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ABSTRACT

Background and Objective: Neonatal necrotising enterocolitis (NEC) is a severe neonatal gastrointestinal disease
associated with high morbidity and mortality. The present systematic review and meta-analysis examined if blood
lactate could be used in the discrimination and prognosis of NEC.

Methodology: PubMed, Embase, Scopus, and Web of Science databases were searched for relevant studies from the
database inception to 26 January 2026. Diagnostic studies comparing lactate levels between NEC and control groups
were pooled using standardised mean differences (SMDs). Prognostic studies evaluating mortality were pooled using
odds ratios (ORs) under a random-effects model.

Results: Nine studies were included, comprising four diagnostic and five prognostic studies. Lactate levels were
significantly higher in neonates with NEC compared with controls (SMD = 1.66, 95% Cl 0.78-2.55 12 = 93%). In prognostic
analyses, higher lactate levels were associated with an increased risk of mortality, but the pooled effect did not reach
statistical significance (OR = 1.30, 95% Cl 0.92-1.83; 12 = 75.8%). In the sensitivity analysis, excluding one study led to
a statistically significant association between higher lactate levels and NEC mortality.

Conclusions: This review suggests that lactate levels are significantly higher in neonates with NEC as compared
with controls. However, while elevated lactate tends to be associated with increased mortality risk, substantial
heterogeneity and limited evidence preclude its use as a standalone prognostic marker. Further research is needed to
strengthen the present conclusions.
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Necrotising enterocolitis (NEC) is a critical and severe
gastrointestinal emergency mostly seen in preterm
and low-birth-weight neonates.! Despite important
advancements in neonatal intensive care, NEC has been
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can rapidly progress to intestinal necrosis, sepsis, and
multiorgan failure.>* The heterogeneity in presentation
requires researchers to develop reliable biomarkers
for early diagnosis and effective risk stratification.®
The pathophysiology of NEC is multifactorial and
complex. A number of factors are involved like intestinal

* Pre-submission Review: February 17, 2026 immaturity, dysregulated inflammatory response,
* Received for Publication: March 04, 2026 microbial imbalance, and impaired tissue perfusion.®
* Revision Received: May 07, 2026 Research has noted that intestinal ischemia and systemic
* Revision Accepted: May 16, 2026 hypoperfusion are important contributors to the
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pathogenesis and progression of the disease.” Impaired
oxygen delivery causes anaerobic metabolism and lactate
accumulation, which can be an indicator of cellular
hypoxia and metabolic stress.® In this context, blood
lactate levels have gained importance in recent time, as
a readily available biomarker that may be used to assess
the severity of NEC.

Recent studies have shown that neonates with NEC
have elevated lactate levels compared with non-NEC
controls, indicating that lactate may serve as an adjunctive
biomarker to identify affected infants.” Nonetheless,
differences in the included patient cohorts, timing of
lactate assessment, and analytical techniques has led to
variable results, thereby preventing stong evidence on the
discriminative ability of lactate in NEC. In addition to this,
lactate has also been explored as a prognostic indicator.
Multiple cohort studies have indicated that higher lactate
concentrations are correlated with increased mortality,
with non-survivors showing high levels.!*!!

However, the robustness and independence of this
association has remained uncertain in literature. To date,
no detailed quantitative synthesis is available that has
evaluated the discriminative and prognostic relevance
of lactate in neonatal NEC. Since lactate is an easily
available investigation, it can be used by both clinicians
and nursing personnel for rapid discrimination and
prognosis of NEC. Therefore, this systematic review and
meta-analysis aimed to compare lactate levels in neonates
diagnosed with NEC to those in control populations and
to examine the association between elevated lactate levels
and mortality.

METHODOLOGY

Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines were followed in
the reporting of this review.!? The review was registered
on PROSPERO (CRD420261292430).

