
Supplementary appendix
This appendix formed part of the original submission and has been peer reviewed. 
We post it as supplied by the authors. 

Supplement to: Levin M, Cunnington AJ, Wilson C, et al. Effects of saline or albumin fluid 
bolus in resuscitation: evidence from re-analysis of the FEAST trial. Lancet Respir Med 
2019; published online June 10. http://dx.doi.org/10.1016/S2213-2600(19)30114-6.



1 
	

Web appendix: Adverse effects of saline or albumin fluid bolus in resuscitation: Evidence from 
re-analysis of the FEAST trial 
 
Table of Contents 
	
List of Investigators	................................................................................................................	3	
Detailed methods	....................................................................................................................	3	

Relationship to the FEAST trial and analysis plan	.........................................................	3	
Assessment of changes in physiology and blood parameters	..........................................	3	

Developing a composite measure for cardiovascular function	........................................	3	
Developing a composite measure for respiratory function	..............................................	5	
Developing a composite measure for raised intracranial pressure and neurological 
status	................................................................................................................................	5	

Clustering algorithm	..........................................................................................................	6	
Principal component analysis	............................................................................................	6	
Evaluation of the effect of bolus-induced changes in blood parameters on survival	....	7	
Cox proportional hazards regression modelling	..............................................................	8	

Covariate set 1	.................................................................................................................	8	
Covariate set 2	.................................................................................................................	8	
Covariate set 3	.................................................................................................................	8	
Covariate set 4	.................................................................................................................	8	

Web extra Figures	..................................................................................................................	9	
Web extra Figure 1. Physiological scores associated with aetiology and severity of 
illness across cohorts and sequential changes over time in FEAST	...............................	9	
Web extra Figure 2. Change in physiological scores from baseline to 4 hours.	..........	10	
Web extra Figure 3. Distribution of physiological scores and blood parameters at first 
observation after randomization in FEAST.	..................................................................	11	
Web extra Figure 4. Distribution of physiological scores at 4 hours in FEAST.	........	12	
Web extra Figure 5. Distribution of physiological scores and blood parameters 
associated with volume of fluid bolus administered in FEAST.	...................................	13	
Web extra Figure 6. Changes from baseline to next observation for physiological 
scores and blood measures according to volume of fluid bolus received in FEAST.	..	14	
Web extra Figure 7. Hyperchloraemic acidosis in FEAST.	..........................................	15	
Web extra Figure 8. Biochemical measurements in clusters within FEAST.	..............	17	
Web extra Figure 9. Principle component plot using physiological scores and blood 
parameters.	.......................................................................................................................	18	
Web extra Figure 10. Imputation of blood parameters based on relationships between 
baseline and 24 hour values.	............................................................................................	19	



2 
	

Web extra Figure 11. Relationship between baseline values and change at 24 hours 
for biochemical parameters.	............................................................................................	20	

Web extra Tables	..................................................................................................................	21	
Web extra Table 1. Numbers (%) of surviving subjects at each time point in FEAST 
Stratum A	with available data for each variable.	..........................................................	21	
Web extra Table 2. Associations between physiological scores and outcome* in 
FEAST and 4 other cohorts.	............................................................................................	22	
Web extra Table 3. Changes in physiological scores and blood parameters associated 
with albumin bolus or saline bolus in FEAST.	..............................................................	23	
Web extra Table 4. Association between changes in variables and risk of death in 
clusters within FEAST.	....................................................................................................	24	
Web extra Table 5. Changes in physiological scores and blood parameters associated 
with fluid bolus in FEAST Cluster 1.	..............................................................................	25	
Web extra Table 6. Changes in physiological scores and blood parameters associated 
with fluid bolus in FEAST Cluster 2.	..............................................................................	26	
Web extra Table 7. Changes in physiological scores and blood parameters associated 
with fluid bolus in FEAST Cluster 3.	..............................................................................	27	
Web extra Table 8. Studies evaluating the effects of unbalanced salt solutions on 
blood acid-base balance and chloride	.............................................................................	28	
Web extra Table 9. Cox proportional hazard regression models for time of death.	..	32	

References	.............................................................................................................................	33	
 
  



3 
	

 
List of Investigators 
Michael Levin, Aubrey J. Cunnington, Clare Wilson, Simon Nadel, Hans Joerg Lang, Nelly Ninnis, Mignon 
McCulloch, Andrew Argent, Heloise Buys, Christopher A. Moxon, Abigail Best, Ruud G. Nijman, and Clive J. 
Hoggart 
 
Detailed methods 
 
Relationship to the FEAST trial and analysis plan 
The present study was not planned as a pre-specified analysis of the FEAST trial. The present study represents a 
hypothesis-based reanalysis of the trial data. The primary hypothesis was that bolus fluids produce measurable 
changes in cardiovascular function, respiratory function, raised intracranial pressure or neurological function, 
oxygen carrying capacity, biochemical and acid-base status. The secondary hypothesis was that if these changes 
are detectable, they can explain the excess mortality associated with bolus fluid in the FEAST trial. To evaluate 
both of these hypotheses, multiple analyses (detailed below) were performed in order to justify the methodological 
approaches for detection of the changes in organ system function and to assess whether any effects attributed to 
bolus were consistent with expected relationships with the volume of bolus-fluids received, known mechanisms 
of acid-base derangement, and between subgroups of patients.     
 
Assessment of changes in physiology and blood parameters 
FEAST collected data on respiratory rate, pulse rate, blood pressure, capillary refill time and level of 
consciousness sequentially throughout the trial at baseline, 1, 4, 8, 24 and 48 hours1. Haemoglobin and lactate 
concentrations were measured at baseline, 8 and 24 hours.1 Plasma chemistry and acid-base balance were 
measured at baseline and 24 hours.1  
Our first challenge in attempting to establish the mechanisms by which fluid increased mortality in FEAST was 
to identify a methodology for detecting changes in each organ system in bolus recipients using the data available 
from the trial.   
There are currently no “gold standard” methods to quantify respiratory function, neurological function or 
cardiovascular function in critically ill children based on clinical features, although multiple international 
guidelines indicate that respiratory rate, pulse rate, blood pressure, capillary refill time and level of consciousness 
should be used to guide management. We postulated that combinations of these variables would provide objective 
and quantitative indicators of respiratory, neurological and cardiac function, in a similar manner to which 
experienced clinicians subconsciously assimilate them each time they assess a seriously ill patient. As blood 
pressure, heart rate, and respiratory rate vary greatly in children of different age, we adjusted for age by calculating 
the deviation from the age-related mean values for healthy children. Mean values for heart rate and respiratory 
rate and blood pressure were derived from published tables.2, 3  
We note that the intended purpose of each score was to enable comparison of changes in organ function between 
the bolus and no bolus arms of the randomised controlled trial, and to compare physiological derangement between 
different studies. Recognising that there is no absolute measure against which to calibrate each score, the 
weightings of oxygen saturation, coma score and capillary refill time were chosen to reflect the clinical importance 
of each component of the score. We acknowledge that different weightings might enable better prediction of 
outcome in individual studies, however our aim was to develop an objective tool for comparison between arms 
and studies, and not to develop a new predictor of outcome.  
Heart rate and blood pressure deviations from the age-related means were considered to have different 
implications for cardiovascular and neurological status, since low blood pressure and high heart rate are features 
of circulatory failure whilst rising blood pressure and falling heart rate are features of raised intracranial pressure. 
Thus only physiologically adverse deviations contributed to each score, and otherwise the difference was set to 
zero as explained for each score below. 
 
