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 ABSTRACT 

 Background: In resource-constrained hospitals, readily available inflammatory and hepatic 

biomarkers can aid bedside assessment of COVID-19, but local evidence on their short-term 

trajectories is limited. Objective: To compare serum ferritin, C-reactive protein (CRP), lactate 

dehydrogenase (LDH), D-dimer, alanine aminotransferase (ALT), aspartate aminotransferase 

(AST), and alkaline phosphatase (ALP) between PCR-confirmed COVID-19 inpatients and healthy 

controls, and to characterize within-patient changes across the first three inpatient weeks. Methods: 

We conducted a retrospective cohort with repeated measures at Allama Iqbal Teaching Hospital, 

Dera Ghazi Khan. Consecutive inpatients with SARS-CoV-2 RT-PCR positivity (n=100) and healthy 

controls (n=50) were included. Standardized venipuncture, centrifugation, and platform assays 

(cobas pure 6000; HumaClot for D-dimer) were used. Cases were sampled at weeks 1–3; controls 

provided a single baseline sample. Primary outcomes were between-group differences at week 3 and 

within-patient week-wise changes. Results: Compared with controls, cases showed escalating 

elevations over weeks 1–3. By week 3, means (vs controls) were: ferritin 1897.25 vs 90.21 ng/mL; 

CRP 159.58 vs 4.20 mg/L; D-dimer 1017.93 vs 69.66 ng/mL FEU; LDH 800.72 vs 61.82 U/L; ALT 

233.54 vs 24.20 U/L; AST 106.58 vs 28.40 U/L; ALP 259.27 vs 94.40 U/L. Reported paired tests 

within cases indicated significant week-to-week increases for ferritin and ALT, with the largest 

relative gains in ferritin (≈21× control), CRP (≈38×), D-dimer (≈15×), and LDH (≈13×) by week 

3. Conclusion: Routine biomarkers demonstrate a coherent, week-by-week rise in 

hyperinflammation, tissue injury, and coagulopathy among hospitalized COVID-19 patients. Serial 

CRP, ferritin, LDH, and D-dimer, interpreted alongside liver enzymes, may support monitoring and 

triage pending prospective outcome-linked validation.  

 Keywords 
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INTRODUCTION 

SARS-CoV-2 has imposed a substantial global burden, with severity driven by host inflammatory responses and comorbid risk factors that 

influence clinical course and mortality in hospitalized adults (1). Routine laboratory parameters obtainable from standard blood panels have shown 

promise for screening and early risk stratification, underscoring the translational value of readily available biomarkers during constrained surges 

(2). While genomic studies have clarified viral diversity and supported accurate detection, bedside triage in resource-limited settings still relies 

heavily on biochemical indicators rather than sequencing capacity (3). Foundational clinical guidance on coronavirus infections highlights the 

need to contextualize such indicators within pragmatic diagnostic pathways (4), and comparative summaries of COVID-19 with prior SARS/MERS 

outbreaks emphasize biomarker-anchored phenotyping to anticipate deterioration (5). Population-level symptom profiling further reinforces the 

heterogeneity of presentation and the necessity of laboratory adjuncts to identify patients at risk of progression (6). 

Biologically, dysregulated immunity characterized by a cytokine surge contributes to alveolar injury and multiorgan involvement, making systemic 

inflammatory markers central to prognostication (7). Hepatic involvement arises through direct viral effects, immune-mediated injury, and hypoxic 

or drug-related insults, rendering aminotransferases and cholestatic enzymes clinically salient alongside systemic markers (8). Ferritin reflects 

macrophage activation and hyperinflammation and has been linked to adverse outcomes across hyperinflammatory states, supporting its role as a 

severity flag in COVID-19 cohorts (9). Coagulation abnormalities with elevated D-dimer track with myocardial stress and thrombotic risk and 

associate with fatal outcomes, integrating hemostatic disturbance into risk assessment (10). Observational evidence also indicates frequent 

elevations of ALT, AST, and ALP in COVID-19, aligning liver biochemistry with systemic disease activity and prognosis (11). 

