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Abstract

Lactate and Albumin are individual markers defining the severity of sepsis.
Combining the two parameters as Lactate-Albumin ratio could increase the
accuracy in enabling early identification of high-risk groups and for timely
intervention. This study was done to determine the prognostic value of Lactate-
Albumin ratio as a marker of in hospital mortality, compared to isolated lactate
level among sepsis patients in a tertiary care hospital. A cross-sectional study
was conducted on 173 patients diagnosed with sepsis. The primary endpoints
were the requirement for mechanical ventilation, dialysis and in-hospital
mortality. Lactate levels were measured at admission and 24 hours
postadmission, Lactate -albumin ratio and lactate clearance calculated, ROC
curve was used to identify a cutoff value with best sensitivity and specificity.
The Lactate-Albumin ratio demonstrated superior prognostic accuracy when
compared to lactate, with a cut off value of 1.42 to predict in hospital mortality.
Lactate-Albumin ratio was also found to be superior in predicting need for
mechanical ventilation and dialysis, compared to lactate clearance among sepsis
patients. The study concludes that the L/A ratio is a more reliable prognostic
marker than lactate levels for predicting in-hospital mortality among sepsis
patients. Its incorporation into clinical practice could enable more accurate risk
stratification and timely interventions, potentially improving patient outcomes.

INTRODUCTION

The definition of sepsis states that it is a potentially
fatal dysfunction of organs brought on by an
uncontrolled immune response to infection. An
increase in the total score on the Sequential Organ
Failure Assessment (SOFA) by 2 or more points,
secondary to an infection indicates organ
dysfunction. In individuals without a documented
history of organ dysfunction, the SOFA score at
baseline should be 0.4

Septic shock is when sepsis occurs without
hypovolemia but requires vasopressors to maintain
65 mmHg or higher mean arterial pressure and a
lactate level above 2mmol/l (18 mg/dl). Sepsis is one
of the deadliest and most disabling diseases
worldwide causing around 30% mortality. Septic
shock can cause 40% or more deaths.?]

It is advocated that antibiotics be administered
promptly, even prior to identification of organism, in
order to manage sepsis effectively.2 Therefore
patients with sepsis or septic shock can benefit
greatly from antibiotics, if there is a suitable lab
parameter which can diagnose sepsis in the initial
stage.[34

Lactic acid is the tissue product of anaerobic
metabolism of glucose. A blood lactate concentration
of 0.5-1 mmol/L is normal. Lactate above 2 mmol/L
indicates that the patient is critically ill.[>7]

Albumin being a negative acute-phase protein, can
predict the degree of inflammation. A fall in Albumin
level following an infection indicated unfavourable
outcome. 8!

A conjunction of the two variables could be used for
better prediction of mortality. Critical care and sepsis
management have come a long way, but sepsis still
ranks high in terms of patient deaths. Early detection
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of high-risk cases is the most important part of sepsis
care since it allows for the categorization of sepsis
patients based on risk and the prompt administration
of broad-spectrum antibiotics and inotropic support,
if necessary.[®1

The lactate/albumin ratio is a novel and useful
biomarker, and this study focused on its predictive
utility in reducing mortality in sepsis patients, given
the significance of early diagnosis and aggressive
treatment.

MATERIALS AND METHODS

A total of 173 patients admitted to the Medical ICU
for a duration of eighteen months following the date
of ethical approval of the Jubilee Mission Medical
College and Research Institute, Thrissur, with sepsis
or septic shock and who satisfied all inclusion criteria
were included in this cross-sectional study. All
patients diagnosed with Sepsis based on SOFA score
>/= 2, associated with infection, Septic shock -
Sepsis with 1) Vasopressor for MAP >/= 65mmHg,
Serum lactate > 2mmol/L, Age >/ =18 years, Patients
diagnosed with sepsis elsewhere and referred and
Patients giving written informed consent were
included in the study. While Patients who do not meet
sepsis-3 criteria, Patients who developed sepsis as a
secondary diagnosis during their hospital stay,
Patients less than the age of 18, chronic kidney
disease, chronic liver disease patients, Patients on
Metformin with nephropathy, Muscle disorders,
Patients having cardiac arrest at presentation, Trauma
patients, Pregnant patients and Patients or relatives
not giving consent for the study were excluded from
the study.

