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Abstract
Objective:To determine the correlation between initial lsvef lactate and 30-day mortality rate in suspisiou
cases of sepsis in pediatrics.
Methodology. Study was prospective observational conductexh 850 patients. The study was held among
patients of pediatrics department of Nishtar haspiultan. Patients of sepsis were included inghaly and
were tested for the hypothesis that there is img@aisk of mortality with serum lactate levels mdhan
36mg/dL rather than when levels are less than 3émgFor this, different measurements were taken and
compared at different levels of lactate among thegepts with sepsis. SPSS version 24 was usedatyzad
data and student t-test and chi-square test wdsdgp see association among variables. P val@Ge05 was
taken as significant.
Results There were 60% (n=105) males and 40% (n=70) fesn&omorbidity, oncologic, nononcologic, none
and central line present was observed as 74.9981)=27.4% (n=48), 45.1% (n=79), 32.6% (n=57) aBadl%
(n=41) respectively. Organ dysfunction, hypotensibematologic, hepatic and renal was noted as 27.4%
(n=48), 14.9% (n=26), 17.7% (n=31), 0.6% (n=1) 4686 (n=28) respectively. While, the mean age, heae
systolic blood pressure, temperature and pulse etxjymof the 3-day hospital mortality patients wa$134.03
years, 143.21+2.54 bpm, 109.12+3.68 mm Hg, 38.@&-1C and 93.69+2.78 respectiveyonclusion when
serum level of lactate is more than 36mg/dL, higk of mortality is present but with less senigtiviA record
of initial levels of lactate may prove to be usefulnitial risk detection in sepsis in pediatrics.
Keywords: Lactate, Mortality, Children, Sepsis

Introduction

About more 70000 US Children every year are afféddy severe pediatric sepsis. mortality rates range
between 5-10% inside the hospital [1]. The failitr@ecognize the sepsis in children at an earlgestas led to
avoidable mortality [2]. Since the public has shogmeat concern in the matter of treatable mortalityhas
compelled the government to formulate laws for ¢hee of pediatric sepsis and has led to the dexedop of
nationwide quality rectification plans for the peeNion of sepsis in neonates by the Children’s Hakp
Association and American Academy of Pediatrics [8]great difficulty in this regard is caused by itied
diagnostic techniques and trouble in determinirggetusive clinical definitions [4].

An effective method for the emergency treatmeradhilts suffering from sepsis is measuring the verievels
of lactate and it has proved to be "pay-for-perfnge metric" [5]. Whereas high levels of lactateais
component of adult septic shock definition. there \earious factors related to the elevated levéla@ate in
sepsis; they include anaerobic glycolysis due trehsed tissue perfusion, bioenergetic feedbaskpsis and
diminished clearance which leads to the increasedyztion of lactate [6,7]. When the venous levidbotate is
more than 36mg/dL, it increases the risk of mastah adults, whereas better results have been shnnthe
application of lactate measurements [8]. Deterngriime levels of lactated has proved to be propstiaith
regards to the prognosis and monitoring the benefitesuscitation [9].

Other than just being a biomarker, the brisk veoret in these levels are strongly prognostic duiimgjal
treatment of pediatric sepsis. There is reservemimientation regarding the applicability of deteration of
initial levels of lactate, thence its utility inghguidelines for pediatric sepsis is not approvdis study has been
carried out to establish if the early venous lewdltactate in crises of pediatric sepsis is reldtethe mortality
within 30 days interval [10]. An early level of sen lactate more than 36mg/dL is hypothesized instbdy to
be affiliated with higher mortality rates ratheraththe concentration at 36mg/dL or less. As a didsi
investigation, determination of clinical resultstive patients organized by levels of lactate wasedo

Methodology

The study design was a prospective observationatliofcal sepsis formulated to guide the quality of
amendment work. It was approved by the relatedaaitids.the study was carried out at emergency dieyant

of Nishtar hospital, Multan. The emergency depanihwmde consisted of incitement procedure for isps
cases of sepsis. It included a protocolized assotrof instruments and added members and arranget! Gt
standard processes to be used rapidly for the fizadtuof IV access, antibiotic administration, fluigsuscitation,
along with clinical therapeutics. Testing for laetas recommended however clinicians have the aiyhto
override the given sequence upon their own judgment
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Study included all the patients registered in thesss recognition and treatment registry in theéggeof initial
45 months of surgery. The exclusion criteria inelddhose patients less than 60 days old or gréfader 18
years, transfer of patient separate medical caitya or those patients whose serum levels ofdtewere not
measured during initial 8 hours of arrival in EDclusion criteria was based on the assessmentvefsi@f
venous lactate. the fundamental end result wasaltitgrtates due to all causes within the hospitay safter 30
days of arrival in ED. The supplementary outconmsprised of hospital stay more than 3 days, adtnation
of vasoactive agents, ICU stay more than 2 daygs daent on the ventilator, days treated with veiboa
agents.