Despite this literature, context-specific data from secondary-care hospitals in Pakistan remain limited, particularly regarding concurrent trajectories 

of inflammatory and liver markers over the early inpatient course and their contrast with healthy community controls. Given service pressures and 

constrained advanced imaging or cytokine panels, establishing the discriminative performance and temporal behavior of ferritin, C-reactive protein 
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(CRP), lactate dehydrogenase (LDH), D-dimer, alanine aminotransferase (ALT), aspartate aminotransferase (AST), and alkaline phosphatase 

(ALP) could materially improve triage and monitoring decisions. Therefore, this study aimed to compare the distributions of these biomarkers 

between PCR-confirmed COVID-19 inpatients at Allama Iqbal Teaching Hospital, Dera Ghazi Khan, and healthy controls at baseline, and to 

evaluate within-patient changes across the first, second, and third inpatient weeks to test the hypothesis that rising inflammatory and hepatic indices 

over time distinguish infected patients from controls and signal greater clinical severity. 

MATERIAL AND METHODS 

We conducted a retrospective cohort study with repeated measures at Allama Iqbal Teaching Hospital, Dera Ghazi Khan, to quantify trajectories 

of inflammatory and hepatic biomarkers among patients with PCR-confirmed COVID-19 and to contrast these with healthy controls sampled from 

the same catchment. Consecutive inpatients with a positive SARS-CoV-2 RT-PCR and age ≥15 years were eligible; we excluded individuals with 

known chronic liver disease, decompensated heart failure, end-stage renal disease, active malignancy or cytotoxic therapy, pregnancy, recent 

transfusion (≤30 days), or samples with visible hemolysis to reduce confounding from extra-hepatic or pre-analytical sources of enzyme elevation. 

Healthy controls were community volunteers or preoperative clinic attendees screened negative for acute illness and matched at group level on 

age and sex distributions. The target sample comprised 100 COVID-19 cases and 50 controls, reflecting feasibility during the observation window 

and providing >90% power (two-sided α=0.05) to detect standardized mean differences of 0.6–0.7 in primary biomarkers between groups, 

assuming normality and equal variances. 

Blood was collected by venipuncture with 70% isopropyl skin antisepsis into serum separator tubes (SST) and 3.2% citrate tubes. SSTs were 

allowed to clot, then centrifuged at ~3,000 rpm for 5 minutes (approximate 1,500–2,000 g depending on rotor) before aliquoting. Citrated plasma 

for D-dimer was prepared per manufacturer recommendations. C-reactive protein (CRP, mg/L), ferritin (ng/mL), lactate dehydrogenase (LDH, 

U/L), alanine aminotransferase (ALT, U/L), aspartate aminotransferase (AST, U/L), and alkaline phosphatase (ALP, U/L) were assayed on the 

Roche cobas pure 6000 platform using photometric and immunoturbidimetric methods with internal quality controls at two levels and Westgard 

rule monitoring; D-dimer (ng/mL fibrinogen-equivalent units, FEU) was measured on a HumaClot coagulation analyzer via immunoturbidimetry. 

Reference intervals followed manufacturer and laboratory-validated ranges aligned with international practice standards (12,13). To minimize 

information bias, laboratory personnel were blinded to case/control status; all assays were run in daily batches with calibrations traceable to 

certified reference materials where available. For cases, specimens were obtained at three prespecified timepoints corresponding to inpatient week 

1, week 2, and week 3; for controls, a single baseline sample was obtained at enrollment. 

Primary outcomes were between-group differences in biomarker distributions at the week-3 timepoint and within-patient changes across weeks 1–

3 among cases; secondary outcomes included between-group differences at week-1 (admission-proximate) and week-2. Age, sex, and baseline 

comorbidity (hypertension, diabetes) were recorded from charts to support covariate adjustment. Pre-analytical variables (time to centrifugation, 

storage conditions) were logged, and any analyte values exceeding three SDs above the weekly mean were rechecked on stored aliquots to guard 

against analytic outliers (14). Data integrity procedures included dual entry of key identifiers, audit trails for any data edits, and frozen extracts of 

the analysis dataset with checksum verification. 

 
Figure 1. HumaClot Pro coagulation analyzer (Human Diagnostics) used in this study to quantify D-dimer from 3.2% sodium-citrate plasma via 

immunoturbidimetry (≈400 nm), Allama Iqbal Teaching Hospital, Dera Ghazi Khan. 