The study was started upon approval by the
institutional ethics committee. Patients diagnosed as
sepsis or septic shock and satisfying inclusion
criteria, admitted in the ICU of the Medicine
Department were selected. Detailed history taken
especially to rule out comorbidities included in
exclusion criteria. Vitals at the time of presentation
were noted. Necessary blood investigations like

complete hemogram, urine routine, liver function
test, renal function test, electrolytes, blood culture
were done. Serum lactate level and albumin level at
the time of admission tested. Lactate levels after
24hours of admission repeated for calculating
clearance. Patients are followed throughout their
hospital stay to determine the development of organ
failure — need for dialysis or mechanical intubation
and in hospital mortality. Serum lactate to albumin
ratio and 24hour lactate clearance calculated.

Data will be entered into MS Excel and coded, further
analysed using SPSS software. Categorical variables
are presented as frequency with percentages and
continuous variables are presented as mean +/- SD.
Categorical data analysed by Chi square test or
Fischer’s exact test. A p-value of 0.05 or less will be
considered statistically significant. ROC curve will
be generated for lactate and lactate /albumin ratio.
Patient stratified into 2 groups — survivors and non
survivors. Receiver operating characteristic curve
(ROC), will be used to obtain the Lactate/albumin
ratio cutoff with the best sensitivity and specificity to
discriminate between survivors and non survivors
among sepsis patients. Sub group analysis will be
done to look at the area under ROC curve of both
lactate clearance and L/A ratio in patients requiring
dialysis and mechanical intubation.

RESULTS

The mean age among Group A(survivors) was 45.92
+ 14.67 years and among Group B(non-survivors)
was 59.56 + 16.75 years, which was statistically
significant. (p < 0.05). In our study mortality was
higher in the aged population. The numbers of males
and females among Group A(survivors) were 54.87%
and 55.13% respectively and in Group B(hon-
survivors) were 56.67% and 43.33% respectively.
There were a greater number of male patients
(56.67%) among Nonsurvivors in our study. The
mean Lactate level at admission and L/A ratio was
significantly high among those who expired in our
study. (p = 0.0001).

Table 1: Basic characteristics.

Group A (Survivors) (n =113) | Group B (Non-Survivors) (n =60) | P-value
MEAN AGE (years) 45.92 + 14.67 years 59.56 + 16.75 years <0.001
GENDER
Male 62 (54.87%) 34(56.67%) 0.892
Female 51(55.13%) 26(43.33%)
Lactate level on admission (mmol/L) 2.59+£0.95 5.42 +1.39 <0.001
Albumin level (gm/dL) 341+£0.48 2.78+0.48 <0.001
Lactate/Albumin ratio 0.78 £0.34 1.99 + 0.62 <0.001

The mean Lactate level at admission and L/A ratio
was significantly high among those who expired in
our study. (p = 0.0001). In our study, the cut off value
for predicting mortality, for L/A ratio was 1.42 with
a sensitivity of 100% and specificity of 96.4%, and
the cut-off value for lactate at admission was 4 with
a relatively lesser accuracy.

The need for mechanical ventilation and dialysis was
more in GROUP B(Nonsurvivors). i.e. 80% and 75%

respectively in our study. While among Group A
(survivors) it is 19% and 14% respectively.

The cut-off value of the L/A ratio was 1.33 and
Lactate clearance was 14 for predicting the need for
mechanical ventilation, in our study. In our study, the
L/A ratio had excellent predictive validity in
predicting the need for mechanical ventilation i.e.
secondary outcome, compared to Lactate clearance as
specified by the AUC of 0.904 (95% CI: 0.8482 -
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0.9402; p-value 0.0001) In our study, the L/A ratio
had excellent predictive validity in predicting the
need for Dialysis i.e. secondary outcome, compared
to Lactate clearance as specified by the AUC of

0.9087 (95% CI: 0.854 -0.943; p=0.0001). The cut-
off value of the L/A ratio was 1.27 and Lactate
clearance was 14 for predicting the need for Dialysis,
in our study.

