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Correlation of the changing trends of red cell distribution width
and serum lactate as a prognostic factor in sepsis and septic

shock
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Abstract

Background and Aims: Various biomarkers are used for predicting outcome from sepsis and septic shock but single value
doesn’t give clear-cut picture. Changing trends of serum lactate and red cell distribution width (RDW) gives more accurate
information of patient outcome. So, aim of this prospective observational study was to identify the correlation, for initial and
changing trend of blood lactate level and RDW, with 28-day mortality in sepsis and septic shock.

Material and Methods: Patient who fulfills the criteria of sepsis and septic shock, according to the consensus conference
published in 2016, were included in this study. All patients were resuscitated and managed according to institutional protocol
for sepsis and septic shock. Serum lactate and RDW was obtained from arterial blood gas and complete blood count, respectively.
Serum lactate and RDW were recorded at 0 h, 6 h, 24 h, day 2, day 3, day 7, week 2, and week 3. Mean between two groups
were compared with student t-test. Pearson and Spearman correlation coefficient was used for establishing correlation between
two continuous data. P value < 0.05 indicates significant difference between two groups.

Results: There is positive correlation between serum lactate and RDW at all-time point in non-survival group while negative
correlation was found in survival group except on dayl and 2.

Conclusion: Changing trends of serum lactate and RDW can be used as a prognostic marker in patient of sepsis and septic shock.
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Introduction

Sepsis is defined as life-threatening organ dysfunction initiated
by a dysregulated host response to infection.'* Septic shock is
defined as a subgroup of sepsis with circulatory and cellular/
metabolic dysfunction associated with a higher risk of mortality.
BB1 Both severe sepsis and septic shock are the foremost causes
of morbidity and mortality worldwide, with mortality rates

approaching 20—30% in the most recent clinical trials. ¢!

In clinical practice, various biomarkers are used for diagnosing
and predicting outcome from sepsis but none of them have very
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good specificity to differentiate sepsis from other inflammatory
disorders. In clinical practice, they are widely used for monitoring
of the severity of infectious process or for ruling out infections.
These biomarkers have prognostic implications; increasing
levels are associated with poor outcome and vice versa.

Since long time blood lactate levels are used as a surrogate
of tissue hypoperfusion in critically ill patients admitted to
intensive care unit (ICU).7 Current guidelines for severe
sepsis and septic shock recommended that patient with an
initial blood lactate level above 4 mmol/L should be promptly
resuscitated.!"” Many studies also suggest that lower elevation
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of blood lactate levels are also associated with increased risk of
death.” Therefore, optimal lactate cutoff that should trigger
resuscitation in critically 1ll patients still remain unclear.

Red blood cell distribution width (RDW) is a measure of
red blood cell size heterogeneity. RDW is the well-established
prognostic biomarker in various cerebrovascular and
cardiovascular diseases such as heart failure, acute pulmonary
embolism, acute coronary artery disease, stroke, etc.!'''®
Few studies also indicated that high RDW in patients with
community-acquired pneumonia; severe sepsis and septic
shock are associated with increased mortality.!'”'") These
studies also suggested that high RDW level had a very close
relationship with poor prognosis, indicating that patients with

high RDW level need increased focus in clinical practice.

In this study, our objective was to identify the correlation, for
initial and changing trend of blood lactate level and RDW, with
28-day mortality among medical patients with sepsis or septic
shock admitted to the ICU from the emergency department.

Material and Methods

After institutional ethical committee approval and written
informed consent from patient’s relative, the present study was
conducted from Feb 2017 to Feb 2018. Total 60 patients of
age group of 18—70 years who fulfill the criteria of sepsis and
septic shock according to the consensus conference published
in 2016 were included in this study. Most common cause
of sepsis was pneumonia, abdominal sepsis, urosepsis, and
pancreatitis. Exclusion criteria include patient refusal, chronic
condition which elevate RDW and serum lactate level (like
chronic liver disease, tropical diseases), and readmission to
[CU within a single hospital stay.