Developing a composite measure for cardiovascular function 
Measurement of cardiac function is routinely undertaken using echocardiography or thermodilution catheter in an 
intensive care setting.  However these methods were not available in FEAST. Furthermore, shock is defined as a 
life-threatening, generalized form of acute circulatory failure associated with inadequate oxygen utilization by the 
cells; a state in which the circulation is unable to deliver sufficient oxygen to meet the demands of the tissues 
resulting in cellular dysfunction.4 Therefore it is not solely defined by or dependent on cardiac output. Remarkably 
neither adult nor paediatric guidelines for clinical recognition of shock have an objective quantification of the 
severity of shock (see table below). In some guidance more severe cases are recognized by being refractory to 
fluid volume expansion5 thus defining severity by the very intervention shown to be associated with increased 
mortality in FEAST. Clinical recognition of shock is based not only on markers of cardiac output (such as heart 
rate and blood pressure) but on evidence of impaired perfusion of tissues and organs, such as change in mentation, 
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oliguria or rising blood lactate.4, 5 Furthermore FEAST included a large proportion of patients with presumed 
cerebral malaria and meningitis1, 6 so changes in mentation may not only be caused by impaired cardiovascular 
function or perfusion but by the underlying disease process. Furthermore, changes in urine output were not 
recorded as this is difficult without indwelling catheters. Lactate, which is the most commonly used marker of 
tissue under perfusion in most shock algorithms, was also found to be unreliable in the African setting because 
we found it was closely correlated with the level of haemoglobin and thus more a reflection of anaemia than 
cardiovascular perfusion. 
 
Criteria for clinical recognition of shock (modified from Houston et al.7) 

Guideline Clinical criteria Age group 
Advanced Paediatric Life 
Support (APLS)8  

 

Compensated: normal blood pressure (BP), but capillary refill time (CRT) >2 s, 
mottled peripheries, peripheral cyanosis 
Decompensated: as above but with hypotension, decreased mental status 

Paediatric 

American Academy of 
Critical Care Medicine – 
Paediatric Advanced Life 
Support (ACCM-PALS)9 

Septic shock: Suspected infection (hypo- or hyperthermia) and clinical signs of 
inadequate perfusion including any of: decreased or altered mental status; CRT >2 s 
(cold shock) or flash CRT (warm shock), diminished (cold shock) or bounding (warm 
shock) peripheral pulses, mottled cool extremities (cold shock), or decreased urine 
output (<1 ml/kg/hr) 

Paediatric 

World Health Organization 
(WHO)10  

Shock: cold hands, capillary refill time longer than 3 s, high heart rate with weak pulse, 
and low or unmeasurable blood pressure 

Paediatric 

Fluid Expansion As A 
Supportive Therapy 
(FEAST) study1 

 

History of fever and temperature ≥37·.5 °C or <36·.0 °C and impaired consciousness 
(prostration or coma) and/or respiratory distress 
Stratum A (impaired perfusion) Plus ≥1 of: CRT >2 s; lower limb temperature gradient; 
weak pulse; tachycardia (defined) 
Stratum B (decompensated shock): Systolic BP <50 mmHg if < 12 months old; <60 
mmHg if 1–5 years old; <70 mmHg if > 5 years old  

Paediatric 

International pediatric sepsis 
consensus conference 
definitions11 

Sepsis: SIRS (2 of 4 of: core temp > 38·5 or < 36 °C; tachycardia or bradycardia if 
<1yr; tachypnea; elevated or depressed leukocyte count) in the presence of or as a 
result of suspected or proven infection  
Septic shock: Sepsis and cardiovascular organ dysfunction  

Paediatric 

Sepsis 312 Sepsis: life-threatening organ dysfunction caused by a dysregulated host response to 
infection. Organ dysfunction defined as an increase in the SOFA score of 2 points or 
more 
Septic shock: Sepsis and both persistent hypotension requiring vasopressors and lactate 
³2 mmol/L despite adequate volume resuscitation 

Adult 

Sepsis 213 Sepsis: suspected or documented infection with change to some of the following: 
General variables; inflammatory variables; haemodynamic variables; organ dysfunction 
variables ; tissue perfusion variables. 
Severe sepsis: sepsis complicated by organ dysfunction 
Septic shock: persistent arterial hypotension unexplained by other cause  

Adult 

 
These clinical indicators of cardiovascular system dysfunction are rarely synthesised into quantitative measures 
which would allow comparison of organ function between individuals or sequentially over time. The widely used 
shock-index was devised based on the logical but arbitrary belief that heart rate divided by systolic blood pressure 
should provide a better indicator of cardiovascular status than either alone,14 but was not empirically derived based 
on data. For application to children it has required modifications to account for age-related variation in normal 
values,15 and it does not include any measure of perfusion.   
We concluded there was no optimal or accepted method for quantifying differences in shock or cardiovascular 
function between the bolus and no bolus arms of FEAST, and that we needed to develop novel methods that could 
be used to identify the effect of bolus on shock /cardiovascular function (as well as for each of the other organ 
systems, described below) using the available data. 
We reasoned that an overall assessment of cardiovascular function could be made by combining heart rate and 
blood pressure with capillary refill time, which is a well-established marker of perfusion, as all three variables 
were recorded sequentially in FEAST. Heart rate rises while blood pressure falls as shock evolves, so heart rate 
and blood pressure can be combined as markers of cardiac function by converting them to the same direction of 
effect. As all vital signs are age related we also adjusted blood pressure and heart rate to detect a rise in heart rate 
above the mean normal for age and a fall in blood pressure below the mean normal for age. As capillary refill time 
is typically in the range of 0 to 5 seconds, while heart rate and blood pressure extend over much larger numerical 
ranges, we weighted capillary refill time so that it could make an approximately equal contribution to an overall 
score for cardiovascular function.   
The conventional method for assigning weightings in predictive scores is to derive the weightings from the 
associations between the data and the outcome of interest, and then test the assigned weightings on an independent 
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and external data set. However, as we were aiming to characterise the changes in organ system function induced 
by bolus fluids, rather than aiming to identify the best predictor of outcome (death in the case of FEAST), there 
was no gold standard outcome against which to evaluate the weightings of each variable. The clinical definitions 
of shock listed above include a range of variables, but provide no method for quantifying the severity of 
derangement. We concluded that empiric assignment of weighting for capillary refill time to enable a contribution 
equivalent to that of blood pressure and pulse rate was appropriate. Further evidence on the utility of the score 
could be gained by comparison of the composite score between cohorts, and evaluation of the weightings can be 
achieved in modelling the effect of each variable in survival models (see below).  The composite score we used 
was: 
 
Composite cardiovascular score 
 
Cardiovascular score = (heart rate - mean heart rate for age) + (mean blood pressure for age – blood pressure) + 
25(capillary refill time) 
 
If the heart rate was less than the mean heart rate for age, the term (heart rate - mean heart rate for age) was set to 
zero, so that only increased heart rates contributed to the score. If the blood pressure was greater than the mean 
blood pressure for age, the term (mean blood pressure for age - blood pressure) was set to zero, so that only 
decreased blood pressure contributed to the score. 
 
Developing a composite measure for respiratory function 
Assessment of respiratory function is often achieved by assessment of the adequacy of oxygenation (comparing 
the ratio of inspired oxygen to arterial oxygen in ventilated patients) and of	carbon dioxide excretion. However, 
accurate evaluation of respiratory function is more difficult in patients who are not mechanically ventilated as 
widely differing oxygen concentrations are delivered when using face mask or nasal cannula. Clinical assessment 
of respiratory function in settings other than intensive care units is generally undertaken by observing the rate of 
breathing, respiratory effort and the depth of breathing and by pulse oximetry. Depth of breathing and respiratory 
effort are highly subjective and difficult to quantify but respiratory rate and pulse oximetry are reliably measured 
and were recorded sequentially during the first 48 hours of the FEAST trial.  We reasoned that an overall 
assessment of respiratory function could be made by combining in a composite score, respiratory rate (which rises 
as respiratory function is compromised) with oxygen saturation (which declines) by converting them to the same 
direction of effect. As oxygen saturation declines over a more limited range than the changes in respiratory rate 
and as there may be more clinical significance to a declining oxygen saturation, we weighted contribution of 
declining oxygen saturation in a combined score.  
 
Composite respiratory score 
 
Respiratory score = (respiratory rate - mean respiratory rate for age) + 5(100 - oxygen saturation)  
 
If the respiratory rate was less than the mean respiratory rate for age, the term (respiratory rate - mean respiratory 
rate for age) was set to zero, so that only increased respiratory rates contributed to the score. 
 
