Isotonic saline, balanced fluids and chloride toxicity in ICU: lessons from the PLUS trial. 
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The potential harmful effects of isotonic saline overuse during fluid infusion have been evocated for more than 100 years1 but poorly investigated until the end of 90’s2. In recent human experimental models, infusion of isotonic chloride significantly impairs renal perfusion by direct vasoconstriction as compared to isotonic balanced crystalloids, which could lead to acute kidney injury (AKI)3,4. In hospital, AKI is frequent, ranging from 10 to 20% of all patients to about 50% in Intensive Care Unit (ICU). It is also a severe syndrome, with an associated-mortality rate close to 50 % at one year5,6. The AKI rates can be prevented by two ways. First, a rapid control of main AKI causes such as sepsis, shock, hypovolemia, low cardiac output, surgery duration, urinary tract obstruction helps to early AKI resolution and prognosis improvement. Second and concomitantly, limiting the use of drugs that potentially impair renal function is also necessary. In 2 large retrospective studies, the limitation of isotonic saline use and a subsequent shift to balanced solutions has been associated with a significant reduction of AKI incidence and mortality7-9. These findings have been further investigated by several randomized controlled trials (RCT). 
In 2015, the SPLIT trial compared Plama-Lyte 148 to isotonic saline in a population of surgical patients (n = 2278), with low severity (mean SAPS 2 score in both groups = 14.1)10. This trial did not show any difference for the risk of AKI (Primary outcome) or secondary classical outcomes (28-day and hospital mortality, use of renal replacement therapy). In this study, patients received a mean fluid volume of 1,700 mL during the first 24 hours after inclusion. In the 24 hours prior to inclusion, 60% of included patients in both groups received about 1,000 mL of balanced fluid. The chloride concentration was not reported. 
In 2018, the SMART trial included 15,802 medical and surgical ICU patients and compared prognosis according to the use of balanced fluids (lactated Ringer’s or Plasma-Lyte A solutions) vs isotonic saline for fluid administration. This large pragmatic, cluster-randomized, multiple-crossover trial conducted in 5 ICUs of an academic center showed a significant reduction of Major Adverse Kidney Event (the composite of death, need of renal replacement therapy or worsened kidney function) within 30 days (MAKE-30, primary outcome) in the balanced-solutions group11. Even significant, the difference was modest as the use of balanced solutions rather than isotonic saline only prevented 1 ICU patient among 94 from new renal-replacement therapy or persistent renal dysfunction or death at day 3011. A secondary analysis of SMART trial results showed that the use of balanced crystalloids was associated with significant lower mortality12. In SMART trial, the median infused volume from day 1 to 3 was 1,000 mL 0 – 2,900 mL and the mean infused volume was 1,900 ml (+/- 2,800 mL) in both groups. In the balanced-crystalloids group, fewer patients had a measured plasma chloride concentration greater than 110 mmol per liter as compared to saline group (24.5% vs. 35.6%, p < 0.001). The incidence of severe acidosis (plasma bicarbonate concentration < 20 mmol/L) was also significantly reduced in the balanced group. The same research group published at the same time a similar randomized study (SALT-ED trial) in a less-severe emergency department population (n = 13,347). This trial did not show any difference in hospital free-days (primary outcome) between the 2 types of fluids, but the use of balanced crystalloids was associated with a significant reduction of MAKE-30 (secondary outcome)13. 
In 2021, the BaSICS trial compared the 2 types of fluids in 10,520 analyzed ICU patients, in whom 48% were included after planned surgery14. Both groups received a median fluid volume of 1,500 mL in the first 24 hours after inclusion. The 90-days mortality (primary outcome) was not statistically different and no difference in renal function was reported (secondary outcome). The only significant result was a mortality increase with balanced fluids in the subgroup of traumatic brain injury14. 
