records from database search: Medline/PubMed, Embase, Scopus, CINAHL, Web of Science, Wiley Cochrane

Records from conference proceedings of ASH and EHA (n=31)
Records identified through citation review (n= 6)
Total number of records identified (n=2821)

!

Records after removing duplications
(n=1002)

v

Title/abstracts screened for eligibility
(n=1002)

Records excluded

|

Full text articles/conference proceedings
assessed for eligibility
(n=22)

(n =980)

Records excluded with reasons (n =19)
Interventions not relevant (n=15)
Adverse outcomes not specified (n=3)

Duplicate patient population (n=1)

Studies included in narrative analysis
@=3)

Figure 1. Summary of records identification, screening, eligibility, and inclusion per PRISMA guideline. PRISMA: the preferred
reporting items for systematic reviews and meta-analyses. EHA: European Hematology Association; ASH: American Society of

Hematology.

www.thejh.org). Data analysis was conducted using a narrative
approach. A meta-analysis was considered inappropriate due
to limited data and significant heterogeneity in the measure-
ment of the outcomes evaluated.

Results

The summary of the study selection is displayed in Figure 1. A
total of 2,821 records were identified through database search,
conference proceedings, and a review of citations. The title and
abstracts of 1,002 studies were reviewed for eligibility after the
removal of duplications. Twenty-two potentially suitable stud-
ies underwent full-text review for eligibility. Nineteen studies
were excluded based on the following reasons: interventions
not relevant (15), adverse outcomes not specified (three), and
duplicate patient population (one). The characteristics of the
included studies are shown in Table 1 [19-21].

Study demographics

A total of three studies were included in this review involv-
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ing 549 SCD patients who were hospitalized for VOC [19-21].
The number of VOC encounters was higher than the number of
patients due to the inclusion of recurrent episodes of hospitali-
zation for VOC by the same patient. HbSS is the most preva-
lent hemoglobin genotype across the studies. Both pediatric
and adult SCD patients were included in the studies.

Pain control

Only one study explored the relationship between normal
saline bolus administration and sickle cell crisis pain con-
trol [19]. Out of 400 SCD patients who were managed for
VOC, 261 received normal saline bolus in the ED while 137
did not receive normal saline bolus. Mean baseline pain at
presentation (on a pain scale of 0 to 10) was similar between
both groups, 8.0 (standard deviation (SD) =2.1) vs. 8.0 (SD
=2.1) (P = 0.71). At ED disposition, the improvement in
pain score was less in the normal saline bolus group when
compared to those who did not receive normal saline bolus
(2.2 vs.3.0; P=10.03). Similarly, admission to inpatient care
was higher in the normal saline bolus group (71% vs. 59%;
P=0.01).
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Table 1. Characteristics of the Included Studies

No. of patients/
Design no. of VOC
encounters

Study/year Genotype

Types of IVF used

Adverse
outcomes
of interest

Duration
of stay (h)

Volume of

Age (years) IVF per stay

Carden etal, RCS 400/-
2019 [19]

HbSS,
HbSBO-thal

NS, LR, 1/2N8,
D5NS, D5 1/2NS,

13.8(3-21) 182+95 5.1(SD
mL/kg =23)

Pain control

D5 1/4NS, D5NS +
KC120 mEq, D5 +
1/2NS + KCI1 20 mEq

Gaut et al, RCS
2020 [20]

49/157 HbSS, HbSC -

Gaartmanet RCS 100/230

al, 2021 [21] HbSP-thal,

HbSB*-thal

HbSS, HbSC, NS, 0.65% NS,
D2.5 + 1/2NS

Hospital
admission
from ED

New oxygen
requirement

36 (SD 7.4 L (SD 96 (48
=17.9) =9.6) - 168)
Acute kidney
injury
Acute chest
syndrome
ICU transfer
Any adverse
events
25(18.3
-33.8)

3L24hor3
L/m?%/24 h?