Developing a composite measure for raised intracranial pressure and neurological status  	
How to detect raised intracranial pressure (ICP) is the most difficult challenge in evaluating the possible 
mechanisms for increased death in bolus recipients. The only reliable method for detecting raised intracranial 
pressure is by directly inserted intracranial pressure transducer, and there is no established method to detect or 
monitor raised ICP outside an intensive care setting16. Detection of raised ICP using MRI or CT scan is notoriously 
unreliable unless the changes are extremely severe. In practice, suspicion of raised intracranial pressure is raised 
clinically in patients who have declining levels of consciousness and who also show evidence of brainstem 
compression of centers controlling respiration, blood pressure and heart rate. Patients who show paradoxical 
bradycardia, rising blood pressure and declining consciousness or abnormal respiratory patterns (components of 
Cushing’s triad17-19) are considered to have features of raised intracranial pressure and generally managed in 
intensive care units with intracranial monitoring and brain imaging. We postulated that the same clinical variables 
used by clinicians to detect raised intracranial pressure clinically could be combined in a single score combining 
rising blood pressure, falling heart rate and declining consciousness. As with the cardiovascular score, we 
converted the rising blood pressure and falling heart rate to the same direction of effect, and normalized rising 
blood pressure and falling heart rate using age-related means. As coma was measured by the AVPU (awake (A), 
response to voice (V), response to pain (P), unresponsive (U)) scale over a much smaller range than blood pressure 
and heart rate we weighted its contribution in order to capture its contribution to the overall score.   
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FEAST utilised two different coma scores,1 at baseline the Blantyre Coma Score20 was recorded which summates 
three measures of responsiveness: motor (able to localize=2, withdraws from pain=1; unresponsive=0), eye 
movement (follows=1; unresponsive=0), and voice (appropriate response=2, inappropriate or groaning=1, 
unresponsive=0), giving a total score from 0 to 5 which decreases with severity. At later time points the AVPU 
scale was used. In order to contribute to neurological score the AVPU categories were given numerical values 
A=0, V=1, P=2, U=3. In order to enable comparison of baseline with later time points we converted baseline 
Blantyre Coma Score to AVPU as follows: 
 

Blantyre Coma Score AVPU scale Numerical score 
5 A 0 
4 V 1 
3 V 1 
2 P 2 
1 U 3 
0 U 3 

 
We weighted the contribution of AVPU to reflect its expected importance as an indicator of impaired neurological 
function. 
 
Composite neurological score 
 
Neurological score = (blood pressure - mean blood pressure for age) + (mean heart rate for age – heart rate) + 25 
(AVPU score).  
 
If the blood pressure was lower than the mean blood pressure for age, the term (blood pressure - mean blood 
pressure for age) was set to zero, so that only increased blood pressure contributed to the score. If the heart rate 
was greater than the mean heart rate for age, the term (mean heart rate for age - heart rate) was set to zero, so that 
only decreased heart rates contributed to the score.  
 
Clustering algorithm 
Individuals were clustered using their physiological scores and haemoglobin and lactate measures at baseline. 
Treatment and outcome were not included in the clustering. Clustering was implemented using a Bayesian 
multivariate normal mixture of Dirichlet process (MDP) model as implemented in the R package PreMiuM.21,22 
In our implementation each cluster in the mixture is a multivariate normal distribution representing the distribution 
of the measures within the cluster. An advantage of a MDP model is that the number of clusters is unknown and 
inferred from the data and inference is made by sampling from the posterior distribution using Markov chain 
Monte Carlo (MCMC). PreMiuM calculates an optimum single clustering and assignment of individuals to the 
clusters from the posterior samples it simulates; firstly it calculates a similarity matrix between all pairs of 
individuals based on the posterior mean of the number of times each pair is assigned to the same cluster. 
Individuals are then robustly assigned to clusters in a way consistent with the similarity matrix for all possible 
number of clusters. The optimal number of clusters is determined by the partition which maximises the average 
silhouette width. We used the single optimal clusters and assignments in all subsequent analyses. The optimal 
number of clusters determined by the algorithm is driven by the prior distribution assigned to the within cluster 
covariance; the more prior weight assigned to larger variances the fewer the clusters as more variation is allowed 
within each cluster. The default settings of the program resulted in eight clusters, increasing the prior within cluster 
variance by a factor of ten relative to the default values resulted in three clusters which we deemed to be more 
interpretable and therefore used in subsequent analyses. 
 
Principal component analysis 
Principal component analysis (PCA) was performed on the matrix of respiratory, neurological and cardiovascular 
scores at one hour and baseline base excess, bicarbonate, chloride and haemoglobin in the no bolus group; in the 
bolus group, to account for changes in the blood parameters which were not measured at one hour, values were 
adjusted by the observed mean shifts at 24 hours in biochemical variables (base excess -1.41, bicarbonate -0.96, 
chloride +1.65) and at 8 hours for haemoglobin (-0.32). This represents a conservative estimate of the change in 
these variables in the bolus group at one hour. Data was standardized such that all covariates had mean zero and 
standard deviation of one before PCA. Only samples with complete measures for all seven covariates were used, 
n=1901. The principal component loadings are weights representing the contribution of each of the seven 
covariates to each principal component. The loadings V are calculated as follows: 
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 V = XT U D-1/2 
where V are the PC loadings, X is the data matrix, U is the matrix of PCs and D is the diagonal matrix of 
eigenvalues. 
 
Evaluation of the effect of bolus-induced changes in blood parameters on survival 
 
Evaluation of changes in plasma chemistry and acid-base balance due to bolus 
Acid-base balance and plasma chemistry were only measured on admission (before bolus fluids were 
administered) and again 24 hours later. We therefore had no data on the actual values for plasma chemistry and 
acid-base status in the early hours of the trial when most of the deaths were occurring. Furthermore by 24 hours, 
when the second measurement of plasma biochemistry was undertaken, the majority of deaths in the study had 
already occurred. Therefore we used two approaches to estimate the likely biochemical and acid-base status 
immediately after bolus-administration. First we used the difference in these parameters between surviving bolus 
and no bolus recipients at 24 hours to calculate a conservative estimate of the change in these parameters 
immediately after bolus administration. Second we used a literature-based estimate of the likely magnitude of 
change due to albumin or saline bolus.  
Supporting the first approach, as shown in webextra Figure 10, baseline levels of bicarbonate, chloride and base 
excess were highly correlated with the levels at 24 hours in surviving patients. However, as shown in webextra 
Figure 11, patients with more severe derangement of base excess, bicarbonate and chloride at baseline had a 
greater change between 0 and 24 hours than those with less derangement. We concluded that the linear 
interpolation of the earlier time points from the 24 hour data was likely to significantly under estimate the change 
at the earlier time point.	Examination of the 24 hour blood sample results (Table 1 in the main manuscript) showed 
clear evidence of worse hyperchloraemic acidosis in bolus recipients, who had significantly lower plasma 
bicarbonate and increased base excess and chloride as compared to the no bolus controls. As increased base excess 
was a strong predictor of death and those patients who went on to die had lower base excess and bicarbonate at 
baseline than survivors, the 24 hour values available were likely to significantly underestimate the extent of bolus-
induced acidosis due to the higher death rate in bolus recipients by 24 hours. 
 
In order to estimate the bolus-induced changes at early time points we first used linear interpolation to estimate 
the one hour value for base excess, chloride and bicarbonate based on the levels observed at baseline and 24 hours 
in the bolus and no bolus arms and a linear change in the levels from 1 to 24 hours:  
 
Imputation of base excess (be) at 1 hour 
 
be(1hr) = be(baseline) + slope + I(bolus) x ( be(24hrs, bolus arm) - be(24hrs, no bolus arm) ) 
where: 
slope = ( be(24hrs, no bolus arm) - be(baseline, no bolus arm) ) / 24 
I(bolus) = 1 for bolus sample and 0 otherwise 
 
Chloride and bicarbonate were imputed similarly.		
Haemoglobin was imputed using the values at 8 hours rather than 24 hours, in subjects who had not received 
blood transfusion. 
 
