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ABSTRACT

Background

Majority of intensive care unit patients with Sepsis undergo ischemic- reperfusion injury and
inflammation to varying degrees during their hospitalization. Uric acid may be a factor
playing a role in these processes since it has both oxidant and antioxidant properties. Since
high levels of oxyradicals and lower antioxidant levels in patients with sepsis are believed to
result in multi organ failure,

Objective

hence we intend to measure uric acid levels as a marker of oxidative stress in patients with
sepsis.

Methods

In this prospective study spanning over 12 months, 75 patients admitted in Intensive medical
care unit who were more than 18 years old, with a clinical diagnosis of sepsis based on the
quick SOFA (qSOFA), within the first 24 hours of IMCU admission were enrolled. Known
case of kidney disease, gout or were on drugs causing hyperuricemia were excluded.

Results

The median age of the study group was 55.37 years in the study population, 56% of the
patients belonged to 30-65 years age group. About 42.7% of the study population with sepsis
had hyperuricemia (uric acid>7mg/dl). Among the hyperuricemia patients, 75% developed
AKI; 40.6% developed ARDS and 81.25% of them had prolonged duration of stay (>72
hours).

Conclusion

This study demonstrates that Hyperuricemia can be potentially used as a marker of severity of
illness as well as predictor of morbidity in patients with clinically diagnosed sepsis in the
IMCU.
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Introduction

Sepsis is a serious medical condition characterized by a whole-body inflammatory state
(systemic inflammatory response syndrome) and the presence of a known or suspected
infection that has severe consequences. Hence majority of intensive care unit patients
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undergo ischemic-reperfusion injury and inflammation to varying degrees during their
hospitalization[1].

Risk factors for the progression from infection to organ dysfunction are not well
understood, but may include underlying health status, organ function prior to infection, and
timeliness of treatment. Age, sex, and race/ethnicity influence the incidence of sepsis, which
is highest at both younger and older age groups, higher in males than females, and higher in
blacks than whites. The difference in risk of sepsis by race is not fully explained by the
socioeconomic factors or access to health care, raising the possibility that other factors, such
as genetic differences among individuals in susceptibility to infection or in expression of
proteins necessary for the host response, may play a role[1]. It has been shown that early
initiation of treatment in sepsis has reduced the morbidity and mortality resulting from
infection[2].

Uric acid passes through the liver, enters the blood stream and most of it excreted in
urine[3]. Oxidative stress is a poor prognostic sign in case of patients with sepsis as multi
organ[3] dysfunction occurs as a result of high oxygen free radicals[4,5]. Increased levels of
serum uric acid causes acute activation of many transcription factors in patients with severe
infection and is a poor prognostic sign in case of severe infection. Strong association has been
found for elevated serum wuric acid levels with atherosclerosis[6,7], hypertension,
hyperinsulinemia[8,9] and chronic kidney disease[10]. Chronic conditions are also associated
with elevated serum uric acid.

Hence this study was conducted to bring out the correlation between hyperuricemia in
clinically diagnosed sepsis patients and morbidity and mortality and also to find out the
correlation between hyperuricemia in sepsis patients and acute kidney injury, ARDS and
duration of stay in medical intensive care patients.

MATERIALS AND METHODS

This was a prospective study with Patient enrolment spanning 12 months from September
2018 — August 2019, All consecutive patients who were eligible based on the inclusion
criteria of more than 18 years old and admitted in the IMCU with a clinical diagnosis of
sepsis based on the quick Sequential Organ Failure Assessment (QSOFA)[11] score and after
obtaining necessary consent - except for pregnant females, known case of kidney disease,
patients who have already been in IMCU in an outside facility for more than 24 hrs , known
case of gout and patients on drugs causing hyperuricemia,- were enrolled for this study.
Ethical committee clearance was got from Institutional Ethical Committee of our hospital
(Ref.N0.010/ME1/2018).

75 patients who were gSOFA score based on three parameters; glasgow coma scale,
systolic blood pressure and respiratory rate, assigning one point each to: Low blood pressure
SBP <= 100 mmHg; High respiratory rate (>=22 breaths per minute) and GCS <15 were
studied.

Clinical proforma for the study including demography was meticulously collected
from the study participants. History of comorbidities such as Diabetes mellitus (Type | and
I1),Cerebrovascular accident, Tuberculosis, Malignancy, Mental retardation were collected.
Basic vitals at admission heart rate, respiratory rate, blood pressure, oxygen saturation were
recorded. Thorough general and systemic examination performed.

Blood samples were then obtained for uric acid, urea, creatinine, complete blood
count, serum electrolytes and chest x-ray was taken. The patient’s creatinine at admission to
IMCU was taken as the baseline value. Hyperuricemia was defined as value more than 7
mg/dl in males and females. Parameters such as requirement of mechanical ventilation, Acute
kidney injury (as defined by KDIGO), Acute respiratory distress syndrome and duration of
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stay in the IMCU were noted. Outcome of the sepsis event was classified as either death or
discharge from the intensive care unit.

