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Lactate clearance is associated with mortality in
septic patients with acute kidney injury requiring
continuous renal replacement therapy
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Abstract
The aim of the study was to assess the clinical utility of lactate measured at different time points to predict mortality at 48 hours and 28 |
days in septic patients with acute kidney injury (AKI) requiring continuous renal replacement therapy (CRRT).

Consecutive critically ill patients with septic AKI requiring CRRT were prospectively studied. Variables were collected at initiation of
CRRT and 24 hours later.

In total, 186 patients were analyzed. Overall mortality at 48 hours was 28% and at 28 days was 69%. Initial lactate, lactate at 24
hours and the proportion of patients with a lactate clearance superior to 10% were different between survivors at 28 days [2.0
mmol/L, 1.95 mmol/L and 18/45 (40%)] and nonsurvivors [3.46 mmol, 4.66 mmol, and 18/94 (19%)]. Multivariate analysis
demonstrated that lactate at 24 hours and lactate clearance, but not initial lactate, were independently associated to mortality. Area
under the ROC curves for 28-day mortality was 0.635 for initial lactate; 0.828 for lactate at 24 hours and 0.701 for lactate
clearance.

Lactate clearance and lactate after 24 hours of CRRT, but not initial lactate, were independently associated with mortality in
septic AKI patients undergoing CRRT. Serial lactate measurements may be useful prognostic markers than initial lactate in these
patients.

Abbreviations: ADQI = Acute Dialysis Quality Initiative, AKI = Acute kidney injury, AKIN = Acute Kidney Injury Network, APACHE |

= Acute Physiology and Chronic Health Evaluation, Cls = confidence intervals, CRRT = continuous renal replacement therapy,
CWHDF = continuous venous—venous hemodiafiltration, ICU = intensive care unit, MDRD = modification of diet in renal disease,

ROC = receiver operator characteristic, SOFA = sequential organ failure assessment.
Keywords: acidosis, acute kidney injury, CVVDF, lactate, lactate clearance, outcome, sepsis

1. Introduction

Septic acute kidney injury is the dominant cause of acute kidney
injury (AKI) and it confers an independent increase in risk for
intensive care unit (ICU) morbidity and mortality.""! Despite
substantial progress in the understanding of mechanisms
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involved, there is still a pool of questions preclusive of the
development of effective therapeutic strategies.>*3! Septic AKI is
characterized by greater severity of illness as demonstrated by
higher severity scores, greater aberrancy in vital signs and need
for organ support therapy.!'"* Patients with AKI and septic shock
are particularly suited to continuous renal replacement therapy
(CRRT), mostly continuous venous—venous hemodiafiltration
(CVVHDF), because it is hemodynamically better tolerated and
allows continuous fluid balance control.”!

It has been shown that persistent acidosis during this procedure
is a strong predictor of poor outcome.!®’ CRRT corrects
metabolic acidosis through its effect on unmeasured anions,
phosphate, and chloride.”! In patients with septic AKI the lack of
improvement of acidosis on CRRT is associated with increased
lactate levels, circulatory failure, and high mortality./®! Lactate
clearance early in the hospital course may indicate a resolution of
global tissue hypoxia and is associated with decreased mortality
rate in patients with severe sepsis and septic shock,! so lactate
clearance has been used as one of the goals of early sepsis
resuscitation;!'®! however, it is not clear if these data apply to
septic patients in need of CRRT.

Accordingly, in view of the limited data on septic AKI requiring
CRRT, we sought to assess the clinical utility of lactate level
measured at initiation of CRRT, lactate measured at 24 hours
after start of CRRT and lactate clearance as predictive factors of
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early (48hours) and late (28 days) mortality in critically ill
patients with septic AKI on CRRT.

2. Material and methods

2.1. Consent and ethics

The study was approved by the ethics committee of Hospital
Portugues (Salvador, Brazil). Because routine collection of data
entered into the database did not modify patients’ management in
any way, and statistical analyses were processed anonymously,
informed consent for participation in the study was waived.

2.2. Study design

All consecutive patients with septic AKI requiring CRRT
admitted in 3 different intensive care units (cardiac, medical,
and surgical units) at Hospital Portugues (a Brazilian tertiary
hospital) between October 2005 and December of 2010 were
prospectively studied. In the event of multiple ICU admissions,
only the initial ICU admission was considered.