Table 2: Overview of cutoff values for predicting outcome

Figure 1: ROC curve for Lactate level and
Lactate/Albumin ratio at admission with mortality

al ventilation at 24 hrs Dialysis

B Survivors  Nonsurvivors

Figure 2: Need for mechanical ventilation at 24hrs and
Dialysis

DISCUSSION

Anaerobic glycolysis caused by insufficient oxygen
delivery has been attributed as the pathophysiology
for lactic acidosis in sepsis. But it's now evident that
hypoxic tissue injury is not the only cause of
hyperlactatemia in sepsis; other factors also play a
role.lt4

Endogenous adrenaline stimulates beta 2 receptors,
especially in skeletal muscles, which results in a
lactate rise in sepsis. Increased glycolysis is produced
as a result of this stimulation, producing more
pyruvate than the cell mitochondria can utilize via the

Mortality i.e. Nonsurvivors Need for mechanical Need for Dialysis
ventilation
Parameter Cutoff AUC P Cutoff AUC p Cutoff AUC p
value value value
SOFA 10 0.9113 0.0001 - - - - - -
L/A ratio 1.42 0.997 0.0001 1.33 0.904 | 0.0001 1.27 0.908 0.0001
Lactate at admission | 4 0.96 0.0001 - - - - - -
Lactate at 24hrs 2.9 0.941 0.0001 - - - - - -
Lactate clearance - - - 14 0.778 0.0001 14 0.7398 0.0001
ROC Curve of Outcome TCA cycle. Lactate is produced from excess
o Vant pyruvate.[t
( Rise in lactate levels indicated endogenous
- 80% -
£ catecholamine release. Hence lactate can be used to
{;; o identify patients who are experiencing occult shock
2 Criterion but are nevertheless maintaining their vital signs
* onl Z et oirnio because of a strong endogenous catecholamine
2 response. Elevated lactate levels, therefore, aid in the
2 identification of individuals who need more intensive
care since they are more likely to experience
- , , decompensation.**!
O 2O B0 8% 0% Liver is the primary organ involved in metabolism of
False Positive Rale (1-Specificity)

lactate, followed by the kidney. Liver dysfunction
and acute renal injury contribute to lactate elevation
in sepsis, especially septic shock, by decreased
clearance of lactate.[*4]

One of the main cytokines released during sepsis,
TNF alpha, has the ability to directly block albumin
synthesis at the transcriptional level, which leads to
hypoalbuminemia.l*® The half-life of intracellular
newborn Fc receptors is increased by albumin
binding.*8l

However, the Fc receptor is downregulated in sepsis,
which reduces the half-life and further contributes to
hypoalbuminemia.l*”l One class of negative acute-
phase reactants is albumin. Serum albumin escapes
into the interstitial space and capillary permeability
increases as a result of cytokines generated during
sepsis, particularly TNF-alpha.l*® Albumin serves as
the primary extracellular scavenger in the
interstitium. The redox activity is made possible by a
free thiol group produced from cysteine. Serum
albumin is present in a reduced form in the body,
which contributes to its antioxidant properties. Serum
albumin that has been oxidized degrades more
quickly than albumin that has been reduced. ]
Combining serum lactate and albumin measurements
to create the lactate albumin ratio may help predict
prognosis of critically ill patients more accurately,
especially among sepsis patients. In order to evaluate
the prognostic value of the L/A ratio as a biomarker
of hospital mortality in sepsis patients relative to
lactate, as well as its prognostic value in need of
mechanical ventilation and dialysis, this research had
been performed among 173 patients who had sepsis.
While comparing the demographic details of the
study population it was noted that the mortality was
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higher in the elderly population. There was a greater
number of male patients (56.67%) among non
survivors in our study. Among non survivors, the
mean values of L/A ratio were significantly high. A
high L/A ratio is related to high mortality rates,
similarly, a low level of albumin also leads to
increased mortality according to this study.
According to the AUC of 0.997, the L/A ratio had
superior predictive validity in predicting mortality
when compared to the lactate level at admission
individually

