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Abstract
Intravenous fluids (IVF) like normal saline (NS) and Ringer's lactate (RL) are often crucial in the
management of hospitalized patients. Mishandling these fluids can lead to complications in about 20% of
patients receiving them. In this review, we present the current evidence through the identification of
observational studies and randomized trials that observed the optimal use of IVF. We found that NS may
cause hyperchloremic metabolic acidosis in surgical patients, but there is no clear difference in mortality
and long-term outcomes between NS and balanced crystalloids. Critically ill patients, particularly those in
sepsis, benefit from balanced crystalloids, as high chloride content fluids like NS increase the risk of
complications and mortality. In pancreatitis, NS has been shown to increase the risk of ICU admission when
compared to RL; however, there is no significant difference in long-term outcomes and mortality between
the fluids. RL is preferred for burns due to its isotonicity and lack of protein, preventing edema formation in
an already dehydrated state. Plasma-lyte may resolve diabetic ketoacidosis faster, while prolonged NS use
can lead to metabolic acidosis, acute kidney injury, and cerebral edema. In conclusion, NS, RL, and plasma-
lyte are the most commonly used isotonic IVF in the hospital population. Incorrect choice of fluids in a
different clinical scenario can lead to worse outcomes.
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Introduction And Background
Water is required for the functioning of every cell in our bodies. Intravenous (IV) fluids such as 0.9% normal
saline (NS) or Ringer's lactate (RL) are crucial in the management of critically ill patients. A significant
proportion of patients in the hospital require maintenance with intravenous fluids as either a preventative
or a corrective measure of their condition [1-3]. It is not reported as much, but mismanagement of fluid
therapy can lead to patient harm. As many as one in five patients receiving intravenous fluids and
electrolytes suffer complications or morbidity due to their inappropriate administration [4]. While there is
an ongoing discussion on the proper use of IV fluids, errors in their use lead to electrolyte emergencies such
as hyponatremia and hyperkalemia, both in surgical and medical wards [5,6]. Studies have shown that when
IV fluids are used, the provider has little knowledge about their composition or the electrolyte needs of an
individual patient [7]. Thus, understanding the literature on managing hospitalized patients using IV fluids
is a must, especially when we have unclear evidence for certain clinical situations.

Review
Types of intravenous fluids
Broadly, intravenous fluids have been classified into three major categories depending on their tonicity,
specifically, isotonic, hypotonic, and hypertonic in comparison to water. Isotonic fluids have tonicity that
matches the intracellular fluids and are osmotically equal in a range of 240 to 340 mOsm/kg, so there are no
significant fluid shifts between intra and cellular space; this allows us to increase the intravascular volume
by administration of isotonic fluids. Hypotonic fluids, having less osmotic pressure, force water into the cells
from extracellular fluids. Hypertonic fluids, having a higher tonicity than intracellular fluids, draw water out
of the cells [8]. Table 1 shows the types of fluid included in each.
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Hypotonic Isotonic Hypertonic

5% Dextrose 0.9% normal saline 3% Sodium Chloride

0.45% Saline Ringer Lactate (RL)/Ringers -

- Plasma-lyte      -

- NaHCo3 150 meq in D5% 1000 ml  

TABLE 1: Types of intravenous fluids according to tonicity

Importance of isotonic fluids over others
As isotonic fluids avoid causing significant intracellular fluid shifts and allow us to increase intravascular
volume, they are used for a variety of clinical conditions in the hospital. They are used for increasing the
intravascular volume in conditions like dehydration, hypotension, sepsis, etc. [9,10]. Since iatrogenic
hyponatremia is associated with hypotonic intravenous fluids, isotonic intravenous fluids are favored for a
variety of disorders [6]. It may be due to the concentration of sodium that's present in the isotonic fluid that
is equivalent to that of plasma, which in turn reduces the possibility of hyponatremia [11]. However, it
should be regarded that isotonic fluids may cause hypernatremia and also fluid overload [12].

The two main isotonic fluids used most frequently are normal saline and Ringer's lactate solution. There is a
paucity of awareness or evidence about the benefits of specific types of intravenous fluid over others. With
this aim, we carried out this review on which isotonic intravenous fluid to choose when managing a patient
with a certain condition.

Normal saline
Normal saline is the most commonly used isotonic crystalloid intravenous fluid in the hospital. Normal
saline consists of 154 mEq of sodium in each liter bag. It has a tonicity of 308 mOsmol/iter. So while it is
used as an isotonic fluid, it is slightly hypertonic compared to plasma (270-300 mOsm/liter).

Normal saline is frequently used in medical treatment and administration, whether it be in hematology or
transfusion medicine. As it is isotonic, it is primarily in the interstitial compartment and has the tendency to
maintain the expansion of intravascular volume by remaining in the body for a longer period of time [13-15].
However, recently new data shows that it can have adverse effects when compared to a balanced, buffered
solution like plasma-lyte or Ringer's lactate [16]. Normal saline has a concentration of 154 mEQ/L of sodium
and chloride, with a pH of 5.8 and an osmolarity of 308 mOsm/L [17]. Normal saline in several conditions can
cause hyperchloremic, non-anion gap metabolic acidosis, secondarily to an increased amount of chloride
which eventually may cause renal vasoconstriction and leads to a decreased glomerular filtration rate (GFR)
[18,19]. Many studies have shown that normal saline due to its chloride content has been associated with
acute renal failure as well as in-hospital mortality [20,21]. Due to the chloride content, plasma-lyte or
Ringer's lactate is preferred over normal saline in critically ill patients suffering from septic shock, acute
respiratory failure, gastrointestinal bleeding, acute liver failure, drug toxicity or ingestion, and glucose
disorders [2].

Ringer's lactate
While selecting an isotonic fluid agent, due to the association of normal saline with hyperchloremic,
metabolic acidosis, there might be a preference towards balanced solutions, which have included acetate,
lactate, malate, or even citrate, which helps to metabolize the anions. The most widely used such balanced
solution is Ringer's lactate, with a pH limited to a range of 6.5, sodium concentration of 130 mEq/L, and a
lower concentration of 109 mEq/L for chloride concentration compared to normal saline, bringing the
osmotic concentration to 273 mOsm/L [17]. Thus, one of the drawbacks of normal saline which is of having a
higher concentration of chloride is resolved by Ringer's lactate. It has been seen that balanced fluids are
associated with a lower reduction in renal blood flow when compared to normal saline, by maintaining the
GFR and renal perfusion [22]. Balanced fluids have tonicity similar to plasma making it a more balanced and
patient-centered solution theoretically, although its clinical implications are still being explored [23-25].
However, when infused in the body, there has been reported evidence that Ringer's lactate can lead to a
decrease in plasma osmolality, thus mimicking a hypotonic solution with a capacity to amplify the water in
the brain and increasing the risk of cerebral edema [26]. Hence it is advised to avoid the use of it in patients
who are at risk of brain injury or those who are suffering from meningitis, brain tumor, or stroke
[18,19,27,28]. Also, Ringer's lactate does not cause a significant increase in lactate concentration when
compared to normal saline and hence, those patients with elevated lactate levels can be given Ringer's
lactate as an intravenous fluid [29,30].
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Plasma-lyte
Plasma-lyte, being from a balanced crystalloid solution, has similar characteristics and benefits to Ringer's
lactate over normal saline. Plasma-lyte also has a good buffering capacity to counteract acidosis as it
contains a large number of different anions like lactate, gluconate, and acetate which gets converted to
bicarbonate, carbon dioxide, and water, eventually addressing the electrolyte deficiency occurring in
acidosis [31]. Moreover, plasma-lyte having similar sodium, potassium, and chloride concentration that of
plasma and calcium deficit at the same time has an advantage over normal saline for correcting the base
deficit in an injured patient after 24-hour intervals [32].

Clinical implications/fluids of choice for resuscitation/clinical scenarios
Role in Surgery

So far existing evidence shows mixed results when assessing the effectiveness of various intravenous fluids
in surgical patients. An observational study by Shaw et al. looking at 31,000 patients (30,000 NS and 926 LR)
showed statistically significant lower rates of complications (including renal failure requiring dialysis, and
electrolyte disturbances) in the group receiving Ringer's lactate compared to normal saline, there was no
significant difference in mortality between both the groups [20]. A randomized controlled trial (RCT) of 44
neurosurgical (craniotomy) patients done by Ankita et al. showed increased rates of hyperchloremic
metabolic acidosis with normal saline when compared to plasma-lyte which is a balanced crystalloid [33].
British consensus guidelines on intravenous fluids for adult surgical patients recommend against using
normal saline from routine use due to the risk of hyperchloremic metabolic acidosis; this recommendation
was based on studies that show evidence of acidosis with normal saline without any clear evidence for harm
[16,34-39].