AKI was classified according to the Acute Kidney Injury
Network (AKIN) criteria. Baseline serum creatinine values were
estimated using the Modification of Diet in Renal Disease (MDRD)
equation, as recommended by the Acute Dialysis Quality Initiative
(ADQI) Working Group (assuming a lower limit of normal
baseline glomerular filtration rate of 75 mL/minute) and similar
to previous studies.'!! Sepsis was defined with the presence of a
suspected infection combined with 2 of the following conditions,
temperature >38 °C or <36 °C, heart rate >90beats/min,
respiratory rate >20breaths/min or mechanical ventilation and
with blood cell count >12 x 109/L or <4 x 109/L.1"? Septic AKI
was defined as simultaneous presence of both syndromes sepsis and
AKI in the absence of other clear and established, nonsepsis-related
precipitants of AKI (i.e., urinary tract obstruction, radio contrast
media other nephrotoxins).””! Patients were followed through
discharge or death. Primary outcome was defined as mortality at28
days (late mortality). Early mortality (i.e., mortality at 48 hours)
was also evaluated.

2.3. Data collection

Standard demographic, clinical, and laboratorial data were
collected at the initiation of CRRT and 24 hours later. Arterial
lactate was collected before CRRT initiation and 24 hours after
CRRT initiation. Lactate clearance was defined using the
following formula: lactate at CRRT initiation minus lactate at
24hours after CRRT initiation, divided by lactate at CRRT
initiation, then multiplied by 100. A positive value denotes a
decrease or clearance of lactate, whereas a negative value denotes
an increase in lactate after 24hours of CVVHDE.P! Lactate
clearance was further dichotomized in lactate clearance superior
or inferior to 10%, because it is the value most often cited in the
literature as associated with outcomes.!”>1"!

Severity of illness was assessed using the Acute Physiology and
Chronic Health Evaluation (APACHE) I"'* and Sequential Organ
Failure Assessment (SOFA) score.['* Organ failure (e.g., hepatic
failure) was defined as a SOFA specific organ system score >2.

2.4. CRRT procedure

CVVHDF was the CRRT modality of choice and was performed
by consulting nephrologists on the basis of standard clinical
guidelines, including AKI with hemodynamic instability, ongoing
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hypercatabolism, hyperkalemia, severe acidosis, volume over-
load, respiratory distress, multiorgan failure, or some combina-
tion of these factors. Saline flushes were used to warrant filter
patency, instead of heparin, as per institutional protocol. Patients
were routinely treated by CVVHDF with bicarbonate buffered
solution. The procedure was performed using the Gambro
PRISMA CRRT machine. In all patients a M100 hemofilter was
used and were routinely changed after 72 hours. The ultrafiltrate
flow rate was set accordingly daily fluid balance gains. The
prescribed dialysis dose was around 20 to 30 mL/kg/h.

2.5. Statistical analysis

Analysis was performed using IBM SPSS Statistics 18.0 Version
(SPSS 1Inc.). Sample size was calculated as 168 patients,
considering a power of 80%, an alpha of 0.05, a ratio of 4:1
of patients with a lactate clearance superior to 10%, a 28-day
mortality rate of 50%, and an odds ratio of 0.3 for patients with
lactate clearance superior to 10%. These prevalences and effects
sizes were estimated from previous studies."*”! Continuous
variables were reported as means and standard deviations and
compared using analysis of variance. Categorical data were
reported as number (percentage) and compared using chi-square
or Fisher’s exact test, as appropriate.

Multivariable logistic regression analysis was used to control
for confounders. The variables selected were those found to be
significantly correlated to mortality in the univariate analysis and
with clinical plausibility. Logistic regression was chosen as the
multivariate method because, despite initial lactate and lactate
after 24 hours being repeated measures of the same variable, the
model was thought to be a prognostic model, and not a causal
one. Furthermore, the value of the lactate at 24 hours did not
show significant collinearity (as evaluated by tolerance test or
variation inflation factor) with initial lactate and is probably
influenced by other variables, besides initial lactate. Lactate
clearance was analyzed as a dummy dichotomous variable
(lactate clearance superior or inferior to 10%). Because lactate
clearance was thought to be representative of the same similar
biological processes of lactate at 24hours and demonstrated
correlation with lactate at 24hours and initial lactate (as
measured by the Pearson correlation matrix), different models
were developed to evaluate the association of lactate clearance
with mortality. Different models were developed for early
(48hours) and late (28 days) mortality. The final covariate
models were developed by a stepwise procedure with backward
elimination using Wald statistic. Probability for stepwise entry
was 0.05 and removal was 0.10. Goodness-of-fit was tested by
the Hosmer and Lemeshow statistic.