Because the first approach is likely to underestimate the effects of albumin and saline on biochemical and acid-
base status we also sought evidence from published studies to establish what changes should be expected at one 
hour after bolus. There is an extensive literature dating from the 1990s reporting hyperchloraemic acidosis 
occurring in recipients of normal saline or other high chloride containing solutions or comparing these solutions 
with buffered salt solutions (web extra Table 8). These studies include administration of crystalloids to healthy 
volunteers; administration of crystalloid solutions to patients undergoing a range of surgical conditions including 
both adults and children and ranging from gynaecological procedures, general surgical procedures, renal surgery 
and cardiac surgery; and studies in experimental animals. These studies establish that administration of normal 
saline and other high chloride containing fluids is invariably followed by hypochloraemic acidosis with a rise in 
chloride, decline in plasma bicarbonate and decrease in base excess occurring concurrently with the infusion and 
maximal immediately after the infusion. While the extensive literature has used a range of different infusion rates 
and volumes, those studies which have had comparable fluid volumes and rates to the 20-40 ml/kg infused during 
FEAST have shown decrease in base excess of approximately 5 mmol/l, a decline in bicarbonate of approximately 
5 mmol/l and an increase in chloride of approximately 10 mmol/l in recipients of high chloride containing fluids. 
We therefore concluded there is strong evidence from the literature and our own data that the changes we have 
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detected in bolus recipients at the 24 hour time points are a minimum estimate of a predictable change induced by 
saline and albumin at earlier time points.   
In order to provide a more realistic estimate based on the factors discussed above, we also estimated the 1 hour 
values for base excess, bicarbonate and chloride based on the reported changes after saline infusion in the many 
studies reported and summarised in web extra Table 8. We used the changes reported in those studies most 
similar to FEAST in the volume and timing of infusion.  
Thus the estimates used in our analysis to impute the change in parameters from baseline to1 hour were as 
follows: 
 

 
No bolus 

Data estimate in 
bolus recipients 

Literature estimate in 
bolus recipients 

Base excess mEq/L +0·217 -1·025 -5 
Chloride mmol/L +0·011 +1·577 +10 
Bicarbonate mmol/L +0·194 -0·66 -5 
Haemoglobin g/L +0.03 -0.339 NA 

(-0.339*) 
 
*The change in haemoglobin was derived only from data, and not from literature values, because measurements 
were available at 8 hours. 
 
Cox proportional hazards regression modelling 
To explore whether the changes induced by bolus at one hour could explain the adverse effect of bolus we built 
Cox proportional hazards survival models with the outcome as time of death. The baseline model contained only 
bolus as a covariate, covariates were added iteratively, and at each iteration the covariate with the smallest p-
value for association with time of death in the multivariate survival model was added, until all covariates were 
added. In addition to a model using baseline variables, four sets of explanatory covariates representing the one 
hour time point were considered. 
 
Covariate set 1 
The first set of covariates contained the three scores at 1 hour and imputed levels for base excess, chloride, 
bicarbonate and haemoglobin based on the levels observed at baseline and 24 hours in the bolus and no bolus 
arms and a linear change in the levels from 1 to 24 hours.  
 
Covariate set 2 
In this set of covariates we used the scores and haemoglobin estimate as in covariate set 1 and imputed levels for 
base excess, chloride and bicarbonate in the bolus arm based on estimates of the effects of bolus on these blood 
parameters derived from published articles. 
 
Estimates in the no bolus arm were the same as those used in covariate set 1. 
 
Covariate set 3 
The third set of covariates contained the individual components of the score and the imputed blood levels used 
in covariate set 1. The individual components of the score were respiratory rate above the norm for age, systolic 
blood pressure above and below the norm for age and heart rate above and below the norm for age. 
 
Covariate set 4 
Individual components of the score as used in covariate set 3 and the literature based estimates of the effects of 
bolus on the blood markers as used in covariate set 2. 
 
The above models were refit including bolus as an additional explanatory covariate to calculate the hazard ratio 
for bolus under each model. 
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Web extra Figures 
	

	
	
Web extra Figure 1. Physiological scores associated with aetiology and severity of illness across cohorts 
and sequential changes over time in FEAST 
Respiratory (A), neurological (B) and cardiovascular (C) scores in FEAST and 4 other cohorts (Men, UK 
Meningococcal cohort; ML, Malawian cerebral malaria cohort; SA, South African sepsis cohort; SMH, St 
Mary’s Hospital emergency department cohort). D-F show sequential changes in the FEAST cohort in 
respiratory (D), neurological score (E) and cardiovascular (F) scores at time points from admission baseline to 
48 hours. Survivors are shown in red, cases dying in the next time period are shown in blue. Boxes show median 
and IQR; whiskers extend up to 1·5-times IQR. P for two-sided Mann-Witney test, unadjusted for multiple 
comparisons. 
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Web extra Figure 2. Change in physiological scores from baseline to 4 hours.  
The proportion of individuals in FEAST with different magnitudes of change in physiological scores from baseline 
to four hours, compared between those randomized to no bolus (red bars) or bolus (blue bars). Negative values 
indicate decrease from the baseline, and positive values indicate increase from baseline. Values above bars show 
relative risk (95% CI) for comparison of proportions between bolus and no bolus groups. 
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Web extra Figure 3. Distribution of physiological scores and blood parameters at first observation after 
randomization in FEAST.  
Comparison of the proportion of individuals in FEAST with indicated values of physiological scores and blood 
measurements at the next observation after initiation of fluid bolus (blue) or no fluid bolus (red). A-C show 
physiological scores at 1 hour. D-F show biochemical measures at 24 hours. G and H show haemoglobin 
concentration at 8 hours in non-transfused (G) and transfused (H) subjects. Values above bars show relative risk 
(95% CI) for comparison of proportions between bolus and no bolus groups. 
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Web extra Figure 4. Distribution of physiological scores at 4 hours in FEAST. 
Comparison of physiological scores at 4 hours after initiation of fluid bolus (blue) or no fluid bolus (red). Values 
above bars show relative risk (95% CI) for comparison of proportions between bolus and no bolus groups. 
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Web extra Figure 5. Distribution of physiological scores and blood parameters associated with volume of 
fluid bolus administered in FEAST. 
The proportion of individuals in FEAST with indicated values of physiological scores and blood measurements 
at the next observation after completion of bolus fluids in all groups, in those who received high volume bolus ( 
≥30ml/kg, green bars), low volume bolus (<30ml/kg, blue bars), or no bolus (red bars). A-C show physiological 
scores at 4 hours after bolus initiation. D-F show biochemical measures 24 hours after bolus initiation. G-H show 
haemoglobin concentration 8 hours after bolus initiation in non-transfused (G) and transfused (H) subjects. Values 
above bars show relative risks (95% CI) for comparison of proportions between low volume or high volume bolus 
groups vs no bolus groups. 
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Web extra Figure 6. Changes from baseline to next observation for physiological scores and blood measures 
according to volume of fluid bolus received in FEAST. 
Comparison of the proportion of individuals in FEAST with different magnitudes of change in physiological 
scores and blood measurements according to whether they received high volume bolus (≥30ml/kg, green bars), 
low volume bolus (<30ml/kg, blue bars) or no bolus (red bars). A-C show changes in physiological scores between 
0 and 4 hours. D-F show changes in biochemical measures from baseline to 24 hours. G and H show change in 
haemoglobin from baseline to 8 hours in non-transfused (G) and transfused (H) subjects. The change from baseline 
is shown for each segment of the distribution. Negative values indicate decrease from the baseline, and positive 
values indicate increase from baseline. Values above bars show relative risks (95% CI) for comparison of 
proportions between low volume or high volume bolus groups vs. no bolus groups. 
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Web extra Figure 7. Hyperchloraemic acidosis in FEAST. 
A shows distribution of pH at baseline in FEAST subjects according to whether they were randomized to no 
fluid bolus (red bars) or fluid bolus (blue bars). B shows survival in FEAST by baseline pH (black line, pH 
≥7·35; red line pH <7·35; dotted lines 95% CI; Cox proportional hazards model with random effects for site; 
n=2082, 195 total events, p<0·0001). C shows proportion of individuals with indicated values of pH at 24 hours 
for no fluid bolus (red bars) or fluid bolus groups (blue bars). D shows correlation between chloride 
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concentration at 24 hours and pH at 24 hours shown by whether subjects were randomized to no fluid bolus (red 
dots and regression line, Pearson r=-0·28 (95% CI -0·38 to -0·17), p<0·0001) or fluid bolus (blue dots and 
regression line, Pearson r=-0·41 (95%CI -0·47 to -0·33), p<0.0001); p=0.05 for comparison of correlation 
coefficients using the z-test. E shows baseline respiratory rate and F the respiratory rate above mean for age. G-
H show the proportion of individuals with different magnitudes of change from baseline to one hour in oxygen 
saturation (G) and respiratory rate (H) according to whether they were randomized to no fluid bolus (red bars) or 
fluid bolus (blue bars). Values above bars show relative risks (95% CI) for comparison of proportions between 
bolus vs no bolus groups. 
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Web extra Figure 8. Biochemical measurements in clusters within FEAST. 
Comparison of the distributions of baseline biochemical measurements by cluster within FEAST. Boxes show 
median and IQR; whiskers extend up to 1·5-times IQR.  
  