Despite the above studies showing the risk of post-operative with normal saline, other studies have not
shown a clear advantage for using a particular type of intravenous fluid. In a study done by Bhagat et al;
looking at 90 patients undergoing intracranial surgery, normal saline was associated with hyperchloremic
metabolic acidosis, but there was no difference between postoperative complications and hospital length of
stay between normal saline and Ringer's lactate [40]. The SOLAR trial done by Maheshwari et al., looking at
8616 patients undergoing colorectal and orthopedic surgery (4187 Ringer's lactate, 4429 normal saline), did
not report any difference in in-hospital mortality, postoperative renal, respiratory, and infectious
complications between both the groups [41]. The study by Emanuel et al. looking at 500 patients during
childbirth found an increased risk of acidosis with normal saline but did not find any significant difference
in the incidence of 24-hour maternal postoperative morbidity as well as neonatal outcomes between normal
saline and Ringer's lactate [42].

Role in Critically Ill Patients (SIRS/SEPSIS and ICU Patients)

Patients who are diagnosed with systemic inflammatory response syndrome (SIRS) have a hypermetabolic
stage and a marker deranged electrolyte balance, hence use of proper intravenous fluid and not
exaggerating those electrolyte disturbances is important [43]. Normal saline can be used but along comes
the hyperchloremic acidosis associated with it, which sensitizes macula densa and decreases the renal blood
flow as well as GFR, accelerating acute kidney injury (AKI) [44-46]. A meta-analysis done by Krajewski et al.
looking at 6253 patients in the perioperative or intensive care setting found that crystalloids that have a
higher chloride content are associated with a higher chance of AKI, metabolic acidosis, increased ventilation
time in patients with sepsis compared to those receiving low chloride crystalloid fluid; this study, however,
did not find any difference in mortality between both the groups [47]. Retrospective analysis done by Shaw et
al. looking at >100,000 patients with SIRS, fluid resuscitation strategy employing lower chloride loads was
associated with lower in-house mortality (1.094, 95% CI, 1.062-1.127) [46]. A retrospective study done by
Ragunath et al., looking at 53,448 septic patients from 360 USA hospitals, showed decreased rates of in-
hospital mortality with the use of balanced solutions like Ringer's lactate compared to normal saline [48].

Studies looking at the intensive care unit (ICU) population as a whole without a specific diagnosis of sepsis
show mixed results, while few studies did not find any difference in terms of mortality, acute kidney injury,
and rates of renal replacement therapy requirement between normal saline and balanced crystalloid [49,50],
a meta-analysis done by Gonzalez et al., looking at 20,684 ICU patients, showed significantly increased rates
of mortality with normal saline when compared to balanced crystalloids [51]. It is noted that the use of
normal saline or plasma-lyte had no effect on gastrointestinal tolerance, which is defined as having high
gastric residual volume (GRV), diarrhea, or even vomiting, in mechanically ventilated patients who were on
nasogastric feeds in the ICU [52]. A caveat in using normal saline for diluting drugs in ICU is that it is
associated with ICU-acquired hypernatremia [53].

Role in Burns

In this population, the existing literature is unclear regarding the ideal choice of fluid. Despite limited
evidence showing that hypertonic solutions, due to their osmolality can lead to decreased total fluid
requirement, edema formation, and lower the risk of abdominal compartment syndrome [54-56], hypertonic
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saline has been shown to lead to an increased risk of hypernatremia, renal failure, and death [57-59]. The
British Burns Association recommends Hartmann's solution (HS; a variation of Ringer's lactate) and LR is
the most commonly used fluid in the United States and Canada [59,60]. A study by Bedi et al. shows that for
maintenance therapy in burns, Ringer's lactate may not be sufficient enough to maintain the electrolyte
requirements, and it's low in glucose content. Due to this DNS can be added to Ringer's lactate for
maintenance [61]. In burn patients, no difference was seen between two balanced solutions, Ringer's lactate
and plasma-lyte [62]. Despite the theoretical benefits of hypertonic saline in burn patients, more studies are
needed to evaluate the safety of HS, and patients receiving HS need to be closely monitored for
hypernatremia and renal failure.

Role in Trauma

As trauma patients may require large-volume resuscitation, they are susceptible to metabolic acidosis due to
poor perfusion and the accumulation of lactate, metabolic acidosis. In trauma patients, normal saline has
been shown to be associated with an increased rate of hyperchloremia at 24-hour post injury and abnormal
acid-base status compared to balanced crystalloids in trauma patients [32,63,64]. Despite the use of
hypertonic saline by some institutions, a study by Bulger et al. found that the use of hypertonic saline
compared with normal saline in trauma patients with hypovolemic shock did not result in superior 28-day
survival [65].

Role in Pancreatitis

Existing evidence is not definitive regarding the superior choice of IVF in pancreatitis patients. While
multiple meta-analyses show a decreased rate of ICU admission, with Ringer's lactate over NS, they did not
show a difference in mortality between both groups [66-68]. Similarly double blinded RCT done by Lee et al.,
showed decreased rates of ICU admissions with LR use, but did not show any difference in rates of recurrent
pancreatitis, organ failure, or mortality between both the groups [69] and RCTs done by Wu et al. and
Madaria et al. showed decreased rates of inflammation with Ringer's lactate use, as evidenced by decreased
rates of SIRS development and decreased levels of inflammatory markers [70,71]. A retrospective study done
by Lipinski et al. on 103 patients did not show any difference in length of hospital stay and mortality
between NS and LR patients [72].

Role in Special Procedures

A commonly known use of normal saline is to give it with mannitol in patients who are undergoing
chemotherapy with cisplatin to prevent damage to the nephrons [73]. But when considering some
procedures it becomes important to classify those as which fluid to use. For an irrigating fluid used in
bipolar transurethral resection of the prostate (TURP) studies did not find out any superiority for normal
saline over Ringer's lactate [74]. While Ringer's lactate is usually a preferred fluid for nasal douching after
endoscopic sinus surgery as it is shown to improve postoperative pain and sinonasal symptoms, which was
shown in a study comparing it with normal saline [75]. Compared to isotonic and hypertonic saline, Ringer's
lactate solution may produce less noxious stimuli within the nasal mucosa and improve mucociliary
function, resulting in improved outcomes [75]. The amount of fluid used also does have an important role.
One study did not find a difference in the routine use of high- or low-volume use of plasma-lyte to prevent
hypotension and other complications in adults who are undergoing elective colonoscopy [76].

When considering certain procedures, warm normal saline irrigation used in ureteral endoscopic surgeries
often results in better surgical outcomes like having a lower ureteral spasm rate with a greater relaxation of
the ureteral muscle. It also showed lower chances of having various complications, like impaction of the
ureteroscope, dislodgement, or retropulsion of ureteral stone, compared to cold normal saline irrigation [43].
To reduce postoperative pain, the installation of normal saline intraperitoneally following laparoscopic
cholecystectomy is a good choice for reducing postoperative pain when compared to the administration of
analgesics after six hours and after 12 hours following the procedure [77]. Also, postoperative outcomes in
terms of wound infection and length of hospital stay are better when normal saline is used to irrigate
subcutaneous tissue under pressure for appendicitis wound closure as compared to the standard protocol
[78].

It was also observed that the so-called placebo effect for giving an intra-articular normal saline injection did
show a meaningful response clinically in patient-reported outcomes till months with knee osteoarthritis
when compared to hyaluronic acid in the treatment group [79]. Similarly in myofascial pain syndrome,
injection of normal saline at trigger points was preferred over the conventional drug mixture (lidocaine 1%
10 mL + triamcinolone acetonide 40 mg/mL), which was found useful not just because of its financial
advantage but also had a more acceptable side effect profile compared to conventional therapy [80]. Also,
local injection of normal saline has demonstrated more improvement clinically in terms of pain and also
functional outcomes in those who are suffering from lateral epicondylitis when compared to placebo [81]. In
patients in whom allergic rhinitis is suspected, nasopharyngeal irrigation with normal saline has been
shown to better relieve symptoms compared to the conventional nasal corticosteroid application [82].
Likewise, when compared to vaginal misoprostol, infiltration of normal saline has been found to be a good
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alternative at the time of surgery which again is associated with lesser complications and a better efficacy
with taking a shorter time to dilate the cervix [83]. When spontaneous respiration failed to occur in patients
with tonsillar herniation even after external ventricular drainage or when the supratentorial lesion was
removed, at that time clinical usefulness of normal saline injection via lumbar puncture helped regain
spontaneous breathing and full recovery in 24.4% of the participants. The overall effectiveness of this
procedure was found to be 60% [84]. However, not all procedures can replace the conventional treatment,
because local anesthetic with adrenaline is always preferred for septoplasty over normal saline [85].

The foremost thing while placing a chest tube is to seal the track properly to prevent the development of
pneumothorax after inserting a chest tube for any procedure, especially taking lung biopsy either via
percutaneous transthoracic route or CT-guided, and it was seen that sealing the track with normal saline is a
straightforward way to reduce the incidence of its associated complications [86,87].