The primal exposure was an early level of venoetata more than 36mg/dL. patients having their usno
lactate levels calculated within the initial 48 h®were given due consideration. the initially maed levels of
lactate were considered only. The levels were deterd on the basis of adult data having lactatelé&emore
than 36mg/dL considered a risk factor for mortaliys a supplementary evaluation, levels of lactatze
termed as high >36mg/dL, intermediate 18-36mg/dhgd dow <18mg/dL and expressed as apt variables.
Approved instruments were used to measure thed®fdhctate. Medical literature was utilized tdedenine the
covariates, containing variables belonging to sskring in pediatric infectious and adult sepsis.ofder to
determine the aspect of bowel ischemia, operatages and death were analyzed again to establiah if
abdominal origin of sepsis was present, and thaoaiinal root was taken as the covariate in theyambf
multivariable. In the case of missing lab invediigas and values, to determine the organ dysfunctievels
were attributed not beyond the clinical confinesaasustomary clinical practice. SAS software wasdut®
analyze the data. For the statistics of continn@u@bles and percentage and frequency of catedaéciables,
recognized definitive figures were recorded withirdian range. SPSS version 24 was used to analywmsh
and SD was calculated for numerical variables dige, systolic blood pressure, heart rate, temperatd pulse
oximetery. Qualitative data was analyzed for fremyeand percentages like gender and comorbidiiesdent
t-test and chi-square test was applied to see iatiemcamong variables. P valge).05 was taken as significant.

Results

A total number of 100% (n=350) patients were eemablin this study, both genders. This study washéurt
divided into two equal groups i.e. 50% (n=175) acle The mean age, heart rate, systolic blood wress
temperature and pulse oximetry of the patientatadevel<36 mg/dL was 7.28+4.31 years, 142.07+4.09 bpm,
108.20+3.76 mm Hg, 38.99+2.09 °C and 96.08+2.6peaetvely. There were 64.6% (n=113) males and 35.4%
(n=62) females. Comorbidity, oncologic, Nononcotygione and central line present was observed 48677
(n=135), 36.6% (n=64), 41.7% (n=73), 34.3% (n=60) 24.6% (n=43) respectively. ED organ dysfunctjona
cardiovascular, hematologic, hepatic and renal maed as 29.1% (n=51), 24% (n=42), 12.6% (n=22)%®.
(n=17) and 4.6% (n=8) respectively. While, the meage, heart rate, systolic blood pressure, temyrerand
pulse oximetry of the patients lactate level >36dhgvas 9.16+5.37 years, 156.04+4.79 bpm, 109.282-+41m

Hg, 39.35+2.63 °C and 95.85+2.86 respectively.réheere 58.3% (n=102) males and 41.7% (n=73) fesnale
Comorbidity, oncologic, nononcologic, none and canline present was observed as 72% (n=126), 14.3%
(n=25), 14.9% (n=26), 54.9% (n=96) and 29.1% (n=&kpectively. ED organ dysfunctiona, cardiovasgula
hematologic, hepatic and renal was noted as 26r8847), 25.1% (n=44), 10.3% (n=18), 15.4% (n=27) and
5.1% (n=9) respectively. The differences were stigtilly significant of age (p=0.000), heart rape=d.000),
oncologic (p=0.000), nononcologic (p=0.000) anden{m=0.000). (Table. 1).