RESULTS
In this study population, the median age was 55.37 years with 56% belonged to 30-65 years
age group; 52% were males and only 36% had no comorbidities. This has been depicted in
the table 1.

Table 1: Demographic profile of study participants (n=75)

Variable Category Number | Percentage | P value
Male 39 52
Gender Female 36 8 0.351
< 30years 5 6.7
Age Group 30-65 years 42 56 0.992
>65 years 28 37.3
Type Il Diabetes Mellitus 32 42.7
Decompensated Liver disease 4 5.3
Type | Diabetes Mellitus 3 4
- Mental retardation 3 4
Co-Morbidity Systemic Hypertension 2 2.7
Cerebro vascular Accident 2 2.7
Tuberculosis 1 1.3
NO Co-morbidities 27 36

Among the 75 study participants, 32 had elevated uric acid levels (>7 mg/dl) which
constitutes about 42.7%,(95% Confidence Interval= 31.21% - 54.12%) whereas 43 patients
constituting 57.3% had normal uric acid levels.

61% succumbed to sepsis while the remaining got discharged. The study participants
were found to develop acute kidney injury, acute respiratory distress syndrome as the major
complications. Our study aims at understanding the correlation between hyperuricemia and
the secondary end points like AKI& ARDS. (Table 2)

Table 2: Frequency of the study variables (n=75)

Variable Categories Number Percentage
. : (Hyperuricemia) >7 32 42.7
Uric Acid <7 3 573
Duration of stay in ICU > 72 hrs 41 54.7
(Intensive care Unit) <72 hrs 34 453
AKI 29 38.7
C licati ARDS 15 20.0
omplications AKI & ARDS 09 12.0
Nil Complications 22 29.3
Outcome _ Death _ 46 61.3
Discharged Alive 29 38.7

This study aims at understanding the correlation between hyperuricemia and the prolonged
duration of stay in hospital. Among patients with hyperuricemia, 81.25% required intensive
care for more than 72 hours and the other way, among the patients who stayed in the
intensive care for >72 hours, 63.41% had elevated Uric acid levels. 34.88% of patients with
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normal uric acid levels required intensive care stay for more than 72 hours. Majority of the
hyperuricemic patients among sepsis study population had prolonged duration of stay in
hospital which signifies increased morbidity. (Table 3)

One of the end points of this study is the outcome of patients status with regards to
sepsis and its relation to hyperuricemia. In this study, it was found that out of the 32 patients
with hyperuricemia, 23 had expired which constitutes 71.9% and 9 were discharged which is
28.1%. However, this was not statistically significant (p=0.151).

On correlating hyperuricemia with occurance of complications like AKI & ARDS,
AKI was significantly higher in the hyperuricemia group. 75% of the septic patients with
hyperuricemia developed AKI. The percentage of septic patients with normal uric acid levels
developing AKI was 32.5%. Also, among the patients who developed AKI, 58.6% had
hyperuricemia and 41.4% had normal uric acid levels. Similarly, 40.6% of patients with
hyperuricemia developed ARDS whereas it was only 25.5% in the normal uric acid levels
group. p value was found be statistically significant with a value of <0.001. (Table3)

In this study, 32 patients were on mechanical ventilation in the intensive care unit.
This constituted to 42.7% of the study population. Sepsis patients developing ARDS were 24
in number within the study population. Out of which, 20 patients were mechanically
ventilated (83.3%). The correlation between mechanical ventilation and complications in the
patients was found to be statistically significant (p value <0.001).

Table 3: Association of Study Variables with Hyperurecemia (n=75)

n Hyperuricemia p value
<30 years 5 2 (40.0%)
Age Group 30-65 years 42 18 (42.9%) 0.992
> 65 years 28 12 (42.9%)
Male 39 19 (48.7%)
Gender Female 36 13 (36.1%) 0.351
. . > 72 hrs 41 26 (63.4%) «
Duration of stay in ICU =72 hrs 31 06 (17.7%) <0.001
AKI 29 17 (58.6%)
. ARDS 15 06 (40.0%) i
Complications AKI & ARDS 09 07 (77.8%) <0.001
Nil Complications 22 02 (09.1%)
Death 41 23 (56.1%0)
Outcome Discharged Alive | 34 09 (26.5%) 0.151

*.Chi Square test; T Fischer’s Exact

DISCUSSION
In this study, we report that elevated uric acid levels on arrival to the IMCU in patients with
sepsis are associated with a poor prognosis; that is, an increased risk for AKI, ARDS, marks
an increased duration of stay in the IMCU. Sepsis is a condition of increased pro
inflammatory cytokines and oxidative stress thereby increases the antioxidants in the body to
counterbalance. This altered level of antioxidant defence leads to immune dysfunction and
poor outcomes. . In a systemic inflammatory response, both endothelial cells and neutrophils
are activated to release oxygen-derived free radicals[12]. And any resultant life threatening
conditions is thought to be mainly due to the oxyradicals and that the imbalance in redox state
reflects both oxidative stress and tissue damage[13,14]

Serum uric acid, like other antioxidants such as albumin, bilirubin, or vitamins A, C,
and E, is a powerful free radical scavenger. Uric acid increases in response to acute oxidative
stress[15,16] and hence uric acid is believed to be an important marker of oxidative stress.
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The mechanisms for increased uric acid are not well understood. Generally it is thought to
due to both increased production as well as decreased excretion in sepsis.