When it came to predicting the need for mechanical
ventilation, the L/A ratio outperformed lactate
clearance. In this study, the threshold values for
predicting the need for mechanical ventilation were
14 for lactate clearance and 1.33 for L/A ratio.
Compared to lactate clearance, the L/A ratio had
superior predictive validity in predicting the need for
dialysis, as indicated by the AUC of 0.9087
(95percent CI: 0.854 -0.943; p-value 0.0001). For
predicting the need for dialysis, the cut-off values for
the L/A ratio and lactate clearance were 1.27 and 14,
respectively.

Overall, the L/A ratio was found to be statistically
significantly more accurate in predicting mortality,
the need for mechanical ventilation, and the need for
dialysis in our study.

According to an investigation by Chebl et al., the L/A
ratio is a more accurate predictor of mortality.2%
Additionally, a study by Makram et al. discovered
that the L/A ratio has a strong positive predictive
value for predicting mortality in patients with
sepsis.[?l

In their research, Lichtenauer et al. demonstrated that
in sepsis patients, a high L/A ratio is associated with
a higher risk of organ failure.??

Similarly, Biao Wang et al. proposed that in patients
with sepsis, a high L/A ratio is linked to multiorgan
failure.[*

To optimize clinical decision-making and to identify
individuals at high risk of death, the LAR may be
useful as advised by Yoon et al. (0.680 cut-off
value).?4

E Cakir et al observed that the L/A ratio was a more
robust indicator of mortality among ICU sepsis
patients than either lactate or albumin alone.?® A
simple but potentially useful metric for severely sick
individuals is the lactate/albumin ratio.

A study by GT Altun et al also suggested that the
lactate albumin ratio is a better predictor of in-
hospital mortality compared to lactate alone.[?]

CONCLUSION

The findings from this study underscore the
importance of the Lactate/Albumin (L/A) ratio as a
more accurate and reliable biomarker compared to
lactate levels alone for predicting hospital mortality,
the need for mechanical ventilation, and dialysis in
patients with sepsis. Our research shows that the L/A
ratio has superior prognostic value, as evidenced by

its significant correlation with poor outcomes among
Nonsurvivors. The elevated L/A ratio, coupled with
reduced albumin levels and lactate clearance,
distinctly marked the Nonsurvivors group,
highlighting the potential of this metric in clinical
decision-making and patient stratification. The
observed mortality trends in older populations,
coupled with a higher incidence of severe outcomes
such as the need for mechanical ventilation and
dialysis, emphasize the vulnerability of these groups
to septic complications. The statistically significant
differences in mean lactate levels and the L/A ratio
between survivors and non survivors affirm the
critical role of early biochemical assessment in
identifying at risk patients. Specifically, our cut-off
values for lactate and the L/A ratio provide practical
thresholds for anticipating patient needs and
adjusting therapeutic approaches accordingly. Our
results align with previous studies suggesting the L/A
ratio's efficacy as a predictive tool. The high area
under the curve (AUC) values for the L/A ratio
indicate its robust sensitivity and specificity, making
it a valuable addition to current sepsis management
protocols. The data advocate for the routine
incorporation of the L/A ratio in clinical assessments
to improve patient outcomes, particularly in intensive
care settings where timely interventions are crucial.
In conclusion, the L/A ratio emerges as a vital
prognostic marker that can enhance the prediction of
severe  outcomes in  septic  patients. Its
implementation in routine clinical practice could lead
to earlier and more precise interventions, potentially
reducing mortality and morbidity rates. Continued
investigation into this and other emerging biomarkers
will be crucial for advancing sepsis care and
improving patient prognosis. Compared to isolated
lactate levels, we find that the L/A ratio is a more
reliable indicator of hospital mortality, the need for
mechanical ventilation, and the need for dialysis in
septic patients.

Limitations

This study is single-centre design.

The sample size is small and can therefore affect the
generalizability of the results.
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