18 
	

 
Web extra Figure 9. Principle component plot using physiological scores and blood parameters.		
Principal component (PC) analysis using the respiratory, neurological and cardiovascular scores at 1 hour after 
bolus, and conservative (data-derived) estimates of haemoglobin and biochemical values at 1 hour based on 
their values at 8 and 24 hours respectively (light red, no bolus, survivors; large dark red, no bolus, fatal cases; 
light blue, bolus, survivors; large dark blue, bolus, fatal cases). The principal component loadings (arrows) 
indicate the contributions of increasing values of each variable.	Analysis is based on 1898 subjects with 
complete data for physiological scores at 1 hour and baseline biochemical parameters. 
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Web extra Figure 10. Imputation of blood parameters based on relationships between baseline and 24 
hour values.	
Relationships between baseline values and those at next measurement for base excess, chloride and bicarbonate 
(all 24 hours) and haemoglobin (8 hours) (first column of panels). Distribution of blood parameter values in 
subjects who died and those who survived at baseline, imputed from data at 1 hour, and at next measurement 
(second column of panels; NB (red), no bolus; B (blue), bolus; boxes show median and IQR; whiskers extend up 
to 1·5-times IQR). Illustration of imputation of values in bolus group based on difference in values between 
baseline and next measurement in no bolus group, and difference between bolus and no bolus groups at the 
second measurement timepoint (third column of panels).  
  



20 
	

 
Web extra Figure 11. Relationship between baseline values and change at 24 hours for biochemical 
parameters.  
Relationships between values at baseline and change from baseline to 24 hours for blood base excess, 
bicarbonate and chloride. Blue, bolus recipients; red no bolus. 
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Web extra Tables  
 

Web extra Table 1. Numbers (%) of surviving subjects at each time point in FEAST Stratum A	
with available data for each variable. 
	

 Baseline 1 hour 4 hours 8 hours 24 hours 48 hours 

Surviving 3141 3102 3025 2974 2882 2844 

Systolic blood 
pressure 

3100 (99) 3037 (98) 2975 (98) 2923 (98) 2830 (98) 2772 (97) 

Capillary refill 
time 

3137 (100) 3078 (99) 3004 (99) 2950 (99) 2854 (99) 2787 (98) 

Conscious 
level 

3123 (99) 3069 (99) 2998 (99) 2943 (99) 2847 (99) 2776 (98) 

Oxygen 
saturation 

3038 (97) 3030 (98) 2979 (98) 2930 (99) 2834 (98) 2772 (97) 

Heart rate 3141 (100) 3077 (99) 3002 (99) 2950 (99) 2853 (99) 2786 (98) 

Respiratory 
rate 

3124 (99) 3056 (99) 2997 (99) 2945 (99) 2845 (99) 2778 (98) 

Respiratory 
score 

3022 (96) 3008 (97) 2974 (98) 2925 (98) 2826 (98) 2763 (97) 

Cardiovascular 
score 

3096 (99) 3037 (98) 2975 (98) 2923 (98) 2829 (98) 2772 (97) 

Neurological 
score 

3082 (98) 3028 (98) 2969 (98) 2917 (98) 2822 (98) 2762 (97) 

Hemoglobin 3054 (97) 0 (0) 0 (0) 2785 (94) 2744 (95) 0 (0) 

Base excess 2070 (66) 0 (0) 0 (0) 0 (0) 914 (32) 0 (0) 

Bicarbonate 2080 (66) 0 (0) 0 (0) 0 (0) 912 (32) 0 (0) 

Chloride 2067 (66) 0 (0) 0 (0) 0 (0) 909 (32) 0 (0) 
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Web extra Table 2. Associations between physiological scores and outcome* in FEAST and 4 
other cohorts.  
	

 

*Outcomes were defined as death in FEAST and the Meningococcal cohorts, death or neurological disability in the Malawian 

cohort, admission to intensive care in the South African cohort and admission to hospital or intensive care in the SMH 

emergency department cohorts. n, number of subjects with complete data available to calculate each score at baseline. 

  

Cohort n (% all 

subjects) 

Odds ratio for outcome per 10-unit 

increase in score 

95% CI P value 

Respiratory score 

FEAST 3037 (96) 1·09 (1·07, 1·11) <0·0001 

Malawi 357 (80) 1·04 (0·99, 1·1) 0·13 

South Africa 61 (100) 1·2 (0·97, 1·47) 0·089 

Meningococcal  363 (72) 1·32 (1·19, 1·45) <0·0001 

SMH 13934 (74) 1·6 (1·54, 1.66) <0·0001 

Neurology score 

FEAST 3096 (98) 1·26 (1·21, 1·31) <0·0001 

Malawi 411 (92) 1·24 (1·08, 1·43) 0·0030 

South Africa 61 (100) 1·6 (1·2, 2·14) 0·0010 

Meningococcal  399 (79) 1·04 (0·99, 1·09) 0·16 

SMH 2414 (13) 1·07 (0·97, 1·19) 0·16 

Cardiovascular score 

FEAST 3110 (98) 1·09 (1·05, 1·14) <0·0001 

Malawi 411 (92) 1·19 (1·1, 1·28) <0·0001 

South Africa 61 (100) 1·04 (0·88, 1·22) 0·66 

Meningococcal  333 (66) 1·08 (1·04, 1·12) <0·0001 

SMH  1509 (8) 1·3 (1·19, 1·42) <0·0001 
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Web extra Table 3. Changes in physiological scores and blood parameters associated with albumin bolus or saline bolus in FEAST. 
	

 Saline Albumin Albumin vs. saline 
n Effect size 95% CI p n Effect size 95% CI p p 

1 hour 
Respiratory score 970 2·73 -0·23, 5·68 0·071 976 4·18 1·23, 7·13 0·0056 0·34 

Neurological score 995 3·49 1·32, 5·67 0·0017 996 1·79 -0·39, 3·96 0·11 0·12 
Cardiovascular score 1003 -2·34 -0·49, -4·20 0·014 1003 -2.0 -0·15, -3·86 0·035 0·72 
4 hours 

Respiratory score 957 1·29 -1·02, 3·60 0·273 962 3·32 1·01, 5·63 0·0049 0·086 
Neurological score 975 1·92 -0·088, 3·93 0·061 975 0·19 -1·82, 2·20 0·85 0·092 

Cardiovascular score 982 -0·55 1·33, -2·44 0·56 981 -0·038 1·85, -1·92 0·97 0·59 
8 hours 

Respiratory score 937 0·16 -2.00, 2·33 0·88 943 3.0 0·83, 5·16 0·0068 0·011 
Neurological score 954 0·93 -0·94, 2·80 0·33 956 -0·29 1·58, -2·16 0·77 0·21 