Considering the use of normal saline, one also needs to know that it could be used to measure intra-
abdominal pressure, especially in critically ill patients where it is measured intravesically. Normal saline is
associated with accurate results [88]. Furthermore, injecting 5 ml of normal saline just before administering
hyperbaric bupivacaine is an effective way to prevent postural puncture headaches in patients with cesarean
section [89]. Using a normal saline wash to remove all the local anesthetic from a nerve block especially to
prevent diaphragmatic paralysis did not show a decrease in the level of analgesia. But the use of normal
saline showed a significant reduction in full hemidiaphragmatic paralysis, as most of the progression of the
drug was halted which resulted in only partial paralysis [90]. 

Role in Diabetic Ketoacidosis

Diabetes can cause a potentially fatal metabolic and homeostatic disorder called diabetic ketoacidosis
(DKA). Currently, management for any patient with DKA is to recover the fluid that has been lost, correct the
hyperglycemia with insulin, and correct the associated electrolyte losses and any imbalance [91]. The aim of
the fluid replacement is to expand the intravascular volume which is primarily obtained with isotonic fluid.
There are different factors that may affect the choice of fluid which are the hydration status of the patient,
electrolyte levels, and urine output. Normal saline has been used most often as a fluid of choice in DKA
patients [92]. However, with recent studies indicating the risk of increased chloride levels, acute kidney
injury, and metabolic acidosis with the use of normal saline, there is a concern for similar results affecting
DKA patients [2,18,19,93]. Our review showed mixed results with no definitive results as noted below.

A study by Oliver et al. [94] compared plasma-lyte and normal saline and did not find any significant
difference between the two fluids in the resolution of DKA, however, they showed that when a large amount
of normal saline is administered, the serum chloride level increases. Chua et al. [95] found a significant
resolution of DKA when the patients were given plasma-lyte compared to normal saline. They showed that
the chloride levels were not markedly elevated in those who received plasma-lyte, and emphasized the factor
that hyperchloremia may also be associated with the type of fluid which is given for the resuscitation.
Similar results were found in different studies also [96,97]. A randomized double-blinded controlled trial by
Van Zyl et al. [98] found that pH normalizes faster if Ringer's lactate is used as a primary resuscitation fluid
instead of normal saline, however, the results were not significant and they did not find any difference in the
rate of resolution of DKA. When considering the resolution of DKA, one tries to look at the evidence of the
disappearance of ketoacid anions, which is reflected by the serum anion gap becoming less than 12 mEq/L.
The anion gap takes into consideration of beta-hydroxybutyrate and also provides reasonable evidence of
changes that occur during resuscitation. Thus normalization of the anion gap helps to know that ketoacid
anions have disappeared from the serum. When volume expansion occurs through intravenous resuscitation,
loss of ketoacid anions occurs through renal excretion and hyperchloremic acidosis soon resolves as the
kidney is able to excrete ammonium chloride ions and at the same time regenerate bicarbonate ions [90-
101]. There are two different mechanisms by which Ringer's lactate is cleared. In normal individuals, lactate
undergoes gluconeogenesis and results in elevated levels of blood glucose which gets corrected with insulin,
however, this does not occur in DKA patients [102]. Secondly, lactate is oxidized to carbon dioxide and water.
Hydrogen ions are consumed in both gluconeogenesis and water, which helps in lowering acidosis in DKA
patients [103]. This might explain the faster normalization of pH with Ringer's lactate compared to normal
saline in the study done by Van Zyl et al. [98] however normalization pH does not imply that ketoacid anions
have been renally excreted.

Even though studies indicate a possible risk of worsening metabolic acidosis, and increased chloride levels
with normal saline, current evidence is not definitive that the use of balanced crystalloid solutions like LR or
plasma-lyte will lead to improvement in rates resolution of DKA and mortality. More prospective studies are
needed to determine the ideal choice of crystalloid fluid in DKA patients.

Role in Kidney Transplant

In patients with acute or chronic end-stage kidney disease, a transplant should be considered over dialysis
because it improves the quality of life. Crystalloids are routinely used during kidney transplantation to
maintain optimal intravascular volume, which is essential for graft perfusion and function [104-107]. During
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transplantation and after establishing vascularity in the transplanted kidney, it is important to maintain
appropriate electrolyte levels and acid-base balance. Therefore, the choice of fluid becomes important in
preventing electrolyte abnormalities and acid-base disorders [108]. Plasma-lyte or normal saline, either of
each can be used in patients with uncomplicated living donor kidney transplantation, but plasma-lyte does
show better acid-base and electrolyte balance compared to normal saline, most importantly in the post-
reperfusion period also [108]. Patients receiving normal saline were having higher chances of hyperkalemia
and hyperchloraemia, and were more prone to become acidotic compared to those receiving plasma-lyte
postoperatively [107]. Some also showed delayed graft functioning in the recipients receiving normal saline
perioperatively [109]. However, the role of hyperchloremic acidosis was not associated with delayed graft
function, suggesting an alternative chloride-independent mechanism [110]. A prospective study done by
Saini et al. [111] compared the use of normal saline, Ringer's lactate, and plasma-lyte in 60 renal transplant
patients in each group and also found that balanced crystalloid fluid was better than normal saline. Another
study that compared all three fluids with each other done by Hadimioglu et al. [112] also found that normal
saline was associated with a significantly increased amount of chloride and caused a decrease in pH. Among
balanced solutions, Ringer's lactate was found to be significant in increasing blood lactate levels. However,
no significant change in pH or lactate levels were seen in those patients who received plasma-lyte during
kidney transplant [112]. Similar results were shown by Kim et al. [108], Modi et al. [113], and O'Malley et al.
[34]. Therefore, current evidence suggests plasma-lyte might be superior to normal saline for kidney
transplantation, but more large randomized controlled studies are needed to definitively assess the
differences. 

There was a statistically significant decrease in pH (7.44 +/- 0.50 vs 7.36 +/- 0.05), base excess (0.4 +/- 3.1 vs -
4.3 +/- 2.1), and a significant increase in serum chloride (104 +/- 2 vs 125 +/- 3 mM/L) in patients receiving
saline during surgery. Lactate levels increased significantly in patients who received Ringer's lactate (0.48 +/-
0.29 vs 1.95 +/- 0.48). No significant changes in acid-base measures or lactate levels occurred in patients who
received plasma-lyte. Potassium levels were not significantly changed in any group.

Conclusions
Ringer's lactate, normal saline, and plasma-lyte are the most commonly used isotonic intravenous fluids in
the hospital population. Incorrect choice of fluids in a different clinical scenario can lead to worse
outcomes. There is a paucity of knowledge among providers about the various advantages and disadvantages
of various fluid choices.

In surgical patients, normal saline was associated with the development of hyperchloremic metabolic
acidosis but current evidence does not show any difference in mortality and long-term outcomes between
normal saline and balanced crystalloid solutions. Metabolic acidosis needs to be taken into consideration
before selecting intravenous fluids in perioperative patients.

In sepsis/sirs patients, existing evidence strongly shows an increased risk of complications, including
increased risk of mortality with high chloride content intravenous solutions (normal saline), when compared
to balanced crystalloids. When studies look at the ICU population as a whole, without a specific diagnosis of
sepsis, studies do not show a difference in mortality and acute complications between normal saline and
balanced crystalloid solutions. This reiterates the importance of favoring balanced crystalloid solutions for
sepsis patients.

With pancreatitis, while multiple studies and large meta-analysis suggests an increased risk of SIRS
development and ICU admission with normal saline when compared to Ringer's lactate, current evidence
does not show a difference in mortality and long-term outcomes between normal saline and balanced
crystalloids. More studies are needed to assess if a particular fluid choice is superior to other types of fluids.

Ringer's lactate solution is the preferred fluid for burns and is widely used in the USA and Canada.
Hypertonic sodium lactate solution has been found to have adverse effects and it did not decrease total fluid
requirements.

Normal saline is commonly used in DKA patients but has associated risks such as metabolic acidosis, acute
kidney injury, and cerebral edema. Studies have shown that plasma-lyte may have advantages such as a
lower risk of metabolic acidosis and faster resolution of DKA.

Limited evidence suggests that the use of balanced crystalloid solutions in renal transplant patients might
lead to lower rates of electrolyte and acid base imbalances, but more studies are needed to assess which fluid
choice is superior.

Additional Information
Disclosures
Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from

2023 Panchal et al. Cureus 15(5): e39411. DOI 10.7759/cureus.39411 6 of 11

javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)


any organization for the submitted work. Financial relationships: All authors have declared that they have
no financial relationships at present or within the previous three years with any organizations that might
have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.

References
1. Awad S, Allison SP, Lobo DN: The history of 0.9% saline . Clin Nutr. 2008, 27:179-88.

10.1016/j.clnu.2008.01.008
2. Semler MW, Self WH, Wanderer JP, et al.: Balanced crystalloids versus saline in critically ill adults . N Engl J

Med. 2018, 378:829-39. 10.1056/NEJMoa1711584
3. Intravenous fluid therapy in adults in hospital . (2017). https://www.nice.org.uk/guidance/cg174.
4. National Guideline Centre (UK): Evidence Review for Management of Anticoagulant Medication:

Perioperative Care in Adults: Evidence Review F. National Institute for Health and Care Excellence (NICE),
London; 2020.