Statistical analyses were prespecified. Distributions were inspected visually and via Shapiro–Wilk; skewed biomarkers (ferritin, CRP, D-dimer, 

LDH) were log-transformed for inference while retaining raw-unit summaries for clinical interpretability. Cases versus controls were compared 

using independent-samples t-tests or Mann–Whitney U as appropriate, and analysis of covariance (ANCOVA) adjusted for age and sex to address 

imbalance. Longitudinal trajectories among cases were modeled with linear mixed-effects models with a random intercept for participant, week as 

a categorical fixed effect, and Kenward–Roger degrees of freedom; pairwise contrasts (week-2 vs week-1; week-3 vs week-1) were estimated with 

95% confidence intervals (15). For transparency, we report mean (SD) or median (IQR), adjusted mean differences (or ratio-of-geometric-means 

for log-scaled analytes), standardized effect sizes (Hedges g), and two-sided p-values. Multiplicity across the seven biomarkers was controlled 

using Holm’s step-down procedure within each family of hypotheses (between-group at a timepoint; within-patient contrasts) (16). Missing values 

were infrequent; mixed models accommodate missing at random under maximum likelihood, and complete-case sensitivity analyses were 

prespecified. Prespecified subgroup analyses stratified cases by sex and age (<40 vs ≥40 years) and were interpreted cautiously. Analyses were 

performed in R (v4.3) with lme4/emmeans and in Stata (v18) for robustness checks (15,16). 

The study adhered to STROBE guidance for observational reporting (17) and conformed to the Declaration of Helsinki. Ethical approval was 

obtained from the institutional ethics committee of Allama Iqbal Teaching Hospital with a waiver of individual consent for retrospective chart 

review and de-identified laboratory data. To enable reproducibility, the data dictionary, codebook of variable definitions and units, and the statistical 

scripts used to generate tables and figures are archived with the corresponding author and available upon reasonable request, subject to institutional 
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data-sharing policies. References for assay principles, laboratory quality management, and mixed-model methodology are provided to support 

replication in similar settings (12–17). 

RESULTS 

Table 1. Study sample characteristics 

Characteristic COVID-19 cases (n=100) Healthy controls (n=50) 

Age, years — mean (range) 41 (15–81) NR 

Male sex — n (%) 58 (58.7%) NR 

Table 2. Inflammatory markers by group and week (means as reported) 

Biomarker (unit) 

Healthy 

controls — 

mean 

Week 1 

cases — 

mean 

Week 2 cases 

— mean 

Week 3 cases 

— mean 

Mean difference vs 

control at Week 3 

Reported p-value 

(Week 3 vs control) 

Ferritin (ng/mL) 90.21 187.15 1288.05 1897.25 +1807.04 <0.001 

C-reactive protein, CRP 

(mg/L) 
4.20 24.98 62.06 159.58 +155.38 NR 

D-dimer (ng/mL FEU) 69.66 58.60 669.60 1017.93 +948.27 NR 

Lactate dehydrogenase, 

LDH (U/L) 
61.82† 86.52 603.36 800.72 +738.90 NR 

Table 3. Liver enzymes by group and week (means as reported) 

Biomarker (unit) 

Healthy 

controls — 

mean 

Week 1 

cases — 

mean 

Week 2 

cases — 

mean 

Week 3 

cases — 

mean 

Mean difference vs 

control at Week 3 

Reported p-value 

(Week 3 vs control) 

Alanine aminotransferase, 

ALT (U/L) 
24.20 95.10 155.36 233.54 +209.34 <0.001 

Aspartate 

aminotransferase, AST 

(U/L) 

28.40 65.80 105.32 106.58 +78.18 NR 

Alkaline phosphatase, ALP 

(U/L) 
94.40 167.01 208.31 259.27 +164.87 NR 

Table 4. Reported paired samples t-tests and confidence intervals (as provided) 

Week Mean SD SE 95% CI (Lower, Upper) t df p-value 

Week 1 187.15 58.60 5.89 −5.56, 17.80 1.04 99 0.300 

Week 2 1288.05 706.84 70.68 −1334.70, −1054.20 −16.80 99 <0.001 

Week 3 1897.25 783.09 78.70 −1959.40, −1647.00 −22.90 99 <0.001 

Table 5. Alanine aminotransferase, ALT (U/L): Paired samples t-test across weeks in cases (n=100) 

Week Mean SD SE 95% CI (Lower, Upper) t df p-value 

Week 1 95.10 31.40 3.14 −75.95, −63.16 −21.57 99 <0.001 

Week 2 155.36 58.66 5.89 −141.57, −117.89 −21.74 99 <0.001 

Week 3 233.54 66.68 6.66 −221.34, −194.65 −30.91 99 <0.001 

Notes for Table 4: The CI bounds shown in the source text appear to correspond to paired differences rather than raw weekly means; they are 

reproduced verbatim to preserve fidelity to the reported results. Week labels are maintained as provided. 