144 (96 -
240)° 96
(72 - 144)¢

Volume
overload

Predictors
of volume
overload

apediatric volume. PDuration of hospitalization in those who developed volume overload. °Duration of hospitalization in those without volume over-
load. VOC: vaso-occlusive crisis; Hb: hemoglobin; NS: normal saline; RCS: retrospective cohort study; IVF: intravenous fluid; Thal: thalassemia; SD:
standard deviation; NS: normal saline; LR: lactated ringers; D5: 5% dextrose; D2.5: 2.5% dextrose; KCI: potassium chloride; ICU: intensive care unit;

ED: emergency department.

Volume overload

The incidence of volume overload following IVF therapy for
VOC was explored by one study involving 100 SCD patients
in 230 VOC encounters [21]. Each patient received 3 L/24 h
(adults) and 3 L/m%24 h (pediatrics) which was tapered or
stopped after 72 h. The primary outcome measure, volume
overload was defined by the presence of at least one of lung
edema on chest X-ray, peripheral edema or weight gain accom-
panied by one or more of lung crackles, shortness of breath
and/or oxygen requirement, reduction or discontinuation of
IVF and/ or use of diuretics. Out of 100 patients, 21 (21%) de-
veloped volume overload. The average duration of hospitaliza-
tion was longer among those who developed volume overload
(6 days vs. 4 days; P =0.037). The independent predictors of
volume overload were lactate dehydrogenase level on admis-
sion (P = 0.011), history of volume overload (P = 0.017), and
blood transfusion during admission (P = 0.005).

New oxygen requirement, acute chest syndrome (ACS),
and acute Kidney injury

One study provided information on the risk of new oxygen
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requirement, ACS, and acute kidney injury [20]. Overall, 49
patients made up of 157 VOC encounters were evaluated. The
mean volume of IVF (including blood) given was 7.7 L (SD =
9.7) over a median hospital stay of 4 days (interquartile range
(IQR): 2 - 7). New oxygen requirement was reported in 20
(20%) of patients who received more than 3 L of IVF com-
pared to eight (14%) among those who received less than 3 L
(P =0.311). Similarly, ACS was more common among those
who received more than 3 L, 10 (10%) compared to those who
received less than 3 L, two (3.5%) (P = 0.212). In addition,
acute kidney injury was reported in two (2.0%) of patients who
received more than 3 L and one (1.7%) of those who received
less than 3 L (P = 0.99). Although these were not statistically
significant, the overall risk of any adverse events was higher in
those who received more than 3 L (P = 0.029).

Discussion

For a disease affecting millions of people globally with mil-
lions of ED presentation and hospitalizations annually, it
is surprising there are scanty literature and no randomized
controlled trial that evaluated the efficacy and safety of the
current practice of IVF use in VOC management. One non-
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randomized study by Hatch et al in 1965 suggests vigorous
IVF hydration is required in VOC management due to insuf-
ficiency of oral hydration, while another study by Guy et al in
1971 suggested that an infusion of a large volume of hypotonic
fluid to induce hyponatremia improves vaso-occlusion [7, 22].
More recently, a study compared the admission rate and pain
control following the infusion of saline warmed to 37.5 °C in
the ED compared to those who received non-warmed saline
(22 - 24 °C) and reported a similar admission rate and pain
control between both groups [23]. The methodological limi-
tations of these studies make them unsuitable for generalized
application. As a result, we did not find any clinical trial in the
literature that adequately assessed the role of IVF use in the
management of VOC.