5. Lehtiranta S, Honkila M, Kallio M, et al.: Risk of electrolyte disorders in acutely ill children receiving
commercially available plasmalike isotonic fluids: a randomized clinical trial. JAMA Pediatr. 2021, 175:28-
35. 10.1001/jamapediatrics.2020.3383

6. Carandang F, Anglemyer A, Longhurst CA, Krishnan G, Alexander SR, Kahana M, Sutherland SM:
Association between maintenance fluid tonicity and hospital-acquired hyponatremia . J Pediatr. 2013,
163:1646-51. 10.1016/j.jpeds.2013.07.020

7. Torjesen I: Patients are at risk because doctors don't know how much IV fluid they need, NICE says . BMJ.
2013, 347:f7396. 10.1136/bmj.f7396

8. Principles of Intravenous Fluids Therapy . (2020). Accessed: September 23, 2022:
https://www.researchgate.net/profile/Monira-
Ismail/publication/341544766_Principles_of_Intravenous_Fluids_Therapy/lin....

9. Santillanes G, Rose E: Evaluation and management of dehydration in children . Emerg Med Clin North Am.
2018, 36:259-73. 10.1016/j.emc.2017.12.004

10. Casey JD, Brown RM, Semler MW: Resuscitation fluids. Curr Opin Crit Care. 2018, 24:512-8.
10.1097/MCC.0000000000000551

11. Saba TG, Fairbairn J, Houghton F, Laforte D, Foster BJ: A randomized controlled trial of isotonic versus
hypotonic maintenance intravenous fluids in hospitalized children. BMC Pediatr. 2011, 11:82. 10.1186/1471-
2431-11-82

12. Holliday MA, Ray PE, Friedman AL: Fluid therapy for children: facts, fashions and questions . Arch Dis Child.
2007, 92:546-50. 10.1136/adc.2006.106377

13. Greenfield RH, Bessen HA, Henneman PL: Effect of crystalloid infusion on hematocrit and intravascular
volume in healthy, nonbleeding subjects. Ann Emerg Med. 1989, 18:51-5. 10.1016/s0196-0644(89)80312-9

14. Lobo DN, Stanga Z, Simpson JA, Anderson JA, Rowlands BJ, Allison SP: Dilution and redistribution effects of
rapid 2-litre infusions of 0.9% (w/v) saline and 5% (w/v) dextrose on haematological parameters and serum
biochemistry in normal subjects: a double-blind crossover study. Clin Sci. 2001, 101:173-9.
10.1042/cs1010173

15. Mullins RJ, Garrison RN: Fractional change in blood volume following normal saline infusion in high-risk
patients before noncardiac surgery. Ann Surg. 1989, 209:651-9; discussion 659-61. 10.1097/00000658-
198906000-00001

16. Soni N: British consensus guidelines on intravenous fluid therapy for adult surgical patients (GIFTASUP):
Cassandra's view. Anaesthesia. 2009, 64:235-8. 10.1111/j.1365-2044.2009.05886_1.x

17. Gordon D, Spiegel R: Fluid resuscitation: history, physiology, and modern fluid resuscitation strategies .
Emerg Med Clin North Am. 2020, 38:783-93. 10.1016/j.emc.2020.06.004

18. El Gkotmi N, Kosmeri C, Filippatos TD, Elisaf MS: Use of intravenous fluids/solutions: a narrative review .
Curr Med Res Opin. 2017, 33:459-71. 10.1080/03007995.2016.1261819

19. Quilley CP, Lin YS, McGiff JC: Chloride anion concentration as a determinant of renal vascular
responsiveness to vasoconstrictor agents. Br J Pharmacol. 1993, 108:106-10. 10.1111/j.1476-
5381.1993.tb13447.x

20. Shaw AD, Bagshaw SM, Goldstein SL, Scherer LA, Duan M, Schermer CR, Kellum JA: Major complications,
mortality, and resource utilization after open abdominal surgery: 0.9% saline compared to Plasma-Lyte.
Ann Surg. 2012, 255:821-9. 10.1097/SLA.0b013e31825074f5

21. Yunos NM, Bellomo R, Glassford N, Sutcliffe H, Lam Q, Bailey M: Chloride-liberal vs. chloride-restrictive
intravenous fluid administration and acute kidney injury: an extended analysis. Intensive Care Med. 2015,
41:257-64. 10.1007/s00134-014-3593-0

22. Chowdhury AH, Cox EF, Francis ST, Lobo DN: A randomized, controlled, double-blind crossover study on
the effects of 2-L infusions of 0.9% saline and plasma-lyte® 148 on renal blood flow velocity and renal
cortical tissue perfusion in healthy volunteers. Ann Surg. 2012, 256:18-24. 10.1097/SLA.0b013e318256be72

23. Finfer S, Myburgh J, Bellomo R: Intravenous fluid therapy in critically ill adults . Nat Rev Nephrol. 2018,
14:541-57. 10.1038/s41581-018-0044-0

24. Yunos NM, Bellomo R, Hegarty C, Story D, Ho L, Bailey M: Association between a chloride-liberal vs
chloride-restrictive intravenous fluid administration strategy and kidney injury in critically ill adults. JAMA.
2012, 308:1566-72. 10.1001/jama.2012.13356

25. Zampieri FG, Ranzani OT, Azevedo LC, Martins ID, Kellum JA, Libório AB: Lactated ringer is associated with
reduced mortality and less acute kidney injury in critically ill patients: a retrospective cohort analysis. Crit
Care Med. 2016, 44:2163-70. 10.1097/CCM.0000000000001948

26. Zornow MH, Todd MM, Moore SS: The acute cerebral effects of changes in plasma osmolality and oncotic
pressure. Anesthesiology. 1987, 67:936-41. 10.1097/00000542-198712000-00010

27. Filippatos TD, Liamis G, Christopoulou F, Elisaf MS: Ten common pitfalls in the evaluation of patients with
hyponatremia. Eur J Intern Med. 2016, 29:22-5. 10.1016/j.ejim.2015.11.022

2023 Panchal et al. Cureus 15(5): e39411. DOI 10.7759/cureus.39411 7 of 11

https://dx.doi.org/10.1016/j.clnu.2008.01.008
https://dx.doi.org/10.1016/j.clnu.2008.01.008
https://dx.doi.org/10.1056/NEJMoa1711584
https://dx.doi.org/10.1056/NEJMoa1711584
https://www.nice.org.uk/guidance/cg174
https://www.nice.org.uk/guidance/cg174
https://www.ncbi.nlm.nih.gov/books/NBK561978/
https://dx.doi.org/10.1001/jamapediatrics.2020.3383
https://dx.doi.org/10.1001/jamapediatrics.2020.3383
https://dx.doi.org/10.1016/j.jpeds.2013.07.020
https://dx.doi.org/10.1016/j.jpeds.2013.07.020
https://dx.doi.org/10.1136/bmj.f7396
https://dx.doi.org/10.1136/bmj.f7396
https://www.researchgate.net/profile/Monira-Ismail/publication/341544766_Principles_of_Intravenous_Fluids_Therapy/links/5ec672b492851c11a87b07a0/Principles-of-Intravenous-Fluids-Therapy.pdf.
https://www.researchgate.net/profile/Monira-Ismail/publication/341544766_Principles_of_Intravenous_Fluids_Therapy/links/5ec672b492851c11a87b07a0/Principles-of-Intravenous-Fluids-Therapy.pdf.
https://dx.doi.org/10.1016/j.emc.2017.12.004
https://dx.doi.org/10.1016/j.emc.2017.12.004
https://dx.doi.org/10.1097/MCC.0000000000000551
https://dx.doi.org/10.1097/MCC.0000000000000551
https://dx.doi.org/10.1186/1471-2431-11-82
https://dx.doi.org/10.1186/1471-2431-11-82
https://dx.doi.org/10.1136/adc.2006.106377
https://dx.doi.org/10.1136/adc.2006.106377
https://dx.doi.org/10.1016/s0196-0644(89)80312-9
https://dx.doi.org/10.1016/s0196-0644(89)80312-9
https://dx.doi.org/10.1042/cs1010173
https://dx.doi.org/10.1042/cs1010173
https://dx.doi.org/10.1097/00000658-198906000-00001
https://dx.doi.org/10.1097/00000658-198906000-00001
https://dx.doi.org/10.1111/j.1365-2044.2009.05886_1.x
https://dx.doi.org/10.1111/j.1365-2044.2009.05886_1.x
https://dx.doi.org/10.1016/j.emc.2020.06.004
https://dx.doi.org/10.1016/j.emc.2020.06.004
https://dx.doi.org/10.1080/03007995.2016.1261819
https://dx.doi.org/10.1080/03007995.2016.1261819
https://dx.doi.org/10.1111/j.1476-5381.1993.tb13447.x
https://dx.doi.org/10.1111/j.1476-5381.1993.tb13447.x
https://dx.doi.org/10.1097/SLA.0b013e31825074f5
https://dx.doi.org/10.1097/SLA.0b013e31825074f5
https://dx.doi.org/10.1007/s00134-014-3593-0
https://dx.doi.org/10.1007/s00134-014-3593-0
https://dx.doi.org/10.1097/SLA.0b013e318256be72
https://dx.doi.org/10.1097/SLA.0b013e318256be72
https://dx.doi.org/10.1038/s41581-018-0044-0
https://dx.doi.org/10.1038/s41581-018-0044-0
https://dx.doi.org/10.1001/jama.2012.13356
https://dx.doi.org/10.1001/jama.2012.13356
https://dx.doi.org/10.1097/CCM.0000000000001948
https://dx.doi.org/10.1097/CCM.0000000000001948
https://dx.doi.org/10.1097/00000542-198712000-00010
https://dx.doi.org/10.1097/00000542-198712000-00010
https://dx.doi.org/10.1016/j.ejim.2015.11.022
https://dx.doi.org/10.1016/j.ejim.2015.11.022