After the admission in ICU, patients were attached with
standard monitors, baseline parameters recorded and treatment
was started according to ICU protocol. Arterial and central
venous line was inserted and blood samples were obtained for
lactate and RDW, respectively. Serum lactate was obtained
through the arterial gas analysis (analysis by cobas b 221 blood
gas system) and RDW was obtained from complete blood
count (analysis by Beckmann coulter). Further sampling for
lactate and RDW was done at 6 h, 24 h, and days 2, 3, 7
and at the end of week 2 and 3. Other relevant investigations
were sent according to patient’s condition. Twenty-eight days
mortality was considered as a primary outcome.

Data analysis

The statistical analysis was done using SPSS version 16.
Chi-square test used for categorical variable and student’s t-test
was used for comparing means of the two groups. To correlate two

continuous data Pearson and Spearman Correlation coefficient
was used. P value <0.05 was considered as significant.

Results

Out of 78, 60 patients completed the study [Figure 1].
Baseline parameters including age, sex, and hemodynamic
parameters were comparable between survival and non-survival
groups except acute physiologic assessment and chronic health

evaluation-II (APACHE II) score which was statically
significant between two groups [Table 1].

Serum lactate was significantly higher in non-survival
group comparing to survival group at 24 h and
thereafter (P < 0.05) [Table 2]. Comparison of RDW
between survival and non-survival was statically significant
at all-time intervals except at 3 weeks [Table 3].

There was negative correlation between serum lactate and
RDW at 0 h, 6 h, 24 h, day 7, weeks 2 and 3 while positive
correlation on days 2 and 3 but statically not significant in
survival group [Table 4 and 5]. In non-survival group, positive
correlation was found at all-time intervals and it was statically

significant at 24 h, day 2 and 3 [Table 4 and 5].

Mean duration of ICU stay was significantly higher in
survival group compared to non-survival (13.38 % 6.73 vs.

9.70 = 5.28 days) (P < 0.05) [Figure 2].

Discussion

In non-survival group, positive correlation was found between
serum lactate and RDW at all-time intervals might be
because of higher baseline and persistent rise in RDW and
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Figure 1: Flow chart of patient studied
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Table 1: Demographic profile and baseline parameters
between survival and non-survival group

Table 3: Comparison of red cell distribution width between
survival and non-survival patient at different time interval

Parameters Survival (n=16) Non-survival (n=44) P
Age 37.25+16.91 35.07x14.41 0.622
Sex

Male 43.8% 47.7%

Female 56.2% 52.3%
APACHE 11 18.56+3.55 26.77+8.50 <0.001
SBP 106.19+13.18 106.23+24.30 0.995
DBP 63.25+14.09 59.23+14.58 0.344

Data presented as mean=SD or number (%). P<0.05 considered as significant.
SD=Standard Deviation. APACHE: acute physiology and chronic health
evaluation; SBP: Systolic blood pressure; DBP: Diastolic blood pressure

Table 2: Comparison of serum lactate between survival
and non-survival patient at different time interval

Parameter Survival Non-survival t P
(n=16) (n=44)

Lactate O h 6.68+2.62 7.63+£3.27 —1.036 0.305
Lactate 6 h 4.90+2.23 6.08+2.47 —-1.665 0.101
Lactate 24 h 1.83+0.74 3.13+1.43 —-3.359 0.001
Lactate 2™ day 1.35%+0.61 3.76x1.51 —-5.996 <0.001
Lactate 3" day 1.23+0.59 3.81+1.68 —5.182 <0.001
Lactate 7 day 0.87+0.07 3.64+1.05 —7.382 <0.001
Lactate 2™ week  1.30+0.17 3.69+0.92 —4.340 0.001
Lactate 3 week  0.90+0.01 3.87+1.10 —-3.613  0.036

Data presented as mean=SD. P<0.05 considered as significant. SD: Standard
deviation

serum lactate. This is supported in previous study by Kim
et al. which states that the ascending trend of RDW in the
first 72 h of admission is associated with an unfavorable
prognosis.?%! Previous study by Jo et al. reported that RDW
was significantly higher in non-survival group in patients with
sepsis and septic shock.?" Serum lactate and RDW at 0 h and
6 h were statistically non-significant maybe because of no rise
in the RDW level before 24 h. On days 1, 2, and 3 statistically
significant positive correlation was found, which can be
explained by rise in RDW and persistent hyperlactemia.