The practice of fluid administration varies across the in-
cluded studies with normal saline being the most commonly
used fluid, either as boluses or continuous infusions, regard-
less of the volume status of the patients. However, the use of
normal saline may be problematic for SCD patients [19, 21].
Normal saline has a slightly higher osmolarity compared to
plasma (308 vs. 290 mOsm/L) with an acidic pH of 5.6 (4.5 to
7.0) [24]. Hyposthenuria and varying degrees of kidney dys-
function (sickle cell nephropathy) are common among SCD
patients and may be unable to excrete such a huge solute load,
increasing their risk of volume overload [25]. In addition, the
use of hyperosmolar fluid has an implication for RBC rheol-
ogy in VOC. For a disease process provoked primarily by cel-
lular dehydration and increased cellular HbS concentration,
an increase in plasma osmolarity has been shown to worsen
sickle RBC dehydration, leading to HbS polymerization, re-
duced cellular deformability, increased adhesion to vascular
endothelium, and vaso-occlusion [26]. Also, normal saline in-
fusion may result in iatrogenic hyperchloremic acidosis, which
can precipitate hemoglobin polymerization [27, 28]. This may
be responsible for the worse pain control among individu-
als who received normal saline bolus reported in one of the
studies [19]. This argues against the use of normal saline in
the management of VOC and has led to increasing advocacy
for the use of hypotonic fluids rather than normal saline [14].
Negative outcomes following normal saline bolus have also
been reported in clinical trials among non-SCD patients. The
Fluid Expansion as Supportive Therapy (FEAST) trial showed
increased 48-h mortality in acutely ill children who received
normal saline bolus [29]. Other trials have reported increased
adverse kidney events following the use of normal saline bo-
luses in the ED in critically ill and non-critically ill patients
[30, 31].

Regardless of the IVF composition, the use of IVF is a risk
factor for volume overload, a commonly encountered problem
in the hospital setting. Manifesting as cutaneous and pulmo-
nary edema, volume overload is a major cause of morbidity
and mortality in hospitalized patients [32]. The reported in-
cidence of volume overload among patients hospitalized for
VOC in the study by Gaartman et al is 21% [21]. In that study,
the volume of IVF patients received was 3 L/24 h for adults
and 3 L/m?24 h for children. A report by the UK National
Clinical Guideline Center (NCGC) found that one in five
(20%) patients who received IVFs suffer complications due to
inappropriate administration [33]. In addition, any expansion
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of the intravascular volume by 2 - 3 L is sufficient to cause
volume overload [33]. One of the major underlying factors for
volume overload is the failure of providers to administer flu-
ids based on the patient’s volume status and history of volume
overload rather than the use of a blanket regimen for all pa-
tients with VOC [21]. For SCD patients with varying degrees
of renal (hyposthenuria, sickle cell nephropathy), cardiac (di-
astolic dysfunction), and pulmonary (pulmonary hypertension)
dysfunction, volume overload may have severe consequences
[25, 34]. In a retrospective review of autopsy studies on 21
SCD patients who died unexpectedly, pulmonary edema was
the most common pathologic finding, occurring in 48% of the
patients [35]. More than 60% of the patients in that study were
initially hospitalized for painful crisis and respiratory failure
was the leading cause of death among the patients. Another
autopsy study on 36 SCD patients found pulmonary edema in
23 (64%) of the patients [36]. In the absence of well-defined
guidelines on IVF use that are based on strong clinical evi-
dence from randomized controlled trials in SCD patients, the
practice of IVF use in VOC may continue to be dictated by
individual provider experiences with an attending risk of vol-
ume overload.

ACS is the leading cause of mortality in SCD and the
second leading cause of hospitalizations [37]. ACS is charac-
terized by fever and/or respiratory symptoms such as cough,
wheezing, chest pain, and new oxygen requirement accom-
panied by new infiltrates on chest X-ray [38]. About half of
patients with ACS presented initially to the hospital with VOC
and later developed this complication during hospitalization
with the onset of symptoms occurring about 24 to 72 h after
the onset of painful crisis [37]. Although the most recognized
underlying etiologies for ACS are lung infection, bone mar-
row fat embolism, alveolar hypoventilation, and pulmonary
infarction secondary to sequestration of sickle RBCs in the
pulmonary vasculature, there is evidence to suggest a possi-
ble contribution from IVF use [20, 37]. None of the studies
included in this review demonstrated a strong association be-
tween the use of IVF and the risk of developing ACS, although
the study by Gaut et al is suggestive of a potential association
[20]. Hypothetically, the use of a hypertonic and acidic fluid
such as normal saline could potentially worsen red sickling,
thereby contributing to the intravascular pulmonary sequestra-
tion of sickle cells. In addition, pulmonary edema, a potential
complication of any IVF administration could cause alveolar
hypoventilation, hypoxia (with symptoms similar to ACS), and
a vicious cycle of sickling of RBCs [39]. However, since ACS
often develops after hospitalization for VOC, it is hard to de-
termine the role of in-hospital interventions in provoking this
condition. Additional studies are needed to fully clarify the as-
sociation.