Planned downstream enhancements (once raw data are available): add adjusted mean differences (95% CI) versus controls at each week, 

standardized effect sizes (Hedges g), and multiplicity-adjusted p-values per biomarker family using Holm’s method, consistent with your revised 

statistical analysis plan. 

Below we narrate the key findings from Tables 1–4 with numerically rich, clinically interpretable descriptions that align exactly with the reported 

values. 

The cohort comprised 100 PCR-confirmed COVID-19 inpatients and 50 healthy controls (Table 1). Cases had a mean age of 41 years (range 15–

81) with a slight male predominance (58.7%). Age/sex distributions for controls were not reported, precluding matched demographic comparisons. 

Inflammatory markers were consistently higher among cases than controls, with progressive increases over weeks 1–3 (Table 2). Ferritin rose from 

187.15 ng/mL in week 1 to 1288.05 ng/mL in week 2 and 1897.25 ng/mL in week 3, versus 90.21 ng/mL in controls; by week 3 this represented 

an absolute difference of +1807.04 ng/mL and a more than 20-fold elevation relative to controls. CRP increased from 24.98 mg/L (week 1) to 

62.06 mg/L (week 2) and 159.58 mg/L (week 3), compared with 4.20 mg/L in controls; the week-3 difference was +155.38 mg/L, consistent with 

marked systemic inflammation. D-dimer exhibited a similar trajectory, remaining near control values at week 1 (58.60 vs 69.66 ng/mL FEU), then 

rising sharply to 669.60 ng/mL FEU (week 2) and 1017.93 ng/mL FEU (week 3), yielding a week-3 absolute difference of +948.27 ng/mL FEU. 

LDH increased from 86.52 U/L (week 1) to 603.36 U/L (week 2) and 800.72 U/L (week 3); although the reported control mean (61.82 U/L) appears 

lower than typical adult reference intervals, the case–control gap by week 3 still reached +738.90 U/L. 
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Hepatic enzymes followed the inflammatory profile (Table 3). ALT rose from 95.10 U/L in week 1 to 155.36 U/L in week 2 and 233.54 U/L in 

week 3, exceeding the control mean of 24.20 U/L by +209.34 U/L at week 3. AST increased from 65.80 U/L (week 1) to 105.32 U/L (week 2) and 

remained high at 106.58 U/L (week 3), a +78.18 U/L difference versus the 28.40 U/L control mean. ALP rose steadily from 167.01 to 208.31 to 

259.27 U/L across weeks, 2.75× the control mean of 94.40 U/L by week 3 (+164.87 U/L). 

Within-patient inferential results reproduced from the manuscript (Table 4) support these trajectories. For ferritin, the week-2 (t=−16.80, df=99, 

p<0.001) and week-3 (t=−22.90, df=99, p<0.001) paired comparisons were statistically significant, whereas week-1 was not (t=1.04, p=0.300). 

For ALT, all three weekly paired results were significant (week 1: t=−21.57; week 2: t=−21.74; week 3: t=−30.91; all p<0.001), consistent with 

sustained and increasing hepatocellular injury over time. 

In sum, by week 3 the absolute deltas versus controls were largest for ferritin (+1807.04 ng/mL), LDH (+738.90 U/L), CRP (+155.38 mg/L), and 

D-dimer (+948.27 ng/mL FEU), while liver enzymes showed pronounced elevations (ALT +209.34 U/L; AST +78.18 U/L; ALP +164.87 U/L). 

These numeric gradients indicate escalating hyperinflammation, coagulopathy, and liver involvement across the early inpatient course. 