28. Rowell SE, Fair KA, Barbosa RR, et al.: The impact of pre-hospital administration of lactated ringer’s
solution versus normal saline in patients with traumatic brain injury. J Neurotrauma. 2016, 33:1054-9.
10.1089/neu.2014.3478

29. Zitek T, Skaggs ZD, Rahbar A, Patel J, Khan M: Does intravenous lactated ringer’s solution raise serum
lactate?. J Emerg Med. 2018, 55:313-8. 10.1016/j.jemermed.2018.05.031

30. Didwania A, Miller J, Kassel D, Jackson EV Jr, Chernow B: Effect of intravenous lactated Ringer's solution
infusion on the circulating lactate concentration: Part 3. Results of a prospective, randomized, double-blind,
placebo-controlled trial. Crit Care Med. 1997, 25:1851-4. 10.1097/00003246-199711000-00024

31. Rizoli S: PlasmaLyte. J Trauma. 2011, 70:S17-8. 10.1097/TA.0b013e31821a4d89
32. Young JB, Utter GH, Schermer CR, et al.: Saline versus Plasma-Lyte A in initial resuscitation of trauma

patients: a randomized trial. Ann Surg. 2014, 259:255-62. 10.1097/SLA.0b013e318295feba
33. Dey A, Adinarayanan S, Bidkar PU, Bangera RK, Balasubramaniyan V: Comparison of normal saline and

balanced crystalloid (plasmalyte) in patients undergoing elective craniotomy for supratentorial brain
tumors: a randomized controlled trial. Neurol India. 2018, 66:1338-44. 10.4103/0028-3886.241347

34. O'Malley CM, Frumento RJ, Hardy MA, Benvenisty AI, Brentjens TE, Mercer JS, Bennett-Guerrero E: A
randomized, double-blind comparison of lactated Ringer's solution and 0.9% NaCl during renal
transplantation. Anesth Analg. 2005, 100:1518-24. 10.1213/01.ANE.0000150939.28904.81

35. Reid F, Lobo DN, Williams RN, Rowlands BJ, Allison SP: (Ab)normal saline and physiological Hartmann’s
solution: a randomized double-blind crossover study. Clin Sci. 2003, 104:17-24. 10.1042/cs1040017

36. Wilkes NJ, Woolf R, Mutch M, Mallett SV, Peachey T, Stephens R, Mythen MG: The effects of balanced
versus saline-based hetastarch and crystalloid solutions on acid-base and electrolyte status and gastric
mucosal perfusion in elderly surgical patients. Anesth Analg. 2001, 93:811-6. 10.1097/00000539-200110000-
00003

37. Williams EL, Hildebrand KL, McCormick SA, Bedel MJ: The effect of intravenous lactated Ringer's solution
versus 0.9% sodium chloride solution on serum osmolality in human volunteers. Anesth Analg. 1999,
88:999-1003. 10.1097/00000539-199905000-00006

38. Ho AM, Karmakar MK, Contardi LH, Ng SS, Hewson JR: Excessive use of normal saline in managing
traumatized patients in shock: a preventable contributor to acidosis. J Trauma. 2001, 51:173-7.
10.1097/00005373-200107000-00033

39. Waters JH, Gottlieb A, Schoenwald P, Popovich MJ, Sprung J, Nelson DR: Normal saline versus lactated
Ringer's solution for intraoperative fluid management in patients undergoing abdominal aortic aneurysm
repair: an outcome study. Anesth Analg. 2001, 93:817-22. 10.1097/00000539-200110000-00004

40. Bhagat H, Singhal V, Dash HH, Mahajan S, Mishra N, Pandia MP: Comparative evaluation of intraoperative
use of normal saline, Ringer's lactate, and combination of normal saline and Ringer's lactate in
neurosurgical patients - a preliminary randomized clinical trial. Neurol India. 2019, 67:452-8. 10.4103/0028-
3886.258047

41. Maheshwari K, Turan A, Makarova N, et al.: Saline versus lactated Ringer's solution: the Saline or Lactated
Ringer's (SOLAR) Trial. Anesthesiology. 2020, 132:614-24. 10.1097/ALN.0000000000003130

42. Ayebale ET, Kwizera A, Mijumbi C, Kizito S, Roche AM: Ringer’s lactate versus normal saline in urgent
cesarean delivery in a resource-limited setting: a pragmatic clinical trial. Anesth Analg. 2017, 125:533-9.
10.1213/ANE.0000000000002229

43. Mohammadzadeh Rezaei MA, Akhavan Rezayat A, Tavakoli M, Jarahi L: Evaluation the result of warm
normal saline irrigation in ureteral endoscopic surgeries. Urol J. 2018, 15:83-6. 10.22037/uj.v0i0.3872

44. Prough DS, Bidani A: Hyperchloremic metabolic acidosis is a predictable consequence of intraoperative
infusion of 0.9% saline. Anesthesiology. 1999, 90:1247-9. 10.1097/00000542-199905000-00003

45. Scheingraber S, Rehm M, Sehmisch C, Finsterer U: Rapid saline infusion produces hyperchloremic acidosis
in patients undergoing gynecologic surgery. Anesthesiology. 1999, 90:1265-70. 10.1097/00000542-
199905000-00007

46. Shaw AD, Raghunathan K, Peyerl FW, Munson SH, Paluszkiewicz SM, Schermer CR: Association between
intravenous chloride load during resuscitation and in-hospital mortality among patients with SIRS.
Intensive Care Med. 2014, 40:1897-905. 10.1007/s00134-014-3505-3

47. Krajewski ML, Raghunathan K, Paluszkiewicz SM, Schermer CR, Shaw AD: Meta-analysis of high- versus
low-chloride content in perioperative and critical care fluid resuscitation. Br J Surg. 2015, 102:24-36.
10.1002/bjs.9651

48. Raghunathan K, Shaw A, Nathanson B, et al.: Association between the choice of IV crystalloid and in-
hospital mortality among critically ill adults with sepsis*. Crit Care Med. 2014, 42:1585-91.
10.1097/CCM.0000000000000305

49. Liu C, Lu G, Wang D, et al.: Balanced crystalloids versus normal saline for fluid resuscitation in critically ill
patients: a systematic review and meta-analysis with trial sequential analysis. Am J Emerg Med. 2019,
37:2072-8. 10.1016/j.ajem.2019.02.045

50. Reddy SK, Bailey MJ, Beasley RW, et al.: A protocol for the 0.9% saline versus Plasma-Lyte 148 for intensive
care fluid therapy (SPLIT) study. Crit Care Resusc. 2014, 16:274-9.

51. González-Castro A, Ortiz-Lasa M, Rodriguez-Borregan JC, et al.: Meta-analysis of the effects of normal
saline on mortality in intensive care. Rev Esp Anestesiol Reanim (Engl Ed). 2019, 66:3-9.
10.1016/j.redar.2018.06.007

52. Reddy S, Bailey M, Beasley R, Bellomo R, Mackle D, Psirides A, Young P: Effect of saline 0.9% or Plasma-
Lyte 148 therapy on feeding intolerance in patients receiving nasogastric enteral nutrition. Crit Care Resusc.
2016, 18:198-204.