The prognostic value of initial lactate, lactate after 24 hours
and lactate clearance was also evaluated by the analysis of the
area under the receiver operator characteristic (ROC) curve. Data
are presented with 95% confidence intervals (Cls) and a bicaudal
P<0.05 was considered statistically significant for all compar-
isons.

3. Results

3.1. Characteristics of the cohort

A total of 186 septic acute kidney injury patients undergoing
CVVHDF were enrolled. Baseline characteristics of these patients
are included in Table 1. For the overall sample the mean lactate
before initiation of CRRT was 3.01+2.93 and at 24 hours was
3.78 £3.1. Thirty-six (19.4%) of patients had a lactate clearance
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Baseline characteristics of the cohort.

Characteristic N N (%) or mean+SD
Male sex 186 104 (55.9)
Surgical diagnosis 186 107 (57.5)
Age 186 68.7+14.6
APACHE Il 186 63.1+£19.7
SOFA 186 127+24
Hepatic failure 186 38 (20)
Platelets (x 10%/mm?) 185 166+ 148
Urea (mg/dL) 185 140 +£62
Creatinine 185 2.8+1.6
Pa0,/Fi0, ratio 185 236+98
pH 185 7.29+0.11
Serum bicarbonate 183 17.8+5.2
Serum potassium (mEag/L) 185 46+1
Urinary output (mL/24 h) 186 456 +509
Mechanical ventilation 186 177 (95.2)
Noradrenaline 186 158 (84.9)
Noradrenaline dose (mcg/kg/min) 158
<0.3 79 (42.5)
0.3-0.6 41 (22)
>0.6 39 (21)
Source of infection 186
Lung 104 (565.9)
Bloodstream 45 (24.2)
Urinary tract 15 8.1)
Abdominal 20 (10.8)
Soft tissue 2(1.1)
Adequate initial antibiotic 151 76 (50.3)
Initial lactate 185 3.01+2.93
Lactate at 24 h 139 3.78+3.06
Lactate clearance > 10% 139 36 (19.4)
Early mortality (48 h) 186 52 (28)
Late mortality (28 days) 186 129 (69.4)

APACHE Il = Acute Physiology and Chronic Health Evaluation, SD=standard deviation, SOFA =
Sequential Organ Failure Assessment.

superior to 10%. Fifty-two (28%) and 129 (69%) of patients
were dead at 48 hours and 28 days, respectively (Table 1).

3.2. Mortality analysis and association to lactate levels

Variables associated to early and late mortality are shown in
Table 2. Mean initial lactate, lactate at 24 hours and lactate
clearance were significantly different between survivors and
nonsurvivors. A lactate clearance superior to 10% was associated
to a reduced mortality [OR (95%CI)=0.143 (0.032-0.634) for
early mortality and OR (95%CI)=0.355 (0.162-0.781) for late
mortality].

After adjusting for confounders, lactate at 24 hours after
initiation of CRRT was significantly associated to early [OR
(95%CI)=1.72 (1.39-2.12)] and late [OR (95%CIl)=2.35
(1.57-3.51)] mortality (Table 3Tables 3A and B). Initial lactate,
however, was not independently associated to mortality after
multivariate analysis.

Lactate clearance was evaluated in separate models (Table 4A
and B), because it was highly correlated to both initial lactate and
lactate after 24 hours. After adjusting for confounders, a lactate
clearance superior to 10% was independently associated to a
lower early [OR (95%CI)=0.114 (0.025-0.527)] and late [OR
(95%CI)=0.235 (0.089-0.615)] mortality.
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3.3. ROC curve analysis

Analysis of the area under the ROC curve (AUC) for early
(Fig. 1A) and late (Fig. 1B) mortality demonstrated that lactate
after 24hours was superior to initial lactate, but not to lactate
clearance. AUC (95%CI) for initial lactate was 0.708
(0.599-0.817) for early mortality and 0.635 (0.538-0.732) for
late mortality. AUC (95 %ClI) for lactate after 24 hours was 0.870
(0.796-0.943) and 0.828 (0.759-0.896) for early and late
mortality, respectively. AUC (95%CI) for lactate clearance was
0.729 (0.635-0.822) and 0.701 (0.611-0.791) for early and late
mortality, respectively.