Eligibility criteria: We included observational analytical
studies assessing the discriminative ability and prognostic
significance of lactate levels in NEC. Included studies
were those which included neonates diagnosed with NEC
based on standardized clinical or radiological criteria
and reported blood lactate concentrations. For assessing
discriminative ability, studies were to compare lactate
levels between NEC-affected neonates and NEC non-
affected control groups. In case of prognostic evaluation,
studies were to report mortality data based on lactate
levels, either by comparing survivors and non-survivors
or by providing effect size by means of odds ratios (ORs)
or hazard ratios (HRs). Both prospective and retrospective
cohort and case-control designs were eligible. We
excluded review articles, conference abstracts, studies
without sufficient quantitative data, animal studies, and
studies with overlapping populations.

Search and selection of studies: A comprehensive
systematic search was performed by two reviewers
independently across the four major electronic databases
of PubMed, Embase, Scopus, and Web of Science, from
their inception to 26 January 2026. Details of the search
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strategy are shown in Supplementary Table-I. The
reference lists of included articles were also manually
screened to identify further important studies. Following
the removal of duplicates, titles and abstracts of
remaining studies were independently reviewed by
two investigators (HS & YL). The full-text evaluation
was then conducted for studies found fit to be eligible.
Discrepancies regarding study inclusion were resolved
via discussion and consensus. Studies fulfilling the
predefined eligibility criteria were then classified into
those assessing discriminative ability and prognosis.
Data management: Data were independently collected
by two reviewers utilizing a standardized data
extraction form. Variables extracted encompassed study
characteristics, including author, publication year,
country, and study design, population details, NEC
definition, sample size, gestational age, birth weight,
timing and modality of lactate measurement, lactate
concentrations and their units, as well as reported
effect estimates concerning mortality. In studies on
discriminative ability, lactate data were extracted for both
the NEC and control groups. In studies on prognosis,
data were obtained separately for survivors and non-
survivors. When lactate values were reported as medians
with interquartile ranges or ranges, they were converted
to means and standard deviations using established
statistical methods.” Lactate units were standardized to
mmol/L where necessary.

Risk of bias analysis: The methodological quality and
risk of bias of the included studies were independently
assessed by two reviewers using the Newcastle-Ottawa
Scale.* Studies were assessed for selection of cohort,
comparability and outcome assessment. Two reviewers
conducted the process and resolved disagreements
through discussion.

Statistical analysis: Meta-analyses were conducted in
‘R’ software. We used the random-effects model using
the DerSimonian-Laird method. In studies examining
discriminative ability, standardized mean differences
(SMDs) with Hedges’ correction and 95% confidence
intervals (Cls) were calculated to compare lactate
levels between NEC and control groups. For studies on
prognosis, ORs with 95% CIs were used to pool data.
When HRs were reported, they were assumed to be
equivalent to ORs to facilitate exploratory data pooling.
Effect estimates were log-transformed prior to analysis.
Statistical heterogeneity was examined by the Cochran’s
Q test and I? statistic. Sensitivity analyses was done by
removing each study one at a time to assess the stability
of the pooled estimates. Publication bias was not assessed
due to limited number of studies in each analysis.
Certainty of evidence was assessed by GRADE approach.

RESULTS

Search results: There were 438 studies found from the
four databases. After removing duplicates, 160 studies
remained. Twenty studies were selected for full text
analysis of which nine met the inclusion criteria®!1>2

(Fig.1).
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Fig.1: Study flowchart.

Study characteristics: The baseline characteristics of
the studies are shown in Table-I and Table-II. Most
studies used a retrospective cohort design. NEC was
mostly defined based on modified Bell’s staging
criteria. The control group in the studies consisted of
neonates without NEC. In studies on discriminative
ability, lactate levels were measured at different time
points. Prognostic studies evaluated lactate either
as a continuous variable or using study-specific
thresholds. Based on the Newcastle-Ottawa Scale,
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the included studies had low to moderate risk of bias,
with scores ranging from six to nine (Supplementary
Table-II).