The mean age, heart rate, systolic blood pressemgerature and pulse oximetry of the survivedepativas
5.7314.41 years, 142.62+2.54 bpm, 109.12+3.68 mm 38g06+1.95 °C and 96.01+1.98 respectively. There
were 60% (n=105) males and 40% (n=70) females. Cloidity, oncologic, nononcologic, none and cenlira
present was observed as 74.9% (n=131), 27.4% (p=2B)1% (n=79), 32.6% (n=57) and 23.4% (n=41)
respectively. Organ dysfunctiona, hypotension, helogic, hepatic and renal was noted as 27.4% ()n=48
14.9% (n=26), 17.7% (n=31), 0.6% (n=1) and 16% @)F2spectively. While, the mean age, heart rattplc
blood pressure, temperature and pulse oximetnhef3tday hospital mortality patients was 8.11+4y8ars,
143.21+2.54 bpm, 109.12+3.68 mm Hg, 38.06+1.96 1€ 23.69+2.78 respectively. There were 66.9% (n¥117
males and 33.1% (n=58) females. Comorbidity, orgicloNononcologic, none and central line presens wa
observed as 94.9% (n=166), 54.3% (n=95), 45.7% )n=B3% (n=4) and 23.4% (n=41) respectively. Organ
dysfunctiona, hypotension, hematologic, hepatic esthl was noted as 46.3% (n=81), 32% (n=56), 39.4%
(n=69), 1.1% (n=2) and 9.1% (n=16) respectivelye Tifferences were statistically significant of ge0.000),
systolic blood pressure (p=0.000), temperature @30, pulse oximetry (p=0.000), comorbidity (p=@0Y,
oncologic (p=0.000), none (p=0.000), organ dysfiamet (p=0.000), hypotension (p=0.000) and hematolog
(p=0.000).
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Table. 1 Study Population Demographics and InitieClinical Characteristics by Lactate Level

Characteristics Lactate Level <36 | Lactate Level >36 mg/dL | P Value
mg/dL (n=175) (n=175)

Gender

Male 64.6% (n=113) 58.3% (n=102) 0.227

Female 35.4% (n=62) 41.7% (n=73)

Age (years) 7.28+4.31 9.16+5.37 0.000

Heart rate, bpm 142.07+4.09 156.04+4.79 0.000

Systolic blood | 108.20+3.76 109.22+4.82 0.028

pressure, mm Hg

Temperature, °C | 38.99+2.09 39.35+2.63 0.158

Pulse oximetry 96.08+2.64 95.85+2.86 0.439

Comorbidity 77.1% (n=135) 72% (n=126) 0.269

Oncologic 36.6% (n=64) 14.3% (n=25) 0.000

Nononcologic 41.7% (n=73) 14.9% (n=26) 0.000

None 34.3% (n=60) 54.9% (n=96) 0.000

Central line | 24.6% (n=43) 29.1% (n=51) ¥*=0.93,p=0.335

present

ED organ | 29.1% (n=51) 26.9% (n=47) 0.634

dysfunctiona

Cardiovascular 24% (n=42) 25.1% (n=44) 0.804

Hematologic 12.6% (n=22) 10.3% (n=18) 0.502

Hepatic 9.7% (n=17) 15.4% (n=27) 0.107

Renal 4.6% (n=8) 5.1% (n=9) 0.804

Table. 2 Study Population Demographics and InitieClinical Characteristics by Mortality Status

Characteristics | Survived | 3-day hospital mortality | P value
Gender
Male 60% (n=105) 66.9% (n=117) 0.183
Female 40% (n=70) 33.1% (n=58)
Age (years) 5.73+4.41 8.11+4.03 0.000
Heart rate, bpm 142.62+2.54 143.21+2.54 0.048
Systolic blood | 109.12+3.68 109.12+3.68 0.000
pressure, mm Hg
Temperature, °C | 38.06+1.95 38.06+£1.96 0.001
Pulse oximetry 96.01+1.98 93.69+2.78 0.000
Comorbidity 74.9% (n=131) 94.9% (n=166) 0.000
Oncologic 27.4% (n=48) 54.3% (n=95) 0.000
Nononcologic 45.1% (n=79) 45.7% (n=80) 0.915
None 32.6% (n=57) 2.3% (n=4) 0.000
Central line | 23.4% (n=41) 23.4% (n=41) 1.0
present
Organ 27.4% (n=48) 46.3% (n=81) 0.000
dysfunctiona
Hypotension 14.9% (n=26) 32% (n=56) 0.000
Hematologic 17.7% (n=31) 39.4% (n=69) 0.000
Hepatic 0.6% (n=1) 1.1% (n=2) 0.562
Renal 16% (n=28) 9.1% (n=16) 0.053
Discussion

Increased levels of lactate are a typical presemtaif shock when consumption of oxygen becomesepnt
dependant on the delivery of oxygen. In such caskyels prove to be efficient biological markensda
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prognostic tool. As stated by Okorie N et al [1i¢ tevels of lactate represent a measurement atiéquate
perfusion and tissue hypoxia". It has been supgdoie observation as well as clinical experimentatiib is

observed that increased levels of lactate can derded as "screening tool" and they assist indbatification

of patients having underlying hypoperfusion ofuiss before the onset of symptoms.