4. Discussion

In the present study, we have prospectively assessed the clinical
utility of lactate levels and lactate clearance as predictive factors
of early (48 hours) and late (28 days) mortality in critically ill
patients with septic AKI in need of CRRT. Our results suggest
that lactate levels measured 24 hours after the initiation of CRRT
were strongly associated with both early and late mortality.
Lactate clearance, as defined by the percentage of lactate cleared
over the 24-hours period after initiation of CVVHDEF, was
independently associated with lower mortality.

Patients with septic AKI are generally sicker, with a higher
burden of illness, and have greater abnormalities in acute
physiology compared with patients with nonseptic AKI.
Moreover, septic AKI is independently associated with higher
odds of death and longer duration of hospitalization.!>?!
However, little is known about risk-stratification biomarkers
in septic AKI patients on CRRT patients and our data suggests
that lactate could be a plausible candidate.

In our study general scoring systems (APACHE II, SOFA) did
not discriminate prognosis; however, temporal evolution of
lactate during CRRT treatment was significantly different
between survivors and nonsurvivors. This finding is congruent
with some data that have shown that failure to correct metabolic
acidosis rapidly during CRRT is a strong predictor of mortality.
For example, Page et al® have demonstrated that metabolic
acidosis was associated with increased lactate levels mainly
resulting from circulatory failure. In another study, lactate was
shown to be associated with early (48 hours) mortality in patients
in need of CRRT by Kawarazaki et al."'®! The authors suggested
that lactate, among other variables, could help differentiate acute
kidney injury patients who do not benefit from CRRT. Our
results demonstrate that lactate is associated with mortality also
in the specific subgroup of septic AKI patients and is associated
with late (28 days), in addition to early (48 hours), mortality.

Lactate clearance over time has been shown to be superior to
oxygen-derived variables (oxygen deliver [DO2} and oxygen
consumption [VO2]) in septic shock patients.''”! Our results are
consistent with this view. In our study, a lactate clearance higher
than 10% was associated with survival. Moreover, in multivari-
ate analysis, lactate at 24 hours after initiation of CRRT, but not
initial lactate was associated with mortality. Furthermore,
analysis of the area under the ROC curve have shown that
lactate at 24hours demonstrated better prognostic value than
initial lactate.

An increase in blood lactate concentration may be due to
defective lactate clearance, despite normal lactate production or
to lactate overproduction with more or less normal lactate
clearance.'®! Severe acidemia is an important factor in lactate
metabolism impairment; thus, the beneficial effect of continuous
venovenous hemofiltration with dialysis on hyperlactatemia
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Univariate analysis for early (48h) and late (28 d) mortality.
Early (48 h) Late (28 d)

Characteristic Survivor Nonsurvival P Survivor Nonsurvival P
Male sex, n (%) 83 (61.9) 21 (40.4) 0.009 39 (68.4) 65 (50.4) 0.025
Surgical diagnosis, n (%) 63 (47) 16 (30.8) 0.044 32 (56.1) 47 (36.4) 0.012
Age, mean+SD 70+13 64+16 0.018 69+15 68+14 0.563
APACHE I, mean+SD 27.9+59 30+12 0.126 27.3+59 29.1+9.1 0.159
SOFA, mean+SD 124424 13.3+23 0.019 121+£26 129423 0.023
Hepatic failure, n (%) 50 (37.3) 37 (711.2) <0.001 18 (31.6) 69 (53.5) 0.006
Platelets (x 10%mm®), mean+SD 182+158 127+110 0.025 229+196 138+111 <0.001
Mechanical ventilation, n (%) 125 (93.3) 52 (100) 0.064 53 (93) 124 (96.1) 0.46
Noradrenaline, n (%) 108 (80.6) 50 (96.2) 0.008 41 (71.9) 117 (90.7) 0.001
Noradrenaline dose (mcg/kg/min), mean+SD 0.013 0.024

<0.3 56 (41.8) 23 (44.2) 20 (35.1) 59 (45.7)