Diagnostic value of lactate in NEC: Four studies
evaluated lactate levels in neonates with NEC compared
with control populations. In the random-effects meta-
analysis, lactate levels were significantly higher in
neonates with NEC compared with controls (SMD =
1.66, 95% CI 0.78-2.55). However, heterogeneity was
substantial (I> = 93%) (Fig.2). On sensitivity analysis,
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Table-I: Baseline data of studies assessing discriminative value of lactate in NEC.

Baseline variable Karakurt 2026 Li 2025 Ahmed 2020 Lei 2016
Country Turkey China Egypt China
Study design Retrospective cohort Retrospective cohort Prospective cohort Prospective cohort
Group NEC Control NEC Control NEC Control NEC Control
Sample size (n) 27 90 71 167 55 23 27 69
. 31.9 33.1
g\fsteal‘:sl;’“al e | 281+21 | 284423 | (29.6- (30.7- 333%8; 3%2%* 351+26 | 343+17
33.7) 35.4) ’ ’
1405 1800
Birth weight sl E | - | (1355 NR NR | S| AT
& & 1840)g | 2270) g ~8 V8

Male sex (%) 55.6 53.3 66.2 59.9 63.6 65.2 59.3 56.5
Postnatal age at 16.85 = 14.30 £ 151+18 | 123+29
sampling NR NR Day1 Day1 6.34 days | 6.41 days days days

Bell stage Bell stage Bell Bell stage
NEC definition & NA & NA stages NA J NA

> ]I =11 II-11I
I-1I

Arterial Arterial Venous Venous Venous Venous
Sample type blood gas | blood gas Blood Blood blood blood blood blood
Timing of Postnatal | Postnatal | Daylof | Daylof | Atdiag- | Atenroll- Within 24 | Weeks
lactate measure- . . - h of NEC 2-3 of

days1-3 | days1-3 life life nosis ment .
ment onset life
Lactate value* 359+ 1.70 = 039+ 0.04 +
mmol /L 52+47 4+3 31+126 | 1.5+£0.74 0.84 0.4 032 0.02

NEGC, necrotizing enterocolitis; NR, not reported; NA, not applicable.

*Median (Interquartile) data was converted into mean and standard deviation.

no change in the significance of results was seen.
Certainty of evidence was very low (Supplementary

Table-III).

Prognostic value of lactate for mortality in NEC:
Five studies examined the association between

lactate levels and mortality in neonates with NEC.

Table-SI: Search Strategy for Databases.

PubMed ((“Enterocolitis, Necrotizing”[Mesh] OR “necrotizing enterocolitis” OR NEC) AND (neonate OR newborn
OR infant)) AND (lactate OR lactic acid OR hyperlactatemia)

Embase (‘necrotizing enterocolitis’/exp OR ‘necrotizing enterocolitis’ OR NEC) AND (neonate OR newborn OR
infant) AND (‘lactic acid’/exp OR lactate OR hyperlactatemia)

Scopus (TITLE-ABS-KEY (“necrotizing enterocolitis” OR NEC) AND TITLE-ABS-KEY (neonate OR newborn OR
infant) AND TITLE-ABS-KEY (lactate OR “lactic acid” OR hyperlactatemia))

Web of Science (TS=("necrotizing enterocolitis” OR NEC) AND TS=(neonate OR newborn OR infant) AND
TS=(lactate OR “lactic acid” OR hyperlactatemia))
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Table-II: Baseline data of studies assessing the prognostic value of lactate in NEC.

Baseline vari-

able Han 2025 Huang 2025 Kuik 2022 Wang 2023 Kordasz 2022
Country China China Netherlands China Switzerland
Study design Retrospective cohort Retrospective cohort Retrospective cohort Retrospective cohort Retrospective cohort