Severe sepsis and septic shock may induce free oxygen radical damage as well as
ischemic changes, that further increases the change in xanthine/hypoxanthine to uric acid by
activation of xanthine oxidase in microvascular endothelium[17,18]. When there is
accumulation and deposition of Uric acid in the blood vessels, the release of vasorelaxation
factors is hampered[4], vasoconstriction is interfered, leading to a series of
pathophysiological processes and dysfunction of internal organs especially the kidney.
Development of AKI during sepsis increases patient morbidity, predicts higher mortality, has
a significant effect on multiple organ functions, is associated with an increased length of stay
in the intensive care unit, and hence consumes considerable healthcare resources

The first important finding of our study is that hyperuricemia is associated with AKI
in patients with early sepsis. When AKI develops, then it causes poor prognosis

Usually the patients with sepsis are a very complex subset of population who have
MODS and bad prognosis and are usually very sick patients. Hemodynamic changes, changes
in the functional capacity of the heart and liver, exposure to multiple medications and
numerous other factors causes development of AKI in these patients. Among these factors,
uric acid can also contribute to development of AKI. The mechanism by which uric acid
causes AKI can range from indirect injury secondary to the release of vasoactive mediators
and oxidative stress to crystal induced direct tubular toxicity. Uric acid induced renal
vasoconstriction due to catecholamine release activation of renin-angiotensin system, release
of pro-inflammatory markers, oxidative stress and decreased nitric oxide levels, in turn
causes AKI.

Nitric oxide release of endothelial cells is profoundly decreased by uric acid[19].
Khosla et al. [20] have revealed a decrease in plasma nitrites (metabolites of NO) in rats with
hyperuricemia by allopurinol. Zoccali et al.[21] have demonstrated a correlation between
high uric acid levels and dysfunction of endothelium[22]. Various pro-inflammatory markers
such as MCP and CRP are increased as a response to inflammation induced by uric acid. Uric
acid stimulates an inflammatory response via increasing various pro-inflammatory markers
such as MCP and CRP.

In spite of having both antioxidant and oxidative properties, it appears that in periods
of significant degrees of stress such as sepsis uric acids’ protective antioxidative
properties[23] get overwhelmed and that despite increased levels of oxidative stress leading
to increased uric acid levels the uric acid is more injurious than beneficial to the human body.
Hence uric acid may be an early marker of impending AKI in patients with sepsis and could
be used to predict the risk for AKI in sepsis patients

The second important finding of our study was that hyperuricemia noted in the septic
population correlated with an increased probability of having the patient still in the MICU at
72 hours. This again suggests that uric acid can be considered as an early and single marker
and can help predict that those with an elevated uric acid level at initial presentation are more
likely to be still in the IMCU at 72 hours versus those with a uric acid level less than 7mg/dL.

Thus raising thoughts that will treatment of hyperuricemia improve patient outcomes
and decrease length of stay in the IMCU? In our study we found that although there was a
high incidence of ARDS noted in this septic patient population, there was no statistically
significant association of hyperuricemia with ARDS but was shown by Aljmor et al[24].
Thus although uric acid levels may be used to predict the severity of illness, duration of stay
in IMCU, and risk for AKI, it was not significant enough to predict the incidence of ARDS

This could potentially be due to the small patient population that we had for our study,
especially since increasing uric acid levels have been reported by Nagaya et al.[25] to
correlate with clinical severity of primary pulmonary hypertension and has an independent
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association with long-term mortality of patient with primary pulmonary hypertension. This
was most likely due to the small sample size. Regarding the outcome of septic patients,
though there was a slight increase in mortality among the hyperuricemic individuals with
sepsis than those with normal Uric acid levels, it was statistically significant to prove the
point. One statistically significant end point was the correlation between mechanical
ventilation and ARDS and AKI. It was statistically significant to see increased mechanical
ventilation among patients with ARDS

CONCLUSION

This study demonstrates that Serum Uric acid may be potentially used as a marker of severity
of illness as well as predictor of mortality and morbidity in patients with clinically diagnosed
sepsis in the IMCU. This study recommends further studies on a large cohort with matched
controls to confirm the observations.
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