53. Choo WP, Groeneveld AB, Driessen RH, Swart EL: Normal saline to dilute parenteral drugs and to keep
catheters open is a major and preventable source of hypernatremia acquired in the intensive care unit. J Crit
Care. 2014, 29:390-4. 10.1016/j.jcrc.2014.01.025

54. Demling RH, Gunther RA, Harms B, Kramer G: Burn edema part II . J Burn Care Rehabil. 1982, 3:799.
10.1097/00004630-198207000-00003

55. Oda J, Ueyama M, Yamashita K, et al.: Hypertonic lactated saline resuscitation reduces the risk of abdominal

2023 Panchal et al. Cureus 15(5): e39411. DOI 10.7759/cureus.39411 8 of 11

https://dx.doi.org/10.1089/neu.2014.3478
https://dx.doi.org/10.1089/neu.2014.3478
https://dx.doi.org/10.1016/j.jemermed.2018.05.031
https://dx.doi.org/10.1016/j.jemermed.2018.05.031
https://dx.doi.org/10.1097/00003246-199711000-00024
https://dx.doi.org/10.1097/00003246-199711000-00024
https://dx.doi.org/10.1097/TA.0b013e31821a4d89
https://dx.doi.org/10.1097/TA.0b013e31821a4d89
https://dx.doi.org/10.1097/SLA.0b013e318295feba
https://dx.doi.org/10.1097/SLA.0b013e318295feba
https://dx.doi.org/10.4103/0028-3886.241347
https://dx.doi.org/10.4103/0028-3886.241347
https://dx.doi.org/10.1213/01.ANE.0000150939.28904.81
https://dx.doi.org/10.1213/01.ANE.0000150939.28904.81
https://dx.doi.org/10.1042/cs1040017
https://dx.doi.org/10.1042/cs1040017
https://dx.doi.org/10.1097/00000539-200110000-00003
https://dx.doi.org/10.1097/00000539-200110000-00003
https://dx.doi.org/10.1097/00000539-199905000-00006
https://dx.doi.org/10.1097/00000539-199905000-00006
https://dx.doi.org/10.1097/00005373-200107000-00033
https://dx.doi.org/10.1097/00005373-200107000-00033
https://dx.doi.org/10.1097/00000539-200110000-00004
https://dx.doi.org/10.1097/00000539-200110000-00004
https://dx.doi.org/10.4103/0028-3886.258047
https://dx.doi.org/10.4103/0028-3886.258047
https://dx.doi.org/10.1097/ALN.0000000000003130
https://dx.doi.org/10.1097/ALN.0000000000003130
https://dx.doi.org/10.1213/ANE.0000000000002229
https://dx.doi.org/10.1213/ANE.0000000000002229
https://dx.doi.org/10.22037/uj.v0i0.3872
https://dx.doi.org/10.22037/uj.v0i0.3872
https://dx.doi.org/10.1097/00000542-199905000-00003
https://dx.doi.org/10.1097/00000542-199905000-00003
https://dx.doi.org/10.1097/00000542-199905000-00007
https://dx.doi.org/10.1097/00000542-199905000-00007
https://dx.doi.org/10.1007/s00134-014-3505-3
https://dx.doi.org/10.1007/s00134-014-3505-3
https://dx.doi.org/10.1002/bjs.9651
https://dx.doi.org/10.1002/bjs.9651
https://dx.doi.org/10.1097/CCM.0000000000000305
https://dx.doi.org/10.1097/CCM.0000000000000305
https://dx.doi.org/10.1016/j.ajem.2019.02.045
https://dx.doi.org/10.1016/j.ajem.2019.02.045
https://search.informit.org/doi/abs/10.3316/INFORMIT.801917000179357
https://dx.doi.org/10.1016/j.redar.2018.06.007
https://dx.doi.org/10.1016/j.redar.2018.06.007
https://search.informit.org/doi/abs/10.3316/informit.313889478041234
https://dx.doi.org/10.1016/j.jcrc.2014.01.025
https://dx.doi.org/10.1016/j.jcrc.2014.01.025
https://dx.doi.org/10.1097/00004630-198207000-00003
https://dx.doi.org/10.1097/00004630-198207000-00003
https://dx.doi.org/10.1097/01.ta.0000199431.66938.99


compartment syndrome in severely burned patients. J Trauma. 2006, 60:64-71.
10.1097/01.ta.0000199431.66938.99

56. Monafo WW: The treatment of burn shock by the intravenous and oral administration of hypertonic
lactated saline solution. J Trauma. 1970, 10:575-86. 10.1097/00005373-197007000-00006

57. Huang PP, Stucky FS, Dimick AR, et al.: Hypertonic sodium resuscitation is associated with renal failure and
death. Resuscitation. 1996, 31:82. 10.1016/0300-9572(96)84928-8

58. Kuroda T, Harada T, Tsutsumi H, Kobayashi M: Hypernatremia deepens the demarcating borderline of
leukocytic infiltration in the burn wound. Burns. 1997, 23:432-7. 10.1016/s0305-4179(97)00016-8

59. Chan JK, Ghosh SJ: Fluid resuscitation in burns: an update . Hong Kong J Emerg Med. 2009, 16:51-62.
10.1177/102490790901600112

60. Haberal M, Sakallioglu Abali AE, Karakayali H: Fluid management in major burn injuries . Indian J Plast Surg.
2010, 43:S29-36. 10.4103/0970-0358.70715

61. Bedi MK, Sarabahi S, Agrawal K: New fluid therapy protocol in acute burn from a tertiary burn care centre .
Burns. 2019, 45:335-40. 10.1016/j.burns.2018.03.011

62. Chaussard M, Dépret F, Saint-Aubin O, et al.: Physiological response to fluid resuscitation with Ringer
lactate versus Plasmalyte in critically ill burn patients. J Appl Physiol (1985). 2020, 128:709-14.
10.1152/japplphysiol.00859.2019

63. Peerless JR: Fluid management of the trauma patient . Curr Opin Anaesthesiol. 2001, 14:221-5.
10.1097/00001503-200104000-00015

64. Kaczynski J, Wilczynska M, Hilton J, Fligelstone L: Impact of crystalloids and colloids on coagulation
cascade during trauma resuscitation-a literature review. Emerg Med Health Care. 2013, 1:1. 10.7243/2052-
6229-1-1

65. Bulger EM, May S, Kerby JD, et al.: Out-of-hospital hypertonic resuscitation after traumatic hypovolemic
shock: a randomized, placebo controlled trial. Ann Surg. 2011, 253:431-41. 10.1097/SLA.0b013e3181fcdb22

66. Iqbal U, Anwar H, Scribani M: Ringer's lactate versus normal saline in acute pancreatitis: a systematic
review and meta-analysis. J Dig Dis. 2018, 19:335-41. 10.1111/1751-2980.12606

67. Aziz M, Ahmed Z, Weissman S, et al.: Lactated Ringer's vs normal saline for acute pancreatitis: an updated
systematic review and meta-analysis. Pancreatology. 2021, 21:1217-23. 10.1016/j.pan.2021.06.002

68. Zhou S, Buitrago C, Foong A, et al.: Comprehensive meta-analysis of randomized controlled trials of
lactated Ringer's versus normal saline for acute pancreatitis. Pancreatology. 2021, 21:1405-10.
10.1016/j.pan.2021.07.003

69. Lee A, Ko C, Buitrago C, Hiramoto B, Hilson L, Buxbaum J: Lactated ringers vs normal saline resuscitation
for mild acute pancreatitis: a randomized trial. Gastroenterology. 2021, 160:955-957.e4.
10.1053/j.gastro.2020.10.044

70. Wu BU, Hwang JQ, Gardner TH, et al.: Lactated Ringer's solution reduces systemic inflammation compared
with saline in patients with acute pancreatitis. Clin Gastroenterol Hepatol. 2011, 9:710-717.e1.
10.1016/j.cgh.2011.04.026

71. de-Madaria E, Herrera-Marante I, González-Camacho V, et al.: Fluid resuscitation with lactated Ringer's
solution vs normal saline in acute pancreatitis: a triple-blind, randomized, controlled trial. United European
Gastroenterol J. 2018, 6:63-72. 10.1177/2050640617707864

72. Lipinski M, Rydzewska-Rosolowska A, Rydzewski A, Rydzewska G: Fluid resuscitation in acute pancreatitis:
normal saline or lactated Ringer's solution?. World J Gastroenterol. 2015, 21:9367-72.
10.3748/wjg.v21.i31.9367

73. Sainamthip P, Saichaemchan S, Satirapoj B, Prasongsook N: The effect of intravenous mannitol combined
with normal saline in preventing cisplatin-induced nephrotoxicity: a randomized, double-blind, placebo-
controlled trial. JCO Glob Oncol. 2022, 8:e2100275. 10.1200/GO.21.00275

74. Ahmed E, Ingvar J, Nyman CR, Norming U, Andersson E, Hahn RG, Fagerström T: Comparison between
normal saline and Ringer's acetate in bipolar transurethral resection of the prostate. Scand J Urol. 2017,
51:319-22. 10.1080/21681805.2017.1313308

75. Low TH, Woods CM, Ullah S, Carney AS: A double-blind randomized controlled trial of normal saline,
lactated Ringer's, and hypertonic saline nasal irrigation solution after endoscopic sinus surgery. Am J Rhinol
Allergy. 2014, 28:225-31. 10.2500/ajra.2014.28.4031

76. Leslie K, Allen M, Lee A, Clarke P: A randomized-controlled trial of high- or low-volume intravenous
Plasma-Lyte(®) to prevent hypotension during sedation for colonoscopy. Can J Anaesth. 2016, 63:952-61.
10.1007/s12630-016-0672-4

77. Habib A, Emon RI, Shejuty TR, Reza E, Khan SA: Role of intraperitoneal normal saline instillation in
relieving post-operative pain following laparoscopic cholecystectomy: a quasi experimental study.
Mymensingh Med J. 2021, 30:929-35.