. Non-survi- . Non-survi- , Non-survi- , Non-survi- , Non-survi-
Group Survivors Survivors Survivors Survivors Survivors

vors vors vors vors vors
NECdefini- | popyimr | Belllim | Bell2Wb | Bellzlb | Beizim | Betzm | SO0 | D0 popon | Benzn
tion P77 .x P77 x
Sample size 129 39 41 18 11 11 95 9 129 28
Gestational 26.9 27.0
age (weeks) 32 (26-40) | 30 (25-39) NR NR (263-293) | (26.1-28.3) NR NR 32.0(5.1) 27.0 (5.3)
1630 (800- | 1340 (610- 900 (750- | 1105 (670- 2.08 170 1480 (750)
Birth weight 3950) g 2800) g NR NR 1250) g 1170) g ﬁ.%wlmw.um.v ﬁ.wﬂﬁw.@mv . 855 (955) g
Male sex (%) 62.8 64.1 NR NR 55 55 65 89 NR NR
Ageatdiag- | 15 g 75y g | 14 (1-83)d NR NR 9(6-12)d | 9(6-12)d NR NR 8(11)d | 11(132)d
nosis / onset
Timing of lac- | p4py pre- | <24hpre- | AtNEC | AtNEC | <24hpre | <24hpre- | WorstICU | WorstICU | ‘Atomset | Atonset
tate measure- . . . . 1 1 / during / during
ment surgery surgery diagnosis diagnosis surgery surgery value value NEC NEC
Lactate value 22 4.1 5.8 79 11 4.6 2.75 5.10 (3.00-
(mmol/L) (0.7-11.2) (1.6-15.0) (4.1-6.9) (6.3-9.8) (1.0-1.6) (2.8-8.0) (2.10-3.58) 19.00) 21(18) 3.95 (4.38)
Lactate cutoff 3.15 3.15 54 54 Continu- Continu- Per 1 Per1 3.8 3.8
/ modeling mmol/L mmol/L mmol/L mmol/L ous ous mmol/L mmol/L mmol/L mmol/L
. HR1.18 OR1.70 OR 0.55 OR 145 OR 3.8

Effect estimate | Reference (1.05-132) Reference (1.08-2.66) Reference (032-0.97) Reference (1.05-2.00) Reference (14-10.0)
>&cmﬁ.m d Yes Yes Yes Yes Yes Yes Yes Yes No No
analysis

NR, not reported; d, days; ICD, international classification of diseases.
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Fig.3: Meta-analysis of prognostic ability of lactate in predicting mortality in NEC.
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Table-SII: Risk of bias assessment of included studies using the Newcastle-Ottawa Scale (NOS).

Study Selection (%/4) Comparability (%/2) Outcome / Exposure (%/3) Total score (%*/9)
Lei 2016 Yk k * * * 6
Ahmed 2020 * ok k * * %k 6
Li 2025 >k Kk k * ok * %k 8
Karakurt 2026 %* %k Kk * * 7
Han 2025 2888 ¢ * * %k k 9
Huang 2025 * %ok * %k * %k 7
Kuik 2022 % %k * ok 6
Wang 2023 * %ok * %k * %k 7
Kordasz 2022 % %k Kk * * 7
In the random-effects meta-analysis, higher lactate DISCUSSION

levels were associated with an increased risk of
mortality. However, the pooled effect did not reach
statistical significance (OR = 1.30, 95% CI 0.92-1.83).
Substantial heterogeneity was observed (I2 = 75.8%)
(Fig.3). During sensitivity analysis, exclusion of
the study of Kuik et al.’® resulted in a statistically
significant association between high lactate levels
and mortality in NEC (OR = 1.48, 95% CI 1.10-
1.99, I2 = 64%). Certainty of evidence was very low
(Supplementary Table-III).

Table-SIII: GRADE assessment of evidence.