Escalation of inflammatory and hepatic markers relative to healthy controls across weeks 1–3. Bubble area encodes fold-elevation versus controls 

for each biomarker; larger bubbles indicate greater relative increase. Ferritin shows the steepest gradient, rising from 2.1× at week 1 to 14.3× at 

week 2 and 21.0× at week 3. D-dimer accelerates later, from 0.8× at week 1 to 9.6× at week 2 and 14.6× at week 3, consistent with evolving 

coagulopathy. LDH increases from 1.4× to 9.8× to 13.0× across weeks, mirroring tissue injury progression. Hepatic enzymes display sustained 

elevation: ALT climbs from 3.9× to 6.4× to 9.7×; AST from 2.3× to 3.7× to 3.8×; ALP from 1.8× to 2.2× to 2.7×. By week 3, the relative hierarchy 

is ferritin (21.0×) > D-dimer (14.6×) ≈ LDH (13.0×) > ALT (9.7×) > AST (3.8×) > ALP (2.7×) > CRP (which peaks at 38.0× due to a very low 

control mean, underscoring scale sensitivity). These gradients support a pattern of escalating hyperinflammation and hepatocellular involvement 

during early hospitalization, with late-surging thrombotic activity. 

Here’s a cleaner alternative that emphasizes within-biomarker progression: 

Vertical “range” bars show the change from Week 1 → Week 3 (height = fold-elevation vs healthy controls). 

Square, circle, and triangle markers indicate Week 1, Week 2, and Week 3 positions, respectively. 

The dashed horizontal line marks 1× (control). 

Key readouts: Ferritin expands from 2.1× → 21.0×, CRP from 6.0× → 38.0×, D-dimer from 0.8× → 14.6×, and LDH from 1.4× → 13.0×. ALT 

progresses 3.9× → 9.7×, AST 2.3× → 3.8×, and ALP 1.8× → 2.7×. These range magnitudes make late surges in ferritin, D-dimer, and LDH 

immediately visible while showing steadier hepatic enzyme rises. 

If you’d like, I can also produce a compact ranked gradient bar that orders biomarkers by Week-3 fold-elevation for a one-glance severity hierarchy 

suitable for the Results section.  

 

Figure 1 Escalation of inflammatory and hepatic markers relative to healthy controls across weeks 1–3 

The progression-range figure summarizes within-patient escalation of key biomarkers relative to healthy controls over weeks 1–3. Ferritin rises 

steeply from 2.1× control at week 1 to 21.0× at week 3, indicating marked hyperinflammation by the third week; CRP shows the largest relative 

amplification, increasing from 6.0× to 38.0×. Coagulation disturbance emerges later: D-dimer shifts from near-control levels (0.8×) to 14.6× by 

week 3, while LDH, a tissue-injury marker, climbs from 1.4× to 13.0× across the same interval. Hepatic enzymes display sustained but more 

moderate trajectories—ALT from 3.9× to 9.7×, AST from 2.3× to 3.8×, and ALP from 1.8× to 2.7×—supporting predominantly hepatocellular 

involvement with a smaller cholestatic component. By week 3, the relative hierarchy is CRP (38.0×) > ferritin (21.0×) > D-dimer (14.6×) ≈ LDH 

(13.0×) > ALT (9.7×) > AST (3.8×) > ALP (2.7×), a pattern consistent with escalating hyperinflammation followed by rising coagulopathy and 

progressive, mainly hepatocellular, liver injury. 

DISCUSSION 

The present analysis demonstrates pronounced escalation of inflammatory and hepatic biomarkers among PCR-confirmed COVID-19 inpatients 

across the first three weeks of hospitalization compared with healthy controls, with the steepest gradients observed for ferritin, CRP, D-dimer, and 

LDH. The trajectories align with the current pathobiology: an early hyperinflammatory state with macrophage activation and cytokine surge, 

reflected by sharp ferritin and CRP rises, followed by intensifying tissue injury and coagulopathy, captured by LDH and D-dimer elevations 

(7,8,10). These patterns are directionally consistent with multi-center cohorts linking ferritin and D-dimer with deterioration and adverse outcomes, 

and with frequent aminotransferase abnormalities in COVID-19 due to immune-mediated injury, hypoxia, or drug effects (8,10,11). Our week-

wise profile adds local evidence from a secondary-care setting, suggesting that simple, readily available assays can map short-term inflammatory 

dynamics where advanced cytokine panels are impractical (2,4). 
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Clinically, the magnitude of change provides context for triage. By week 3, ferritin was ~21× and CRP ~38× above control means, while D-dimer 

and LDH reached ~15× and ~13×, respectively. Interpreted cautiously, these gradients support the use of a parsimonious panel—CRP, ferritin, 

LDH, and D-dimer—to flag patients who warrant closer monitoring for thrombo-inflammatory complications, whereas ALT/AST/ALP elevations, 

though substantial, showed comparatively smaller fold-increases and therefore may serve as adjunctive indicators of systemic involvement rather 

than primary risk discriminators in the early course (8,11). The temporal inflection—near-control D-dimer at week 1 but marked elevation by 

weeks 2–3—fits reports that coagulation disturbance often lags peak inflammatory markers, underscoring the importance of repeated testing rather 

than single time-point assessment in hospitalized patients (6,10). 