78. Reza E, Emon RI, Bhuiyan K, Habib A, Khan TF: Effectiveness of pressurized normal saline irrigation of
subcutaneous tissue following appendicectomy in decreasing wound infection: a quasi experimental study.
Mymensingh Med J. 2020, 29:568-71.

79. Saltzman BM, Leroux T, Meyer MA, et al.: The therapeutic effect of intra-articular normal saline injections
for knee osteoarthritis: a meta-analysis of evidence level 1 studies. Am J Sports Med. 2017, 45:2647-53.
10.1177/0363546516680607

80. Roldan CJ, Osuagwu U, Cardenas-Turanzas M, Huh BK: Normal saline trigger point injections vs
conventional active drug mix for myofascial pain syndromes. Am J Emerg Med. 2020, 38:311-6.
10.1016/j.ajem.2019.158410

81. Acosta-Olivo CA, Millán-Alanís JM, Simental-Mendía LE, Álvarez-Villalobos N, Vilchez-Cavazos F, Peña-
Martínez VM, Simental-Mendía M: Effect of normal saline injections on lateral epicondylitis symptoms: a
systematic review and meta-analysis of randomized clinical trials. Am J Sports Med. 2020, 48:3094-102.
10.1177/0363546519899644

82. Lin L, Chen Z, Cao Y, Sun G: Normal saline solution nasal-pharyngeal irrigation improves chronic cough
associated with allergic rhinitis. Am J Rhinol Allergy. 2017, 31:96-104. 10.2500/ajra.2017.31.4418

83. Hameed BH, Farhan FS: A comparative clinical trial of vaginal misoprostol versus intracervical normal

2023 Panchal et al. Cureus 15(5): e39411. DOI 10.7759/cureus.39411 9 of 11

https://dx.doi.org/10.1097/01.ta.0000199431.66938.99
https://dx.doi.org/10.1097/00005373-197007000-00006
https://dx.doi.org/10.1097/00005373-197007000-00006
https://dx.doi.org/10.1016/0300-9572(96)84928-8
https://dx.doi.org/10.1016/0300-9572(96)84928-8
https://dx.doi.org/10.1016/s0305-4179(97)00016-8
https://dx.doi.org/10.1016/s0305-4179(97)00016-8
https://dx.doi.org/10.1177/102490790901600112
https://dx.doi.org/10.1177/102490790901600112
https://dx.doi.org/10.4103/0970-0358.70715
https://dx.doi.org/10.4103/0970-0358.70715
https://dx.doi.org/10.1016/j.burns.2018.03.011
https://dx.doi.org/10.1016/j.burns.2018.03.011
https://dx.doi.org/10.1152/japplphysiol.00859.2019
https://dx.doi.org/10.1152/japplphysiol.00859.2019
https://dx.doi.org/10.1097/00001503-200104000-00015
https://dx.doi.org/10.1097/00001503-200104000-00015
https://dx.doi.org/10.7243/2052-6229-1-1
https://dx.doi.org/10.7243/2052-6229-1-1
https://dx.doi.org/10.1097/SLA.0b013e3181fcdb22
https://dx.doi.org/10.1097/SLA.0b013e3181fcdb22
https://dx.doi.org/10.1111/1751-2980.12606
https://dx.doi.org/10.1111/1751-2980.12606
https://dx.doi.org/10.1016/j.pan.2021.06.002
https://dx.doi.org/10.1016/j.pan.2021.06.002
https://dx.doi.org/10.1016/j.pan.2021.07.003
https://dx.doi.org/10.1016/j.pan.2021.07.003
https://dx.doi.org/10.1053/j.gastro.2020.10.044
https://dx.doi.org/10.1053/j.gastro.2020.10.044
https://dx.doi.org/10.1016/j.cgh.2011.04.026
https://dx.doi.org/10.1016/j.cgh.2011.04.026
https://dx.doi.org/10.1177/2050640617707864
https://dx.doi.org/10.1177/2050640617707864
https://dx.doi.org/10.3748/wjg.v21.i31.9367
https://dx.doi.org/10.3748/wjg.v21.i31.9367
https://dx.doi.org/10.1200/GO.21.00275
https://dx.doi.org/10.1200/GO.21.00275
https://dx.doi.org/10.1080/21681805.2017.1313308
https://dx.doi.org/10.1080/21681805.2017.1313308
https://dx.doi.org/10.2500/ajra.2014.28.4031
https://dx.doi.org/10.2500/ajra.2014.28.4031
https://dx.doi.org/10.1007/s12630-016-0672-4
https://dx.doi.org/10.1007/s12630-016-0672-4
https://europepmc.org/article/med/34605458
https://europepmc.org/article/med/32844795
https://dx.doi.org/10.1177/0363546516680607
https://dx.doi.org/10.1177/0363546516680607
https://dx.doi.org/10.1016/j.ajem.2019.158410
https://dx.doi.org/10.1016/j.ajem.2019.158410
https://dx.doi.org/10.1177/0363546519899644
https://dx.doi.org/10.1177/0363546519899644
https://dx.doi.org/10.2500/ajra.2017.31.4418
https://dx.doi.org/10.2500/ajra.2017.31.4418
https://dx.doi.org/10.1111/jog.14622


saline infiltration as a cervical ripening agent at time of hysteroscopy. J Obstet Gynaecol Res. 2021, 47:978-
83. 10.1111/jog.14622

84. Meng Q, Wei L, Li X, et al.: Normal saline injection via lumbar puncture for the treatment of acute tonsillar
herniation: a report of 45 cases. World Neurosurg. 2014, 81:173-6. 10.1016/j.wneu.2012.09.024

85. Gungor V, Baklaci D, Kum RO, Yilmaz YF, Ozcan M, Unal A: Infiltration with lidocaine and adrenaline
instead of normal saline does not improve the septoplasty procedure. Eur Arch Otorhinolaryngol. 2016,
273:2073-7. 10.1007/s00405-015-3870-8

86. Babu SB, Srinivasan S, Chung R, Chawla A, Tan HK, Lohan R: Tract sealing with normal saline after
percutaneous transthoracic lung biopsies. J Med Imaging Radiat Oncol. 2020, 64:211-4. 10.1111/1754-
9485.13002

87. Li Y, Du Y, Luo TY, et al.: Usefulness of normal saline for sealing the needle track after CT-guided lung
biopsy. Clin Radiol. 2015, 70:1192-7. 10.1016/j.crad.2015.06.081

88. Zou J, Zheng L, Shuai W, Li Q, Wang Q, Zhang Z, Li D: Comparison of intra-abdominal pressure
measurements in critically ill patients using intravesical normal saline at 15°c, 25°c, and 35°c. Med Sci
Monit. 2021, 27:e932804. 10.12659/MSM.932804

89. Faridi Tazeh-Kand N, Eslami B, Ghorbany Marzony S, Abolhassani R, Mohammadian K: Injection of
intrathecal normal saline in decreasing postdural puncture headache. J Anesth. 2014, 28:206-9.
10.1007/s00540-013-1683-8

90. Gerber LN, Sun LY, Ma W, et al.: Clinical effect of normal saline injectate into interscalene nerve block
catheters given within one hour of local anesthetic bolus on analgesia and hemidiaphragmatic paralysis. Reg
Anesth Pain Med. 2021, 46:124-9. 10.1136/rapm-2020-101922

91. Gosmanov AR, Gosmanova EO, Kitabchi AE: Hyperglycemic crises: diabetic ketoacidosis and hyperglycemic
hyperosmolar state. Endotext. Feingold KR, Anawalt B, Blackman MR, et al. (ed): MDText.com, Inc., South
Dartmouth; 2021.