The PLUS trial has just been published on January 2022 in the New England Journal of Medicine (NEJM)15. This trial initially planned to include 8,800 patients (From 53 Australian and New Zealand ICU’s) to detect an absolute difference of 2.9 % in 90-day all-cause mortality from an estimated baseline mortality of 23%, with a 90% power. Patients were assigned to receive either Plasma Lyte 148 or isotonic saline. Because of COVID 19 pandemic, study recruitment was stopped in December 2020 and a new sample calculation showed that 5,000 analyzed patients were needed to show a mortality difference of 3.8%, with a 90 % power, on the basis of the same baseline mortality. The trial included 5,037 patients and 4,844 were finally analyzed for the primary outcome (45 % surgical patients). The median APACHE 2 score was 19 in the 2 groups. In both groups, 55% of patients of saline group received at least 500 mL of balanced solution in the 24 hours before inclusion and conversely for the balanced group. During the first 24 hours after randomization, patients received a mean fluid volume of about 1,500 mL in both groups. 
At inclusion, in both groups, serum chloride was slightly elevated, 105.5 (+/- 6) mmol/L and similar in both groups. In the days following randomization, in the saline group, pH was significantly lower from day 1 to day 4 while chloride concentration was significantly higher from day 2 to day 7 (maximal value 108 mmol/l, absolute difference between the 2 groups = 1.99 (1.76 to 2.21)). This was consistent with results of SMART trial. However, in contrast with SMART trial results, no patient reached a serum chloride level of 110 mmol/l. 
As a main result, no difference in 90 days mortality rate (primary objective) was observed between the 2 groups. The mortality rate was consistent with the study hypothesis: 21.8% in balanced group and 22% in saline group. Moreover, no difference was observed for new renal-replacement therapy or maximal increase in serum creatinine level (secondary objectives). The median fluid volume administered in the first 24 hours was about 1,500 mL in both group with no statistical difference. 
The PLUS trial results are in accordance with those of SPLIT10 and BaSICS trials14, that do not suggest a difference between the 2 types of fluids. They are inconsistent with those of SMART and SALT-ED trials that suggests a slight but significant higher AKI-associated risk with saline use11,13. These discrepancies can probably be explained by the different numbers of needed subjects (higher in SMART and SALT-ED trials) and different primary endpoints: 90 days mortality in PLUS and BaSICS, trials AKI stage 2 risk for SPLIT trial, MAKE-30 for SMART trial, Hospital free-days for SALT-ED trial. It could be hypothesized that a composite score as MAKE 30 could be a better way to detect AKI risk than mortality or need for renal replacement therapy. This point needs to be clarified in future trials. Moreover, the deleterious renal effects observed in SMART trial can also be associated with higher proportion of patients with a serum chloride concentration > 110 mmol/L, which has not been reported in other trials. This suggests a potential prognosis value of serum chloride concentration, easily available at bedside. 
Interestingly, the authors of PLUS trial performed a meta-analysis published in NEJM evidence, a new journal added to the NEJM group in 202216,17. This study analyzed data from 6 RCTs and concluded that the use of balanced crystalloids seems to be associated with a maximal mortality decrease of 9 % in ICU patients17. 
Finally, there is a common point in PLUS, BaSICS, SMART, SALT-Ed and SPLIT trials: the total median fluid infused volume during the first 24 hours ranges from 1,000 to 2,000 mL. A pragmatic message could be that, for such infused volume, the risk of poor outcome with saline use is either absent or low. Conversely, the use of larger saline volume seems hazardous. Furthermore, while there are trials showing benefits to using balanced fluids, there are no studies showing a benefit for using saline, at best it is equivalent.
To settle this question definitively, it will probably be necessary in the future to envisage more "physiological" studies, where the fluids will be chosen according to the patient's ionogram and more specifically his chloremia. Another solution could also be to use bicarbonate fluids, such as renal replacement fluids, which are even more physiological than balanced ones, but manufacturers would have to be able to produce them in smaller (currently 5 liters) and less expensive containers.
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