Cardiovascular score 960 -0·40 1·47, -2·28 0·67 962 0·61 -1·27, 2·48 0·53 0·29 
Lactate mmol/L 895 -0.075 -0.32, 0.17 0.55 921 -0.16 -0.41, 0.081 0.19 0.48 

Haemoglobin g/dL 
(untransfused) 

949 -0.30 -0.45, -0.15 <0.0001 967 -0.49 -0.64, -0.34 <0.0001 0.012 

Haemoglobin g/dL 
(transfused) 

973 -0.34 -0.60, -0.079 0.0097 976 -0.12 -0.38, 0.14 0.37 0.095 

24 hours 
Chloride mmol/L 265 2.1 1.15, 3.06 <0.0001 284 1.41 0.45, 2.37 0.0040 0.16 

Bicarbonate mmol/L 270 -1.06 -1.65, -0.47 0.00057 294 -0.87 -1.46, -0.28 0.0039 0.53 
Base excess mEq/L 271 -1.52 -2.27, -0.77 0.00010 294 -1.31 -2.05, -0.56 0.00065 0.579 

 
Effect size is the mean change in the variable attributable to bolus. Positive effect size indicates increase in parameter, negative effect size indicates decrease, as compared with 
no bolus control. 
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Web extra Table 4. Association between changes in variables and risk of death in clusters within 
FEAST. 
	

Group n OR 95% CI p 

Respiratory score 

FEAST 3037 1·09 1·07,1·11 <0·0001 

Cluster 1 1967 1.00 0·90,1·11 0·98 

Cluster 2 717 1·07 1,1·14 0·040 

Cluster 3 353 1·03 1,1·06 0·020 

Neurology score 

FEAST 3096 1·26 1·21,1·31 <0·0001 

Cluster 1 1955 1·41 1·26,1·57 <0·0001 

Cluster 2 772 1·30 1·2,1·41 <0·0001 

Cluster 3 369 1·06 1·01,1·12 0·020 

Cardiovascular score 

FEAST 3110 1·09 1·05,1·14 <0·0001 

Cluster 1 1963 0·97 0·88,1·08 0·60 

Cluster 2 777 1·05 0·98,1·12 0·16 

Cluster 3 370 1·03 0·96,1·11 0·43 

Haemoglobin (g/dL) 

FEAST 3082 0·88 0·85,0·91 <0·0001 

Cluster 1 1929 1.00 0·91,1·1 0·97 

Cluster 2 780 1·11 1·01,1·22 0·030 

Cluster 3 373 0·91 0·85,0·98 0·008 

Lactate (mmol/L) 

FEAST 3009 1·23 1·2,1·26 <0·0001 

Cluster 1 1888 1·30 1·08,1·57 0·0060 

Cluster 2 768 1·15 1·08,1·22 <0·0001 

Cluster 3 353 1·15 1·09,1·22 <0·0001 
OR, odds ratio for death for each ten-unit increase in the physiological scores and each unit increase in 
haemoglobin and lactate in FEAST overall and in clusters 
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Web extra Table 5. Changes in physiological scores and blood parameters associated with fluid 
bolus in FEAST Cluster 1. 

 

Time (Hours) n Effect size 95% CI  p 
Respiratory score 

1 1934 2·67 0·35, 4·99 0·020 
4 1935 1·54 -0·50, 3·57 0·14 

12  1916  0·87 -0·93, 2·67 0·34 
Neurology score 

1 1926 3·42 1·38, 5·46 0·0010 
4 1927 1·49 -0·47, 3·44 0· 13 

12 1906  -0·14 -1·92, 1·64 0·87 
Cardiovascular score 

1 1937 -1·72 -3·57, 0·14 0·070 
4 1933 0·55 -1·37, 2·47 0·57 

12 1915 0·66 1·24, 2·57 0·50 
Haemoglobin (g/dL) 

8 1837 -0·35 -0·49-0·20 <0·0001 
24 1818 -0·19 0·34, -0·035 0·020 

Lactate (mmol/L) 
8 1806 -0·16 -0·39, 0·064 0· 15 

24 1776 -0·070 -0·30, 0·16 0·50 
Base excess (mEql/L) 

24 590 -1·34 -2·03, -0·64 0·0002 
Bicarbonate (mmol/L) 

24 592 -0·90 -1·44, -0·36 0·0012 
Chloride (mmol/L) 

24 575 1·99 0·46, 3·52 0·0010 
 
*Effect size is the mean change in the variable attributable to bolus. Positive effect size indicates increase 
in parameter, negative effect size indicates decrease, as compared with no bolus control. 
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Web extra Table 6. Changes in physiological scores and blood parameters associated with fluid 
bolus in FEAST Cluster 2.  

 

Time (Hours) n Effect size 95% CI  p 
Respiratory score 

1 676 5·11 -0·37, 10·6 0·06 
4 655 3·8 0·038, 7·6 0·040 

12  634 1·1 -2·79, 5·02 0·50 
Neurology score 

1 730 4·32 0·41, 8·22 0·030 
4 698 1·19  -2·48, 4·86 0· 15 

12 676 0·57 -3·01, 4·16 0·70 
Cardiac score 

1 737 -1·75 -5·24, 1·75 0·32 
4 706 -0·65 -4·08, 2·78 0·71 

12 683 -0·33 -3·87, 3·21 0·85 
Haemoglobin (g/dL) 

8 646 -0·16 -0·45, 0·13 0·27 
24 628 -0·091 -0·38, 0·2 0·54 

Lactate (mmol/L) 
8 654 -0·041 -0·58, 0·50 0· 88 

24 616 0·030 -0·42, 0·48 0·90 
Base excess (mEql/L) 

24 182 -1·34 -3·46, -0·021 0·050 
Bicarbonate (mmol/L) 

24 180 -1·74 -2·62, 0·082 0·070 
Chloride (mmol/L) 

24 180 2·87 0·73, 5·02 0·0090 
 
*Effect size is the mean change in the variable attributable to bolus. Positive effect size indicates increase 
in parameter, negative effect size indicates decrease, as compared with no bolus control.  
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Web extra Table 7. Changes in physiological scores and blood parameters associated with fluid 
bolus in FEAST Cluster 3. 
	

Time (Hours) n Effect size 95% CI p 
Respiratory score 

1 315 3·44 -10·9, 17·8 0· 63 
4 294 3·69 -7·65, 15 0· 52 

12 288 7·13 -3·86, 18·1 0·20 
Neurology score 

1 336 -5·19 -12·9, 2·55 0·19 
4 308 -1·32 -8·46, 5·83 0· 71 

12 299 2·98 -3·79, 9·76 0·38 
Cardiac score 

1 336 -4·84 -10·2, 0·56 0·08 
4 309 -4·23 -10·1, 1·6 0·15 

12 299 -2·06 -7·8, 3·68 0·48 
Haemoglobin (g/dL) 

8 288 -0·52 -0·92, -0·12 0·010 
24 277 -0·59 -1·02, -0·16 0·008 

Lactate (mmol/L) 
8 277 0·0022 -0·75, 0·76 0· 99 

24 265 0·30 -0·40, 1.00 0·40 
Base excess (mEql/L) 

24 85 -1·09  -3·68, 1·5 0·41 
Bicarbonate (mmol/L) 

24 86 -0·69 -2·69, 1·32 0·50 
Chloride (mmol/L) 

24 85 -3·04 -5·94, -0·15 0·040 
*Effect size is the mean change in the variable attributable to bolus. Positive effect size indicates increase 
in parameter, negative effect size indicates decrease, as compared with no bolus control.  
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Web extra Table 8. Studies evaluating the effects of unbalanced salt solutions on blood acid-base balance and chloride 
 

Paper Author Year Fluid 
volume 

Study Type/Detail Bicarbonate Base Excess Chloride 

Balanced Crystalloids 
Versus Saline for 
Perioperative Intravenous 
Fluid Administration in 
Children Undergoing 
Neurosurgery: A 
Randomized Clinical 
Trial23 

Lima et 
al.  