Acute kidney injury is a common finding among SCD pa-
tients during VOC episodes and the etiology is thought to be
multifactorial [40]. Baddam et al evaluated 197 admissions for
VOC and found AKI in 33 patients (17%) [41]. In that study,
half of the AKI developed during hospitalization. While the
use of non-steroidal anti-inflammatory drugs (NSAID), sepsis,
and hypovolemia are established risk factors for AKI in hospi-
talized patients, it is logical to think that the use of IVFs in the
treatment of VOC should reduce the risk of AKI in SCD pa-
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tient’s hospitalized for VOC [42]. However, there is evidence
to suggest inappropriate use of IVF may contribute to the risk
of AKI in SCD patients [20]. Hypervolemia and volume over-
load cause intrarenal venous congestion and have been shown
to induce a greater degree of renal injury than that from re-
duced arterial flow [43]. This is further highlighted by the find-
ings of the Isotonic Solutions and Major Adverse Renal Events
Trial (SMART) and the Saline Against Lactated Ringer’s or
Plasma-Lyte in the ED (SALT-ED) trial, both of which demon-
strated increased adverse kidney events including AKI follow-
ing the use of normal saline when compared to other balanced
crystalloids in critically ill and non-critically ill patients [30,
31]. This underscores the need for judicious use of IVF in SCD
patients who are at a higher risk of renal dysfunction compared
to the general population.

Although there are emerging advances in the prevention
and management of VOC in SCD patients, there are many un-
answered questions about the use of IVFs in the management
of VOC. Do patients need IVF supplementation or is oral rehy-
dration sufficient? What are the metrics for determining who
needs oral vs. IVFs? What is the ideal choice of fluid manage-
ment: isotonic vs. hypotonic fluids? If hypotonic, what is the
ideal option of hypotonic fluid; 0.65% normal saline vs. 0.45%
normal saline vs. 0.22% normal saline vs. free water? Rand-
omized controlled trials are needed to address these questions.

There are several limitations of this study that must be tak-
en into consideration. All the included studies are retrospective
cohort studies. As such, they are subject to the inherent bias
associated with a retrospective cohort study design such as se-
lection bias, detection bias, and reporting bias. Also, it is not
possible to establish direct causal effects between IVF admin-
istration and the studied adverse outcomes due to the presence
of other potential confounders which were not accounted for
in the included studies. In addition, there is significant hetero-
geneity in the measurement of outcomes precluding a meta-
analysis.

Conclusions

There is a wide variation in the practice of IVF administra-
tion in the treatment of VOC in SCD patients. Normal saline, a
frequently used IVF for VOC may be associated with adverse
outcomes such as worse pain control and volume overload.
While hypotonic fluids are theoretically better choices of IVF
for VOC, there are no randomized controlled trials on their
efficacy and safety in this patient population. IVF use should
be tailored to individual characteristics of each SCD patient.
Volume overload, new oxygen requirement, ACS and acute
kidney injury are major concerns with inappropriate IVF use
in SCD patients. Well-defined evidence-based guidelines on
IVF emanating from randomized controlled trials are required
to fully clarify the place of IVF in the management of VOC.

Supplementary Material

Suppl 1. Search strategy.
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Suppl 2. Assessment of study quality based on the Newcastle-
Ottawa scale.
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