0.3-0.6 31 (23.1) 10 (19.2) 12 (21.1) 29 (22.5)

>0.6 22 (16.4) 17 (32.7) 10 (17.5) 29 (22.5)
Source of infection, n (%) 0.858 0.351

Lung 76 (56.7) 28 (53.8) 31 (64.4) 73 (56.6)

Bloodstream 34 (15.7) 11 (21.2) 17 (29.8) 28 (21.7)

Urinary tract 9 (6.7) 6 (11.5) 5(8.9) 10 (7.8)

Abdominal 14 (10.4) 6 (11.5) 3(5.3) 17 (13.2)

Soft tissue 1(0.7) 1(1.9 1(1.8) 1(0.9)
Adequate initial antibiotic, n (%) 56 (49.6) 20 (52.6) 0.743 24 (46.2) 52 (52.5) 0.457
Initial lactate (mmol/L), mean +SD 2.34+1.89 474+419 <0.001 20+11 3.46+3.36 0.002
Lactate at 24 h (mmol/L), mean +SD 2.86+2.19 6.86+3.53 <0.001 1.95+1.01 4.66+3.31 <0.001
Lactate clearance (%), mean +SD —43+114 —131+188 0.002 —7+58 —90+158 0.001
Lactate clearance > 10%, n (%) 34 (31.8) 2 (6.3 0.004 18 (40) 18 (19.1) 0.009

APACHE Il = Acute Physiology and Chronic Health Evaluation, SD=standard deviation, SOFA = Sequential Organ Failure Assessment.

probably reflects an improvement in acid-base and metabolic
status (leading to enhanced lactate metabolism), rather than the
direct removal of lactate by ultrafiltration and dialysis."'®!
Furthermore, Levraut et al™ have demonstrated that the
amount of lactate removed by CVVHDF using bicarbonate-
buffered fluids is negligible, as a result blood lactate concentra-
tion remains a reliable metabolic marker of tissue oxygenation.

Although considerable attention has focused on the perceived
benefits of CRRT, there has been less emphasis on the possibility
that it might induce and/or perpetuate global tissue hypoxia and
hyperlactatemia.?>*!! The intravascular volume depletion

associated with excessive ultrafiltration rate could be caused
by both the high rate of fluid removal required and the trans-
cellular and interstitial fluid shifts caused by the rapid dialytic
loss; this may jeopardize hemodynamic instability and induce
tissue hypoxia and hypoperfusion.**??! Bioincompatibility of
renal replacement therapy materials potentially enhances
coagulation and inflammation pathways that are already
triggered. These processes result in tissue dysoxia, either from
impaired microcirculatory oxygen delivery and/or from mito-
chondrial dysfunction.?>2*! The heat loss that occurs during
continuous renal replacement therapy favors the development of

Multivariate analysis for early (A) and late (B) mortality. In these models, lactate was evaluated as initial lactate and lactate after 24 hours of

initiation of CRRT.

(A) Mortality in 48 h

Variable B OR 95% Cl P
Noradrenaline 2723 15.22 1.323 175.101 0.029
Lactate after 24h 0.544 1.723 1.396 2.126 <0.001

R square=0.449; Hosmer and Lemeshow goodness-of-fit=0.217

Variables in the initial model: surgical diagnosis; hepatic failure; APACHE II; SOFA; platelets levels; initial lactate; lactate after 24 h

(B) Mortality in 28 days

Variable B OR 95% CI P

Surgical diagnosis —-0.93 0.395 0.159 0.979 0.045
Platelets —0.003 0.997 0.994 1 0.077
Lactate after 24 h 0.853 2.347 1.569 3.51 <0.001
Noradrenaline 1.221 3.391 0.891 12.91 0.073

R square =0.465; Hosmer and Lemeshow goodness-of-fit=0.827.

Variables in the initial model: surgical diagnosis; hepatic failure; APACHE II; SOFA; platelets levels; initial lactate; lactate after 24 h APACHE Il = Acute Physiology and Chronic Health Evaluation, Cl=confidence
interval, CRRT = continuous renal replacement therapy, OR=odds ratio, SD =standard deviation, SOFA = Sequential Organ Failure Assessment.
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Multivariate analysis for early (A) and late (B) mortality. In these models, lactate was evaluated as lactate clearance superior to 10%.