Lactate levels Prognostic ability

No. of studies 4 5

Downgrade quality of evidence

Risk of bias Very serious* Very serious*®
Inconsistency No No
Indirectness No No
Imprecision Serious” No

Publication bias

Upgrade quality of evidence

Large effect No No
Plausible . No No
confounding

Dose-response No No

Overall certainty

of Evidence Very low

Very low

*NOS score ranged from 6-8 for majority included studies,
AWide Confidence intervals.
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This review is the first in literature to examine the
discriminative and prognostic importance of lactate
levels in NEC. Our results show that neonates with NEC
have a significantly higher lactate level as compared to
controls. This supports the hypothesis that lactate could
be a biomarker of intestinal hypoperfusion and metabolic
stress seen with NEC. Nonetheless, the findings should
be interpreted with caution due to the high heterogeneity
in the included studies. Although elevated lactate levels
were generally found to be associated with higher risk
of mortality in NEC, the combined effect size did not
achieve statistical significance. Notably, sensitivity
analysis showed that after excluding one study®, there
was a statistically significant association between
elevated lactate levels and mortality.

NEC often has an insidious onset, lacking specific
diagnostic methods. The disease progresses rapidly,
causing serious complications in a short period.’
Consequently, identifying risk factors during the
prenatal and early neonatal stages is important
for developing strategies to reduce morbidity and
mortality.*® In this context, blood-based biomarkers
could be important for both detecting and
prognosticating NEC.'? Early signs of NEC often similar
to those of sepsis or feeding intolerance, which limits
the accuracy of clinical examination and radiographic
findings in the initial phases for accurate diagnosis.®
Circulating biomarkers can provide an objective and
easily accessible method to detect the underlying
physiological processes of NEC like reduced blood
flow, inflammation, and metabolic stress, often before
clinical symptoms become apparent. These markers
may also provide information on the disease severity,
response to treatment, and the risk of adverse outcomes,
including the need for surgery or mortality.’®!® The
advantage of blood-based biomarkers is that they
can be measured repeatedly at the bedside, allowing
clinicians to monitor disease progression and promptly
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adjust treatment strategies. Of the various markers,
lactate is particularly valuable due to its widespread
availability and established role in critical illness.??

The current study has provided high-quality
evidence on the importance of lactate in NEC. It was
noted that lactate could be a potential biomarker for
both discriminating and assessing prognosis NEC.
The sensitivity analysis also indicated that higher
lactate levels may be associated with an increased
risk of mortality in NEC. The role of lactate noted in
NEC is similar to other critical conditions, like sepsis,
mesenteric ischaemia, and shock states, wherein
lactate is a marker of tissue hypoxia and disease
severity rather than identifying the disease per se.”
Lactate is among the most frequently used biomarkers
for sepsis diagnosis, especialy in the emergency
departments. Guidelines have suggested that lactate
levels may be a proxy for assessing the severity of
circulatory dysfunction and monitoring the progress
of resuscitation. However, as a biomarker, lactate
lacks specificity because numerous factors can affect its
systemic levels, and therefore guidelines only provide
weak recommendations for its use.* Literature also
shows that the median serum lactate level is higher in
patients with acute mesenteric ischaemia than in those
with non-ischaemic disease, and lactate levels may
be used to assess the prognosis in these patients.??
A recent study by Lau et al.?? has shown that lactate
can help predict mortality in patients with necrotising
fasciitis, and combining it with albumin may provide
even better predictive performance.

A key finding of this meta-analysis was the high
heterogeneity across studies in both the analyses.
This heterogeneity is mostly from the significant
clinical and methodological differences seen in the
included studies, like variations in study populations
(preterm-only versus cohorts with mixed gestational
ages), disease severity, case definitions, timing of
lactate assessment, and the the methods used to model
lactate levels (continuous variables or threshold-
based cut-offs). Such heterogeneity is expected, in
view of the typically abrupt disease onset and highly
variable clinical course. The substantial heterogeneity
suggests that the pooled estimates should be regarded
as indicative of the overall direction and magnitude
of effects and should be interpreted with caution.
Although conducting subgroup and meta-regression
analyses could have provided information on the
potential sources of heterogeneity, the limited number
of eligible studies prevented such stratified analyses.
Therefore, our inability to perform more detailed
analyses reflects an inherent limitation of the available
evidence rather than a methodological flaw of this
review.