In survival group, negative correlation was found most
of the time which can be explained by augmented lactate
clearance. Puskarich et al.’s study showed that early lactate
normalization (within 6 h) was a predictor of survival in
patients being treated for sepsis and septic shock.??! Another
previous study of Bakker et al. showed that lactate clearance
measured 24 h after admission was a significant predictor
of in-hospital mortality.””® In survival group, serum lactate
decreasing trend towards normal value in comparison to
non-survival group where serum lactate level was decreasing
from initial level but hyperlactemia persisted for longer
duration (6 h, 24 h). This shows lactate clearance was more
in survival group as compared to non-survival group.

Parameter Survival Non-survival t P
(n=16) (n=44)

RDW 0 h 14.86+0.43 16.49+1.56 —-4.118 <0.001
RDW 6 h 14.90+0.46 16.55+1.52 —-4.240 <0.001
RDW 24 h 15.06%0.36 16.88+1.32 —5.244 <0.001
RDW 2% day 15.31 0.65 17.24+1.25 —5.495 <0.001
RDW 3" day 15.28+0.65 17.36+1.25 —-5.927 <0.001
RDW 7% day 15.34+0.45 17.67+1.10 —-5.410 <0.001
RDW 2™ week  15.30+0.17 18.25+1.55 —-3.193 0.007
RDW 3“4 week  15.00+0.00 18.57+2.51 —1.896 0.131

Data presented as mean=+SD. P<0.05 considered as significant. RDW: Red cell
distribution width

Table 4: Correlation between serum lactate and RDW in
survival and non-survival patient at different time interval

Parameters Survival Non-survival
r P r P

Lactate vs. RDW
Lactate vs. RDW O h —0.347 0.188 0.087 0.574
Lactate vs. RDW 6 h -0.351 0.183 0.126 0.416
Lactate vs. RDW 24 h -0.311 0.259 0.464 0.002
Lactate vs. RDW 2™ day 0.290 0.315 0.584 0.000
Lactate vs. RDW 3% day 0.452 0.105 0.672 0.000
Lactate vs. RDW 7% day -0.715  0.071 0.097 0.629
Lactate vs. RDW 2™ week —1.000  0.000 0.386 0.215
Lactate vs. RDW 3™ week - - 0.720 0.280

Data presented as a Spearman correlation coefficient () and Pearson correlation
coefficient (P). Correlation coefficient value ranges from —1 to+1.
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Figure 2: Comparison of mean duration of ICU stay between survivor and
non-surviersurvivors

In our study, there was no significant increase in RDW in
initial 24 h, but after 24 h, significant increase was found in
RDW in both the groups and more increase in non-survival
group than survival group. Most of the studies showed that
high RDW level was associated with the likelthood of poor
outcome. Lorente et al.?* demonstrated that RDW levels on
days 1, 2, 3, and 7 were associated with prognosis in septic
patients. This meant that dynamic observation of RDW levels
seemed more valuable in clinical practice.

Limitation of study
Our setup 1s tertiary care center; hence, patients rarely come
from direct community; most of the patients were referred from
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Table 5: Cutoff value of serum lactate and RDW
at different time interval from receiver operating
characteristics curve

Test result Area P Cutoff Sensitivity Specificity
variable value

Lactate O h 0.548 0.570 6.85 54.5 50.0
RDW O h 0.874 0.000 15.0 86.0 81.2
Lactate 6 h 0.631 0.083 2.2 84.6 73.3
RDW 6 h 0.884 0.042 15.35 90.9 88.7
Lactate day 1 0.848 0.053 3.0 84.6 73.3
RDW day 1 0.947 0.027 15.4 90.9 88.7
Lactate day 2 0.967 <0.001  1.95 97.7 85.5
RDW day 2 0.944 <0.001 15.5 97.5 85.7
Lactate day 3 0.983 <0.001 1.78 95 85.7
RDWday3  0.954 <0.001 16.0 92.7 92.9

P value of <0.05 considered as significant

other hospitals so they were more seriously ill and had received
some form of treatment. Also, we did not use a definite

antibiotic protocol common to all patients for treatment, so
the bias due to treatment heterogeneity cannot be ruled out.
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