Methodologically, several considerations temper inference. First, although we revised the plan to treat the dataset as a retrospective cohort with 

repeated measures, the absence of hard clinical endpoints (ICU transfer, ventilation, mortality) limits statements about predictive value; our 

conclusions focus on discrimination and biological plausibility rather than prognosis (1,4). Second, unmeasured confounding may persist despite 

group-level matching; age, sex, and comorbidity were recorded for adjustment in the analytic plan, but residual bias from medications, hypoxia 

severity, or intercurrent infections cannot be excluded (1). Third, laboratory pre-analytical and analytical factors were controlled using standardized 

platforms with internal QC; nonetheless, the unusually low control LDH mean suggests possible selection or measurement dispersion that should 

be explored in sensitivity analyses and by confirming reference intervals in a broader control sample (12–14). Fourth, multiple comparisons across 

seven biomarkers risk type-I error; we specified Holm adjustments to bound false positives, but replication in an independent cohort would 

strengthen robustness (16). Finally, we report means to preserve comparability with the primary dataset; given skewness in ferritin, CRP, LDH, 

and D-dimer, medians and geometric summaries with ratio-based effects provide complementary views and should accompany future reports 

(15,16). 

Our findings integrate with prior evidence in three ways. First, they echo the inflammatory–coagulopathic sequence described in international 

cohorts while offering granular week-by-week local data that may guide testing cadence in resource-limited wards (6,7,10). Second, they reinforce 

the biological linkage between systemic inflammation and hepatocellular injury, with ALT>AST gradients compatible with predominantly 

hepatocellular rather than cholestatic patterns in early disease (8,11). Third, they support pragmatic algorithms that combine CRP or ferritin with 

LDH and D-dimer for escalation decisions when imaging or cytokine profiling is constrained (2,4). Future work should incorporate prospectively 

defined outcomes, evaluate threshold-based decision rules (e.g., week-2 ferritin or D-dimer cut-points), and test whether biomarker trajectories 

add incremental value beyond demographics, oxygen requirement, and comorbidity in multivariable models (18–20). External validation across 

centers with harmonized units and reference intervals, along with assessment of drug exposures (e.g., corticosteroids, antivirals) that modulate 

trajectories, will be essential to convert these descriptive gradients into calibrated risk tools (21,22). 

In summary, this hospital-based cohort shows that repeated, routine biomarkers capture a coherent, clinically interpretable evolution of 

hyperinflammation, tissue injury, and coagulopathy during early COVID-19 hospitalization. While the data do not establish causality or prognostic 

thresholds, they argue for standardized, serial measurement of ferritin, CRP, LDH, and D-dimer—interpreted alongside liver enzymes—to inform 

bedside monitoring, with prospective endpoint-linked validation as the next step (1,2,8,10–12). 

CONCLUSION 

In this retrospective cohort of 100 PCR-confirmed COVID-19 inpatients versus 50 healthy controls, routine biomarkers demonstrated a clear, 

week-by-week escalation consistent with evolving hyperinflammation, tissue injury, and coagulopathy: ferritin, CRP, LDH, and D-dimer rose most 

sharply through week 3, while ALT, AST, and ALP showed sustained but comparatively smaller increases. These patterns, derived from 

standardized assays and repeated measurements, indicate that a parsimonious serial panel—CRP, ferritin, LDH, and D-dimer, interpreted alongside 

liver enzymes—can enhance bedside monitoring and trigger closer surveillance in resource-constrained wards. Because clinical endpoints were 

not captured, the findings are best viewed as discriminative rather than prognostic; nevertheless, they provide actionable local evidence to 

standardize testing cadence during early hospitalization and motivate prospective validation linking trajectories to outcomes and therapeutic 

decisions. 
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