The high lactate levels in NEC is reflective of the
various pathophysiological mechanisms associated
with the onset and progression of NEC. Intestinal
ischemia combined with compromised systemic
perfusion are hallmarks of NEC. They cause a
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metabolic shift toward anaerobic pathways, leading
to increased lactate production at the cellular level."
Disruption of the immature microcirculation within
the intestine further worsens the mucosal hypoxia,
causing epithelial damage, disturbed barrier function,
and bacterial translocation, thereby elevating the
inflammatory and metabolic stress response.® The
rising lactate concentrations may also serve as early
indicator of developing intestinal hypoperfusion prior
to the clinical manifestation or definitive radiographic
evidence and may help in early diagnosis.® The
high lactate levels are also indicative of the extent
and severity of tissue injury, systemic inflammatory
response, and multiorgan dysfunction, which may
help identify patients at elevated risk for disease
progression, surgical intervention, and mortality.?

Limitations: Firstly, the number of studies in the
review was very relatively small. Due to this we could
not conduct a comprehensive subgroup analyses or
meta-regressions to assess the source of heterogeneity.
Secondly, high heterogeneity was noted in the included
studies They included different patient populations,
there was difference ins NEC severity, timing of lactate
assessment, lactate subtypes, and statistical techniques,
all of which may have affected pooled estimates.
This limits the applicability of the findings across
various clinical settings. Thirdly, the predominance of
retrospective study designs is associated with potential
biases related to patient selection and residual
confounding. Fourth, lactate levels were frequently
measured at only a single time point. Only serial
assessments can provide more detailed information
related to disease progression and prognosis. Fifth,
the present analysis combined studies reporting HR
and OR which may not be exactly coherent since HR
is a time-dependent assessment. The present analysis
also combined studies with lactate as a continuous
and categorical thresholds. These approaches also
capture different aspects of risk and are not directly
comparable. This may have contributed to the observed
heterogeneity and influenced the pooled estimates.
Therefore, the findings of this meta-analysis should
be regarded as exploratory rather than confirmatory.
Lastly, due to the small number of studies, we could
not assess publication bias.

Strengths of the study: It is the first study in literature
to provide combined evidence on the ability of lactate
to discriminate NEC and also synthesis evidence on
its prognostic role. The results of this meta-analysis
indicate that blood lactate levels may function as a
supplementary biomarker while assessing neonates
suspected of or diagnosed with NEC. Elevated lactate
concentrations could help physicians as well as
nursing personnel to identify infants at increased risk
of disease progression and adverse outcomes when
evaluated with clinical findings and imaging results.
Nonetheless, due to heterogeneity among studies and
the limited diagnostic information on lactate, it should
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not be used as the sole diagnostic criterion for NEC.
Instead, its primary clinical application should be to
stratify risk and monitor disease progression, especially
via serial assessments that guide prompt escalation
of treatment and surgical decision-making. Given its
simplicity, nursing personnel can incorporating lactate
measurements into their domain that could improve
early detection and prediction of clinical outcomes in
NEC.

CONCLUSIONS

This review suggests that lactate levels are
significantly higher in neonates with NEC as compared
with controls. However, while elevated lactate tends to
be associated with increased mortality risk, substantial
heterogeneity and limited evidence preclude its use as
a standalone prognostic marker. Further research is
needed to strengthen the present conclusions.

Recommendations: Further, prospective studies
providing data on diagnostic accuracy are needed
to assess the sensitivity and specificity of lactate
for diagnosis of NEC. Future studies should also
standardize data analysis and provide adjusted data
to better elucidate the prognostic ability of lactate for
NEC.