92. Wallace TM, Matthews DR: Recent advances in the monitoring and management of diabetic ketoacidosis .
QJM. 2004, 97:773-80. 10.1093/qjmed/hch132

93. Bohn D, Daneman D: Diabetic ketoacidosis and cerebral edema. Curr Opin Pediatr. 2002, 14:287-91.
10.1097/00008480-200206000-00001

94. Oliver WD, Willis GC, Hines MC, Hayes BD: Comparison of plasma-lyte a and sodium chloride 0.9% for fluid
resuscitation of patients with diabetic ketoacidosis. Hosp Pharm. 2018, 53:326-30.
10.1177/0018578718757517

95. Chua HR, Venkatesh B, Stachowski E, et al.: Plasma-Lyte 148 vs 0.9% saline for fluid resuscitation in
diabetic ketoacidosis. J Crit Care. 2012, 27:138-45. 10.1016/j.jcrc.2012.01.007

96. Mahler SA, Conrad SA, Wang H, Arnold TC: Resuscitation with balanced electrolyte solution prevents
hyperchloremic metabolic acidosis in patients with diabetic ketoacidosis. Am J Emerg Med. 2011, 29:670-4.
10.1016/j.ajem.2010.02.004

97. Self WH, Evans CS, Jenkins CA, et al.: Clinical effects of balanced crystalloids vs saline in adults with
diabetic ketoacidosis: a subgroup analysis of cluster randomized clinical trials. JAMA Netw Open. 2020,
3:e2024596. 10.1001/jamanetworkopen.2020.24596

98. Van Zyl DG, Rheeder P, Delport E: Fluid management in diabetic-acidosis--Ringer's lactate versus normal
saline: a randomized controlled trial. QJM. 2012, 105:337-43. 10.1093/qjmed/hcr226

99. Oh MS, Carroll HJ, Goldstein DA, Fein IA: Hyperchloremic acidosis during the recovery phase of diabetic
ketosis. Ann Intern Med. 1978, 89:925-7. 10.7326/0003-4819-89-6-925

100. Oh MS, Carroll HJ, Uribarri J: Mechanism of normochloremic and hyperchloremic acidosis in diabetic
ketoacidosis. Nephron. 1990, 54:1-6. 10.1159/000185800

101. Adrogué HJ, Wilson H, Boyd AE 3rd, Suki WN, Eknoyan G: Plasma acid-base patterns in diabetic
ketoacidosis. N Engl J Med. 1982, 307:1603-10. 10.1056/NEJM198212233072603

102. Cohen RD, Simpson R: Lactate metabolism. Anesthesiology. 1975, 43:661-73. 10.1097/00000542-
197512000-00013

103. Bhat JA, Masoodi SR, Bhat MH, Bhat H, Ahmad PO, Sood M: Lactic acidosis in diabetic ketoacidosis: a
marker of severity or alternate substrate for metabolism. Indian J Endocrinol Metab. 2021, 25:59-66.
10.4103/ijem.IJEM_753_20

104. Othman MM, Ismael AZ, Hammouda GE: The impact of timing of maximal crystalloid hydration on early
graft function during kidney transplantation. Anesth Analg. 2010, 110:1440-6.
10.1213/ANE.0b013e3181d82ca8

105. Carlier M, Squifflet JP, Pirson Y, Decocq L, Gribomont B, Alexandre GP: Confirmation of the crucial role of
the recipient’s maximal hydration on early diuresis of the human cadaver renal allograft. Transplantation.
1983, 36:455.

106. O’Malley CMN, Frumento RJ, Bennett-Guerrero E: Intravenous fluid therapy in renal transplant recipients:
results of a US survey. Transplant Proc. 2002, 34:3142-5. 10.1016/s0041-1345(02)03593-5

107. Weinberg L, Harris L, Bellomo R, et al.: Effects of intraoperative and early postoperative normal saline or
Plasma-Lyte 148® on hyperkalaemia in deceased donor renal transplantation: a double-blind randomized
trial. Br J Anaesth. 2017, 119:606-15. 10.1093/bja/aex163

108. Kim SY, Huh KH, Lee JR, Kim SH, Jeong SH, Choi YS: Comparison of the effects of normal saline versus
Plasmalyte on acid-base balance during living donor kidney transplantation using the Stewart and base
excess methods. Transplant Proc. 2013, 45:2191-6. 10.1016/j.transproceed.2013.02.124

109. Kolodzie K, Cakmakkaya OS, Boparai ES, et al.: Perioperative normal saline administration and delayed graft
function in patients undergoing kidney transplantation: a retrospective cohort study. Anesthesiology. 2021,
135:621-32. 10.1097/ALN.0000000000003887

110. Nesseler N, Rached A, Ross JT, et al.: Association between perioperative normal saline and delayed graft
function in deceased-donor kidney transplantation: a retrospective observational study. Can J Anaesth.
2020, 67:421-9. 10.1007/s12630-020-01577-9

111. Saini V, Samra T, Naik B N, et al.: Normal saline versus balanced crystalloids in renal transplant surgery: a
double-blind randomized controlled study. Cureus. 2021, 13:e18247. 10.7759/cureus.18247

2023 Panchal et al. Cureus 15(5): e39411. DOI 10.7759/cureus.39411 10 of 11

https://dx.doi.org/10.1111/jog.14622
https://dx.doi.org/10.1016/j.wneu.2012.09.024
https://dx.doi.org/10.1016/j.wneu.2012.09.024
https://dx.doi.org/10.1007/s00405-015-3870-8
https://dx.doi.org/10.1007/s00405-015-3870-8
https://dx.doi.org/10.1111/1754-9485.13002
https://dx.doi.org/10.1111/1754-9485.13002
https://dx.doi.org/10.1016/j.crad.2015.06.081
https://dx.doi.org/10.1016/j.crad.2015.06.081
https://dx.doi.org/10.12659/MSM.932804
https://dx.doi.org/10.12659/MSM.932804
https://dx.doi.org/10.1007/s00540-013-1683-8
https://dx.doi.org/10.1007/s00540-013-1683-8
https://dx.doi.org/10.1136/rapm-2020-101922
https://dx.doi.org/10.1136/rapm-2020-101922
https://www.ncbi.nlm.nih.gov/sites/books/NBK279052/
https://dx.doi.org/10.1093/qjmed/hch132
https://dx.doi.org/10.1093/qjmed/hch132
https://dx.doi.org/10.1097/00008480-200206000-00001
https://dx.doi.org/10.1097/00008480-200206000-00001
https://dx.doi.org/10.1177/0018578718757517
https://dx.doi.org/10.1177/0018578718757517
https://dx.doi.org/10.1016/j.jcrc.2012.01.007
https://dx.doi.org/10.1016/j.jcrc.2012.01.007
https://dx.doi.org/10.1016/j.ajem.2010.02.004
https://dx.doi.org/10.1016/j.ajem.2010.02.004
https://dx.doi.org/10.1001/jamanetworkopen.2020.24596
https://dx.doi.org/10.1001/jamanetworkopen.2020.24596
https://dx.doi.org/10.1093/qjmed/hcr226
https://dx.doi.org/10.1093/qjmed/hcr226
https://dx.doi.org/10.7326/0003-4819-89-6-925
https://dx.doi.org/10.7326/0003-4819-89-6-925
https://dx.doi.org/10.1159/000185800
https://dx.doi.org/10.1159/000185800
https://dx.doi.org/10.1056/NEJM198212233072603
https://dx.doi.org/10.1056/NEJM198212233072603
https://dx.doi.org/10.1097/00000542-197512000-00013
https://dx.doi.org/10.1097/00000542-197512000-00013
https://dx.doi.org/10.4103/ijem.IJEM_753_20
https://dx.doi.org/10.4103/ijem.IJEM_753_20
https://dx.doi.org/10.1213/ANE.0b013e3181d82ca8
https://dx.doi.org/10.1213/ANE.0b013e3181d82ca8
https://journals.lww.com/transplantjournal/Citation/1983/10000/Confirmation_of_the_Crucial_Role_of_the.21.aspx
https://dx.doi.org/10.1016/s0041-1345(02)03593-5
https://dx.doi.org/10.1016/s0041-1345(02)03593-5
https://dx.doi.org/10.1093/bja/aex163
https://dx.doi.org/10.1093/bja/aex163
https://dx.doi.org/10.1016/j.transproceed.2013.02.124
https://dx.doi.org/10.1016/j.transproceed.2013.02.124
https://dx.doi.org/10.1097/ALN.0000000000003887
https://dx.doi.org/10.1097/ALN.0000000000003887
https://dx.doi.org/10.1007/s12630-020-01577-9
https://dx.doi.org/10.1007/s12630-020-01577-9
https://dx.doi.org/10.7759/cureus.18247
https://dx.doi.org/10.7759/cureus.18247


112. Hadimioglu N, Saadawy I, Saglam T, Ertug Z, Dinckan A: The effect of different crystalloid solutions on acid-
base balance and early kidney function after kidney transplantation. Anesth Analg. 2008, 107:264-9.
10.1213/ane.0b013e3181732d64

113. Modi MP, Vora KS, Parikh GP, Shah VR: A comparative study of impact of infusion of Ringer’s Lactate
solution versus normal saline on acid-base balance and serum electrolytes during live related renal
transplantation. Saudi J Kidney Dis Transpl. 2012, 23:135-7.

2023 Panchal et al. Cureus 15(5): e39411. DOI 10.7759/cureus.39411 11 of 11

https://dx.doi.org/10.1213/ane.0b013e3181732d64
https://dx.doi.org/10.1213/ane.0b013e3181732d64
https://journals.lww.com/sjkd/Fulltext/2012/23010/A_Comparative_Study_of_Impact_of_Infusion_of.28.aspx

	Crystalloid Solutions in Hospital: A Review of Existing Literature
	Abstract
	Introduction And Background
	Review
	Types of intravenous fluids
	TABLE 1: Types of intravenous fluids according to tonicity

	Importance of isotonic fluids over others
	Normal saline
	Ringer's lactate
	Plasma-lyte
	Clinical implications/fluids of choice for resuscitation/clinical scenarios

	Conclusions
	Additional Information
	Disclosures

	References