(A) Mortality in 48 h

Variable B OR 95% Cl P
Noradrenaline 1.948 7.016 0.86 57.255 0.069
Hepatic failure 1.399 4.052 1.652 9.94 0.002
Lactate clearance > 10% —2.175 0114 0.025 0.527 0.005

R square=0.259; Hosmer and Lemeshow goodness-of-fit=0.774

Variables in the initial model: surgical diagnosis; hepatic failure; APACHE II; SOFA; platelets levels; lactate clearance superior to 10%

(B) Mortality in 28 d

Variable B OR 95% Cl P
Surgical diagnosis —0.958 0.384 0.168 0.874 0.023
Platelets —0.005 0.995 0.992 0.998 0.002
Hepatic failure 0.941 2.563 1.037 6.338 0.042
SOFA —0.198 0.821 0.66 1.021 0.076
Noradrenaline 1.27 3.562 1.063 11.942 0.04
Lactate clearance > 10% —1.45 0.235 0.089 0.615 0.003

R square=0.297; Hosmer and Lemeshow goodness-of-fit=0.799

Variables in the initial model: surgical diagnosis; hepatic failure; APACHE II; SOFA; platelets levels; lactate clearance superior to 10%
APACHE Il = Acute Physiology and Chronic Health Evaluation, Cl=confidence interval, OR=odds ratio, SD=standard deviation, SOFA = Sequential Organ Failure Assessment.

hypothermia. Long-term cooling has huge metabolic consequen-
ces, which increases oxygen demands, leads to vasoconstriction,
inhibition of leukocyte function and coagulation.>>2¢!

Liver failure commonly leads to major changes in acid—base
balance status. Combined liver failure and acute kidney are
associated with unique acid—base changes due mostly to lactic
metabolic acidosis and, in smaller part, to the accumulation of
unmeasured anions. This acidosis is attenuated by hypoalbumi-
nemia, hypochloremia, and hypercapnia.?”! Naka et al’®®! have
shown that the use of CRRT does not fully correct the
independent acidifying effect of liver failure on acid—base status.
Increased lactate and strong ion gap values maintain a persistent
base deficit despite the alkalinizing effects of hypoalbuminemia
and hypochloremia. It has been suggested that lactate clearance
which normally depends on liver gluconeogenesis, could depend
more on oxidation in injured, post ischemic or resting tissues
during stressful states including sepsis./**! Our results suggest that
clearance of lactate remained strongly associated with outcome
even in patients with liver failure.

Our study has several limitations. Because of the observational
nature of study cohort, our findings are at best association,

causation need further confirmation. Nonetheless our observa-
tion of significant correlation of lactate clearance and decrease of
mortality is consistent with previous studies in different
populations. We do not have data to assess how closely the
care team complied with early goal direct therapy in septic shock
in this group of patients before or during CVVHDEF. Our
database did not include data on the exact indications, rate of
ultrafiltration and timing for CVVHDEF. Although the same
medical team cared for all patients in this study, there was an
inevitable day-to-day variability in the practitioners who were in
charge of the patients. These changes might have induced some
variability in the quality of care, which could have caused a
degree of bias in the results.

5. Conclusion

Lactate clearance and lactate at 24 hours after initiation of CRRT
were associated with 48 hours and 28-days mortality in septic
AKI patients undergoing CVVHDF. These findings suggest
that lactate clearance and serial lactate measures may be more
useful prognostic markers than initial lactate alone. Whether
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Figure 1. Area under the ROC curve for mortality for initial lactate, lactate 24 h after initiation of CRRT and lactate clearance for early (A) and late (B) mortality. (A)
Early (48 h) mortality. AUC for initial lactate = 0.708 (95%CI=0.599-0.817); lactate after 24 h=0.870 (95%Cl =0.796-0.943) and for lactate clearance =0.729 (95%
Cl=0.635-0.822). (B) Late (28 days) mortality. AUC for initial lactate=0.635 (95%CIl=0.538-0.732); lactate after 24h=0.828 (95%Cl=0.759-0.896) and for
lactate clearance=0.701 (95%Cl=0.611-0.791). AUC =area under the ROC curve, Cl=confidence interval, CRRT = continuous renal replacement therapy, ROC

= receiver operator characteristic.
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interventions during CRRT aimed to improve lactate clearance
will improve outcomes remains unknown and warrants further
investigation.
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