2019 “4-2-1 
rule” 

RCT: 53 paediatric patients 
having neurosurgery randomised 
to saline or balanced crystalloid. 

 post-preop change in BE: −4.4 
[IQR −5.0; −2.3] in saline group 
vs. −0.4 [−2.7; 1.3] mmol/L in 
balanced group; P < 0.001 

post-preop change in chloride: 6 
[IQR 3.5; 8.5] mmol/L in saline 
group compared with 0 [−1.0; 
3.0] mmol/L in balanced group; P 
< 0.001 

Balanced Crystalloids 
versus Saline in Critically 
Ill Adults24 

Semler 
et al. 

2018 Median 
volume 
saline 
given 
1020mls 
 

Cluster-randomized, multiple-
crossover trial of 15,802 adult 
ICU patients. Randomised to 
saline or balanced crystalloid. 
 

Lowest level between enrolment 
and day 30, median [IQR]: 
Balanced group 21.0 mmol/L 
[18.0 – 23.0] vs 20.0 in saline 
group [17.0 – 22.0]. p <0.001 

Bicarb < 20 mmol/L between 
enrolment and day 30, No. (%): 
balanced group 2793 (35.2) vs 
3307 (42.1) in saline group. 
p<0.001 

 Highest level between enrolment 
and day 30, median [IQR]. 
Balanced group 108 mmol/L [105 
– 111] vs saline group 109 [105 – 
112]. P<0.001  

Cl >110 mmol/L between 
enrolment and day 30, No. (%) 
1945 (24.5) in balanced group vs 
2796 (35.6) in saline group. 
P<0.001  

Balanced Crystalloids 
versus Saline in 
Noncritically Ill Adults25  

Self et 
al. 

2018 Median 
volume in 
ED 1079 
mls 

Multiple crossover trial of 13,347 
adults requiring hospital but not 
ICU admission 

Lowest bicarb <20mmol/L: 1668 
(24.9%) in balanced group vs 
1859 (28%) in saline group. 
P<0.01 

 Highest chloride >110 mmol/L: 
1020 (15.2%) in balanced group 
vs 1280 (19.3%) in saline group. 
P<0.01 

Normal saline versus a 
balanced crystalloid for 
goal-directed 
perioperative fluid 
therapy in major 
abdominal surgery: a 
double-blind randomized26 

Pfortmu
eller et 
al. 
 

2018 2 ml/kg 
ideal body 
weight/hr 
(increased 
if viscera 
exposed)  

RCT of adults undergoing major 
abdominal surgery 

 Median minimum base excess 
was lower in the saline group 
than the balanced group: -6.0 (-12 
to 4) vs 0.0 (-5 to 3) mmol/L 
P<0.0001  

Intra-operative change in chloride 
7 mmol/L (2-16) in saline group 
compared to 2mmol/L (0-9) in 
the balanced group p<0.0001  

A randomized trial of 
Plasma-Lyte A and 0.9 % 
sodium chloride in acute 
paediatric gastroenteritis27 

Allen et 
al. 

2016 No 
standard 
regime 

RCT of children with moderate to 
severe dehydration. 

Mean change in bicarb 1.6 
mEq/L in balanced group vs 
0mEq/L in saline group 
(p=0.004) 

 Balanced group: baseline Cl 
103.03 mmol/L +/- 4.74 to 
104.49 +/- 3.18 at 4 hours. Saline 
group 103.53 +/- 4.19 to 108.51 
+/- 4.87. P<0.001 
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Effects of Fluid 
Resuscitation With 0.9% 
Saline Versus a Balanced 
Electrolyte Solution on 
Acute Kidney Injury in a 
Rat Model of Sepsis28 

Zhou et 
al. 

2014 10 mL/kg 
in the first 
hour and 5 
mL/kg in 
the next 3 
hr  

Controlled laboratory experiment 
of 60 adult rats 

 In saline group, BE changed 
following resuscitation (2 vs 5 
mmol/L; p < 0.05)  

 

Saline group: chloride increased 
(109 vs 102 mmol/L; p < 0.05), 
Balanced fluid group: no 
hyperchloremia (102 vs 101 
mmol/L; p > 0.05)  

Saline Versus Plasma-Lyte 
A in Initial Resuscitation 
of Trauma Patients29 

Young 
et al. 

2014 No 
standard 
regime 

RCT of adult trauma patients. 
Plasmalyte vs 0.9% saline 

Change in bicarbonate in saline 
group at 24 hours 22 ± 4 mEgl/L 
compared to 26 ± 3 in balanced 
group.  

Change in BE in saline group at 
24 hours 4.4 ± 3.9 mmol/L 
compared to 7.5 ± 4.7 in balanced 
group  

At 24 hours saline group 111 +/- 
8 mEq/L vs 104 +/- 4 in plasma-
lyte group. Difference of -7 (95% 
CI -10 - -3). 

A novel balanced isotonic 
sodium solution vs normal 
saline during major 
surgery in children up to 
36 months: a multicentre 
RCT30 

Disma 
et al. 

2014 4 ml/kg/h 
for the 
first 10 
kg, 2 
ml/kg/h 
from 11 to 
20 kg and 
1 ml/kg/h 
for every 
kg more 
than 20 kg  

RCT: 240 paediatric patients 
undergoing major surgery. 
Balanced crystalloid plus 1% 
glucose vs saline + 1% glucose 

 Median change balanced solution 
-0.95 vs -1.7 in saline group 
(p=0.019) 

Median change 4 mEq/L in the 
saline group compared to 2 in 
balanced group (p= 0.0001) 
 

Comparisons of normal 
saline and lactated 
Ringer's resuscitation on 
hemodynamics, metabolic 
responses, and coagulation 
in pigs after severe 
hemorrhagic shock.31  

Martini 
et al. 

2013 To match 
MAP 
achieved 
in a pig 
resus with 
3*bled 
volume of 
RL 

Randomised trial of 20 pigs. 
Induced haemorrhage following 
by resuscitation with Ringer’s 
lactate (RL) or normal saline 
(NS) 

Bicabronate drop in RL and NS 
group. Bicarbonate remained 
lower in NS group compared to 
RL group at 3 and 6 hours 
(P<0.05) 

Base excess drop in RL and NS 
group and remained lower in NS 
group compared to RL group at 3 
and 6 hours (P<0.05) 

Hyperchloraemia for 6 h after NS 
resuscitation (102 mM +/-3 at 
baseline to 123 +/- 3 at 6 hours),. 
Not seen after RL resuscitation 
(101 mM +/- 2 at baseline to 97 
+/-3 at 6 hrs).  
 

Balanced versus chloride-
rich solutions for fluid 
resuscitation in brain-
injured patients: a 
randomised double-blind 
pilot study.32  

Roquill
y et al. 

2013 30ml/kg/d
ay  

RCT: 42 patients with severe 
traumatic brain injury 
randomised to 
isotonic balanced solutions or 
isotonic sodium chloride 
solutions  

 Saline group: Median (IQR) BE 
at baseline -1.7 (-3.9 - -0.3) to -
2.4 (-3.7 - -0.9) at 6 hrs vs 
balanced group -2.6 (-3.5 - -0.1) 
to -0.3 (-1.3 - 1) at 6 hrs 
(p=0.004) 

Higher incidence of 
hyperchloremic acidosis in the 
saline than balanced fluid group 
(P = 0.01). Mean difference in 
chloride between the saline and 
balanced group of 4.8 mmol/L 
(1.9 to 7.6); P = 0.002  

A Randomized, 
Controlled, Double-Blind 
Crossover Study on the 
Effects of 2L Infusions of 
0.9% Saline and Plasma-
Lyte 148 on Renal Blood 
Flow Velocity and Renal 

Chowdh
ury et 
al.  

 

2012 2L over 1 
hour 

12 healthy adult males   Chloride peaked at 109mol/L in 
saline group. Remained high for 
duration of study. Levels 
remained normal in plasmalyte 
group (p<0.0001) 
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Cortical Tissue Perfusion 
in Healthy Volunteers.33 
The biochemical effects of 
restricting chloride-rich 
fluids in intensive care.34 

Yunos 
et al. 

2011 No 
standard 
fluid 
prescriptio
n  

Prospective, open-label, before-
and-after study. Significant 
reduction in use of chloride rich 
fluids between control (828 
patients) and intervention (816 
patients) periods.  