REFERENCES

1. Motsisim S, Ballot DE. A review of necrotising enterocolitis in very
low birth weight babies in a tertiary hospital in Johannesburg. Afr J
Paediatr Surg. 2023;20:59-66. doi: 10.4103/ ajps.ajps_156_21

2. Kelleher ST, Coleman ], McMahon CJ, James A. Outcomes and
characteristics in term infants with necrotising enterocolitis and CHD.
Cardiol Young. 2024;34:1232-1238. doi: 10.1017/51047951123004249

3. Basuguy E, Okur MH, Arslan S, Ozturk H, Aydogdu B, Azizoglu
M. A comparison of loop and split stoma for the management of
various congenital and acquired gastrointestinal disorders requiring
colostomy: An analysis of complications and outcomes. Pak ] Med
Sci. 2025;41:2784-2789. doi: 10.12669/ pjms.41.10.12083

4. CaiX, Liebe HL, Golubkova A, Leiva T, Hunter CJ. A Review of the
Diagnosis and Treatment of Necrotizing Enterocolitis. Curr Pediatr
Rev. 2023;19:285-295. doi: 10.2174/1573396318666220805110947

5. Wang L, Li Y, Liu J. Diagnostic value and disease evaluation
significance of abdominal ultrasound inspection for neonatal
necrotizing enterocolitis. Pak ] Med Sci. 2016;32:1251-1256. doi:
10.12669/ pjms.325.10413

6. Rausch LA, Hanna DN, Patel A, Blakely ML. Review of Necrotizing
Enterocolitis and Spontaneous Intestinal Perforation Clinical
Presentation, Treatment, and Outcomes. Clin Perinatol. 2022;49:955-
964. doi: 10.1016/j.c1p.2022.07.005

7. Hu X, Liang H, Li F, Zhang R, Zhu Y, Zhu X, et al. Necrotizing
enterocolitis: current understanding of the prevention and
management. Pediatr Surg Int. 2024;40:32. doi: 10.1007/s00383-023-
05619-3

8. LiX, Yang Y, Zhang B, Lin X, Fu X, An Y, et al. Lactate metabolism
in human health and disease. Signal Transduction and Targeted
Therapy. 2022;7:305. doi: 10.1038/s41392-022-01151-3

9. Lei G, Zhang J, Wang X, Chen M. Plasma D-lactate Levels in
Necrotizing Enterocolitis in Premature Infants. Iran ] Pediatr.
2016;26:e4403. doi: 10.5812/1jp.4403

10. Li H, Wang Y, Shen L, Cai N. Development and validation of a
nomogram for predicting necrotizing enterocolitis in premature
infants with early-onset sepsis. Sci Rep. 2025;15:40101. doi: 10.1038/
$41598-025-23804-3

Pak J Med Sci

June (Part-l) 2026 Vol. 42 No. 6

11. WangY, Lai L, Zhang Q, Zheng L. Lactate acid level and prognosis
of neonatal necrotizing enterocolitis: a retrospective cohort study
based on pediatric-specific critical care database. ] Pediatr (Rio J).
2023;99:278-283. doi: 10.1016/j.jped.2022.11.005

12. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC,
Mulrow CD, et al. The PRISMA 2020 statement: an updated
guideline for reporting systematic reviews. BM]J. 2021;372:n71. doi:
10.1136/bmj.n71

13. Wan X, Wang W, Liu J, Tong T. Estimating the sample mean and
standard deviation from the sample size, median, range and/
or interquartile range. BMC Med Res Methodol. 2014;14:135. doi:
10.1186/1471-2288-14-135

14. Lo CK, Mertz D, Loeb M. Newcastle-Ottawa Scale: comparing
reviewers’ to authors’ assessments. BMC Med Res Methodol.
2014;14:45. doi: 10.1186/1471-2288-14-45

15. El-Abd Ahmed A, Hassan MH, Abo-Halawa N, Abdel-Razik GM,
Moubarak FA, Sakhr HM. Lactate and intestinal fatty acid binding
protein as essential biomarkers in neonates with necrotizing
enterocolitis: ultrasonographic and surgical considerations. Pediatr
Neonatol. 2020;61:481-489. doi: 10.1016/j.pedneo.2020.03.015

16. Karakurt Y, Gok CC, Can E. Elevated day-2 hemoglobin P(5)(0) and
risk of necrotizing enterocolitis in preterm infants: a pilot study.
Pediatr Surg Int. 2025;42:36. doi: 10.1007/500383-025-06269-3