The normal levels of lactate in the serum are fotanble 2mmol/L. hence, Varis E et al [12], foundttpatients
with plasma levels >2mmol/L at the time of admissisuffered high "90-day mortality". While patieftaving
persistently elevated lactate levels, at 72 hoax dn even greater 90-day mortality rate. It waseoked that
time-weighted mean value of lactate at the poirit2hours and the elevated lactate levels werecided with
90-day mortality independently. Further clinicatearch is encouraged in this regard to determimenibrtality
rate in patients with septic shock.

A study performed by --anony [13]showed that thiera correlation between increased levels of leaftiumin
and the progression of MODS as well as mortalityhim patients suffering from septic shock and sgepsis.
Lactate/albumin levels were said to be "indepengeadictor" of MODS in the period of ICU stay. Thesere
predicted to be directly proportional to the "Ackteysiology and Chronic Health Evaluation Il scole’shows
that if the lactate levels are predetermined, fr@ye to be useful in predicting the mortality saie the cases of
severe sepsis.

A similar study carried out by Adam J. et al [14¢luded the patients of same age and gender asagvsthme
levels of lactate and severity of sepsis and SO&@gkes At the end of the study, upon administrabériPOC
lactate, it was found that there was remarkabldirde¢he mortality rate and the ICU admissionswHs
concluded that introduction of POC lactate levedfcalation in emergency department among patieritis w
severe sepsis, not only buys time to test the tesmd administer IV fluids but also brings abougignificant
decrease in the rate of mortality and admission€uh

A study conducted by Chertoff J et al [15], demoatsd that in septic patients, the lower levelgplaisma

clearance were associated with high rates of 38-dayrtality and it requires the administration af@pressors
in such patients. The authors refer these levelssaBil measurements for directing the treatmetdtan sepsis.
Furthermore, research is advised to determine tidenlying process and targets for better clearafidactate

levels in late sepsis to decrease the mortaligsrahd increase the possibility of better outcomes.

A retrospective cohort study by Filho R et al [18}s showed that increased risk of mortality wa®eiased
with early levels of lactate greater than 2.5mmalipatients with septic shock or severe sepsigh&
emergency department. It should be focused onntperitance of decreased levels of lactate as iiativié clue
for resuscitation in the severely ill patients tbe prevention of morbidity and mortality. Simikarlit was
observed by Scott H et al [17], the risk of pemgtorgan dysfunction decreases with lactate rditeion
within four hours. The study found out that theatieinship between normalization of lactate leveld declining
risk of organ dysfunction remains in the groupsihgunitial levels of lactate less than 2mmol/L rdpwith
hypotension. The study suggested that a seriegasuanements of lactate levels in such patientspraye to be
a "useful prognostic tool" in the resuscitationidgrthe first few hours of sepsis in pediatrics.

In a systemic review done by Puskarich M [18] itswseen that for the patients admitted in the emesge
department, with suspicion of infection, intermeéitevels of lactate were correlated with "modetatéigh-
risk mortality”. The authors describe that out @0&2 patients having intermediate levels of lacthateéng their
infection, 1672 patients expired. It was advisedtf® physicians to closely monitor such patiedtsi@ with
vigorous treatment strategies.

The levels of serum venous lactate are a "promigsigstratification tool" as claimed by Shairo Nat [19].

they found that rate of mortality increases witbr@ase in serum lactate levels. It was based onlikervation
that out 4.9% of deaths occurred in patients hawilgly elevated serum lactate levels, while fordamtely
elevated levels of lactate, the mortality rate ®8&s, similarly patients having severely elevateddte levels
experienced 28.4% mortality. The sensitivity oftée levels for any death was calculated to be B6ew
specificity was found to be 92%. It is suggestedt tiefore starting the clinical maneuvers, the canispn of
lactate levels must be made.

Another study [20] determines the correlation betmvearly lactate levels and rate of mortality bemveepsis in
pediatric presented to the emergency departmesetsitidy emphasizes the usefulness of testing éaletegls in
the emergency rehabilitation of sepsis managenmepediatrics. Furthermore, the study confirms thevious
researches upon the relationship of initial lewdl$actate and organ dysfunction as well as thetatity rates.
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Further research is appreciated to determine ttiertmutcome in the management of sepsis by theunement
of lactate levels.

Conclusion

When serum level of lactate is more than 36mg/ddh hisk of mortality is present but with less siity. A
record of initial levels of lactate may prove to teful in initial risk detection in sepsis in palics. Further
research must be carried out to determine the imgsfsl of measurment of initial lactate levels idesrto have
better outcome in pediatric sepsis.
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