Time weighted mean (SD) pre-
intervention 25.3 mmol/L (4.0) 
and 26.4 (4.1) after (P<0.001). 

Pre-intervention (no limitation on 
chloride rich fluids) 9.1% had a 
base excess <-5mEq/L compared 
to 6% following intervention 
(P<0.001). Time weighted mean 
(SD) pre-intervention 0.5 mmol/L 
(4.5) and 1.8 (4.7) after 
(P<0.001). 

Severe hyperchloraemia 
(>114mmol/L) reduced from 
6.2% pre-intervention to 2.3% 
following intervention (P<0.001). 
Time weighted mean (SD) pre-
intervention 104.9 mmol/L (4.9) 
and 102.5 (4.6) after (P<0.001). 

Resuscitation with 
balanced electrolyte 
solution prevents 
hyperchloremic metabolic 
acidosis in patients with 
diabetic ketoacidosis.35  

Mahler 
et al. 

2010 20ml/kg 
bolus then 
DKA 
protocol 
rates 

RCT of the resuscitation of adults 
with DKA. Normal saline vs 
plasma-lyte A 

Mean post-resuscitation bicarb 17 
mmol/L (95% CI 15-18) in saline 
group vs 20 (18-21) in plasmalyte 
group. P=0.02 

 Mean post-resuscitation chloride 
111 mmol/L (95% CI 110-112) in 
saline group vs 105 (103-108) in 
plasmalyte group. P<0.001 

Effect of volume loading 
with 1 liter intravenous 
infusions of 0.9% saline, 
4% succinylated gelatine 
(Gelofusine) and 6% 
hydroxyethyl starch 
(Voluven) on blood 
volume and endocrine 
responses: A randomized, 
three-way crossover study 
in healthy volunteers.36 

Lobo et 
al. 

2010 1L over 1 
hr 
 

Randomized, three-way 
crossover study of 10 healthy 
adult males. 
 

Reduction in bicarbonate after 
infusion but non-significant 
chance between saline and 
voluven or gelofusin. 

 Persistent hyperchloremia more 
marked after 0.9% saline and 
Voluven than Gelofusine. Saline 
vs gelofusin p=0.08 

Lactated Ringer’s is 
Superior to Normal Saline 
in the Resuscitation of 
Uncontrolled 
Hemorrhagic Shock.37 

Todd et 
al. 

2007 Fluids to 
target 
MBP 
256.3 +/- 
145.4 
mL/kg of 
fluid  
 

Randomised study of 20 adult 
swine 

 Final BE in saline group -4.6 +/- 
7.9 mmol/L compared to 7.2 +/- 
4.2 in RL group (p<0.01) 

Final chloride in saline group 119 
+/- 5.6 mEq/L compared to 105 
+/- 2.9 in RL group (p<0.0001) 

(Ab)normal saline and 
physiological Hartmann’s 
solution: a randomized 
double-blind crossover 
study.38 

Reid et 
al. 

2003 2L 
infusion 
over an 
hours 

Double-blind crossover study of 
9 healthy adult males 

Saline group: Mean 26.7 mmol/L 
to 25.6 at one hour; Hartmann’s 
group 26.9 to 27.1 mmol/L 
(p=0.008) 

 Saline group: Mean 103 mmol/L 
to 108 at one hour; Hartmann’s 
group 103 to 104 mmol/L 
(p<0.001) 

The Effects of Balanced 
Versus Saline-Based 
Hetastarch and 
Crystalloid Solutions on 

Wilkes 
et al. 

2001 500ml 
bolus then 
7ml/kg/hr 

Randomised trial of 47 adult 
patients. 

Pre to post op change in balanced 
group: 25.8 +/- 3.3 to 24.7 +/- 3. 
Pre to post op change in saline 

Pre to post op change in balanced 
group: 0.7 +/- 2.7 to      -0.2 +/- 
2.6. Pre to post op change in 

Pre to post op change in balanced 
group: 104.9 +/- 3.2 to 108.2 +/1 
3.4. Pre to post op change in 
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Acid-Base and Electrolyte 
Status and Gastric 
Mucosal Perfusion in 
Elderly Surgical 
Patients.39 

group: 25.7 +/- 2.6 to 21.8 +/- 3.2 
(p<0.0073)  

saline group: 1.7 +/- 2.3 to -3.8 
+/- 2.9 (p=0.0001) 

saline group: 104.2 +/- 3.5 to 114 
+/- 4.9 (p=0.0001) 

Rapid Saline Infusion 
Produces Hyperchloremic 
Acidosis in Patients 
Undergoing Gynecologic 
Surgery.40 

Scheing
raber et 
al. 
 

1999 30ml/kg/h
r 

Randomised trial: 24 women 
received saline or ringer’s lactate 
(RL). Comparison between 0 and 
120 mins 

Calculated using Henderson—
Hasselbach. In saline group 
change from 23.5 mM +/- 2.2 to 
18.4 +/- 2. In RL group 23.3 +/- 
2.0 to 23.0 +/- 1.1 

Mean change of -6.3 mM in 
saline group. ‘No major change’ 
in RL group. 

Change from a mean of 104 to-
115 mM in saline group and a 
mean of 104 – 106 mM in RL 
group. 

A comparison of 
Plasmalyte 148 and 0.9% 
saline for intra-operative 
fluid replacement.41   
 

McFarla
ne et al. 
 

1994 15ml/kg/h
r during 
surgery  

Randomised trial of 30 patients 
undergoing major surgery.  

Difference between mean pre and 
post op values in saline group:  -4 
mmol/L +/- 2.0; Plasmalyte 
group -0.7 +/- 1.0 (p<0.01) 

Difference between mean pre and 
post op values in saline group:  -5 
+/- 2.1; Plasmalyte group -1.2 +/- 
1.1 (p<0.01) 

Difference between mean pre and 
post op values in saline group: 
6.9 mmol/L +/- 2.03; Plasmalyte 
group 0.6 +/- 1.2 (p<0.01) 

RCT, Randomised controlled trial; RL, Ringer’s lactate; op, operative. Blank cells indicate that the parameter was not assessed.  
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Web extra Table 9. Cox proportional hazard regression models for time of death.  
 

Covariate Coefficient p 
Model using values at baseline with composite physiological scores 
Bolus – literature derived estimates 0·50 0·011 
Neurological score 0·015 <0·0001 
Respiratory score 0·0019 0·075 
Base excess -0·024 0·34 
Bicarbonate -0·097 0·0065 
Chloride 0·019 0·095 
Haemoglobin -0·015 0·62 
Cardiovascular score 0·00093 0·77 
Model using values at 1 hour with composite physiological scores (covariate sets 1 & 2) 
Bolus – data derived estimates 0·17 0·42 
Bolus – literature derived estimates -0·37 0·15 
Neurological score 0·026 <0·0001 
Respiratory score 0·0082 <0·0001 
Base excess -0·029 0·25 
Bicarbonate -0·067 0·068 
Chloride 0·016 0·25 
Haemoglobin 0·020 0·50 
Cardiovascular score -0·00086 0·79 
Model using values at 1 hour with component physiological variables (covariate sets 3 & 4) 
Bolus – data derived estimates 0·22 0·30 
Bolus – literature derived estimates -0·33 0·20 
Heart rate - down 0·039 <0·0001 
Base excess -0·027 0·28 
AVPU 0·75 <0·0001 
O2 saturation -0·041 <0·0001 
SBP - up 0·021 <0·0001 
Bicarbonate -0·066 0·066 
SBP - down 0·026 0·092 
Chloride 0·018 0·18 
Respiratory rate - up 0·0066 0·25 
Haemoglobin 0·034 0·27 
Heart rate - up -0·0025 0·59 
Capillary refill time 0·019 0·88 

	
Cox-proportional hazards regression coefficients and p-values for association with time of death in a 
multivariate model with all listed covariates included. Coefficients and p-values for all covariates in 
sets1 and 2, except bolus, are identical. Similarly for covariate sets 3 and 4. 
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