17. Kordasz M, Racine M, Szavay P, Lehner M, Krebs T, Luckert C, et
al. Risk factors for mortality in preterm infants with necrotizing
enterocolitis: a retrospective multicenter analysis. Eur ] Pediatr.
2022;181:933-939. doi: 10.1007/s00431-021-04266-x

18. Kuik SJ, Van der Heide M, Bruggink JLM, Bos AF, Verhagen AAE,
Kooi EMW, et al. Intestinal Oxygenation and Survival After Surgery
for Necrotizing Enterocolitis: An Observational Cohort Study. Ann
Surg. 2022;275:e503-e510. doi: 10.1097/SLA.0000000000003913

19. Han J, Cao J, Liu G, Duan L, Yu M, Li G, et al. Effect of serum
creatinine changes on surgical timing and prognosis in progressive
necrotizing Enterocolitis. BMC Pediatr. 2025;25:734. doi: 10.1186/
$12887-025-06122-5

20. HuangD,LinY,CaiY,ChenZ, Liang Z, ChenX, etal. Lactate combined
with lymphocyte counts as useful predictors for the severity and
prognosis of necrotizing enterocolitis: a retrospective cohort study.
Ann Med. 2025;57:2577874. doi: 10.1080/07853890.2025.2577874

21. Arra M, Mozelewski-Hill S, Kaser T, Ancona R, Asaro P, Holthaus C.
Comparison of Initial Lactate Levels and Their Prognostic Utility in
Obese and Nonobese Patients with Sepsis. ] Emerg Med. 2025;75:79-
88. doi: 10.1016/jjemermed.2025.05.023

22. Lau KK, Hsiao CT, Fann WC, Chang CP. Utility of the Lactate/
Albumin Ratio as a Predictor for Mortality in Necrotizing
Fasciitis Patients. Emerg Med Int. 2021;2021:3530298. doi:
10.1155/2021 /3530298

23. Brillantino A, Iacobellis F, Renzi A, Nasti R, Saldamarco L, Grillo
M, et al. Diagnostic value of arterial blood gas lactate concentration
in the different forms of mesenteric ischemia. Eur ] Trauma Emerg
Surg. 2018;44:265-272. doi: 10.1007/s00068-017-0805-7

24. Evans L, Rhodes A, Alhazzani W, Antonelli M, Coopersmith CM,
French C, et al. Surviving Sepsis Campaign: International Guidelines
for Management of Sepsis and Septic Shock 2021. Crit Care Med.
2021;49:€1063-e1143. doi: 10.1097 / ccm.0000000000005337

25. Caluwaerts M, Castanares-Zapatero D, Laterre PF, Hantson P.
Prognostic factors of acute mesenteric ischemia in ICU patients.
BMC Gastroenterol. 2019;19:80. doi: 10.1186/512876-019-0999-8

Authors’ contributions:

HS: Literature search, study design and manuscript
writing.

HS and YL: Data collection, data analysis and
interpretation. Critical Review.

HS: Manuscriptrevision and validation and is responsible
for the integrity of the study.

All authors have read and approved the final manuscript.

www.pjms.org.pk 1549



	_Hlk211956964
	_Hlk211960504
	_Hlk211960485
	OLE_LINK2
	_Hlk211958456
	_Hlk211693374
	OLE_LINK1
	OLE_LINK6
	OLE_LINK7
	OLE_LINK5
	_Hlk48765418
	_Hlk211425754
	_Hlk211426476
	_Hlk211426877
	_Hlk211501134
	_Hlk184559223
	_Hlk184500914
	_Hlk184501129
	_Hlk184500786
	_Hlk184501536
	_Hlk184492562
	_Hlk184502186
	_Hlk184502303
	_Hlk216255745
	_Hlk71673158
	_Hlk71673102
	_Hlk71673119
	_Hlk71673076
	_Hlk71673046
	_Hlk76872986
	_Hlt219904435
	_Hlt219904436
	_Hlk229136271
	_Hlk203301662

