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Introduction

Determining which febrile pediatric hematology/oncology (PHO) patients will decompensate from severe infection is a significant challenge. Serum lactate is a well-established marker of illness severity in general adult and pediatric populations, however its utility in PHO patients is unclear given that chemotherapy, organ dysfunction, and cancer itself can alter lactate metabolism. In this retrospective analysis, we studied the association of initial serum lactate in febrile immunosuppressed PHO patients with illness severity, defined by the incidence of clinical deterioration events (CDE) and invasive bacterial infection (IBI) within 48 hours.



Methods

Receiver operating characteristic (ROC) curves were reported using initial lactate within two hours of arrival as the sole predictor for CDE and IBI within 48 hours. Using a generalized estimating equations (GEE) approach, the association of lactate with CDE and IBI within 48 hours was tested in univariate and multivariable analyses including covariates based on Quasi-likelihood under Independence Model Criterion (QIC). Additionally, the association of lactate with secondary outcomes (i.e., hospital length of stay (LOS), intensive care unit (PICU) admission, PICU LOS, non-invasive infection) was assessed.



Results

Among 897 encounters, 48 encounters had ≥1 CDE (5%), and 96 had ≥1 IBI (11%) within 48 hours. Elevated lactate was associated with increased CDE in univariate (OR 1.77, 95%CI: 1.48-2.12, p<0.001) and multivariable (OR 1.82, 95%CI: 1.43-2.32, p<0.001) analyses, longer hospitalization (OR 1.15, 95%CI: 1.07-1.24, p<0.001), increased PICU admission (OR 1.68, 95%CI: 1.41-2.0, p<0.001), and longer PICU LOS (OR 1.21, 95%CI: 1.04-1.4, p=0.01). Elevated lactate was associated with increased IBI in univariate (OR 1.40, 95%CI: 1.16-1.69, p<0.001) and multivariable (OR 1.49, 95%CI: 1.23-1.79, p<0.001) analyses. Lactate level was not significantly associated with increased odds of non-invasive infection (p=0.09). The QIC of the model was superior with lactate included for both CDE (305 vs. 325) and IBI (563 vs. 579).



Conclusions

These data demonstrated an independent association of elevated initial lactate level and increased illness severity in febrile PHO patients, suggesting that serum lactate could be incorporated into future risk stratification strategies for this population.
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Introduction

Infectious complications in the setting of therapy-related immunosuppression are a significant cause of morbidity and mortality in pediatric hematology/oncology (PHO) patients. Due to the risk of rapid clinical deterioration from bacterial infection in this population (1–3), patients with fever who are categorized as high risk due to neutropenia (absolute neutrophil count <500 cells/mm3, or <0.5 x103/μL) are often started on empiric broad spectrum intravenous (IV) antibiotics. Although the majority of these patients remain clinically well without an identifiable source of fever (4, 5), a subset of febrile PHO patients will decompensate despite empiric antimicrobial administration, with an associated mortality of 12-30% in those who progress to sepsis or septic shock (1, 6, 7). Timely recognition and treatment of septic shock is associated with reduced mortality and organ dysfunction. Thus, tools that enhance early detection of patients at greatest risk for progression to septic shock has potential to improve patient outcomes (8, 9). The ability to distinguish which patients will clinically deteriorate due to sepsis is challenging given the lack of effective reliable tools to risk stratify febrile PHO patients.

There remains a critical need in this population to optimize strategies that improve the ability to recognize which febrile patients require immediate intervention and identify patients whose antimicrobial therapy can be safely withheld or de-escalated. The PHO patient population presents unique challenges when it comes to the development of risk stratification tools as patients often lack the clinical signs and symptoms of severe infection at initial fever presentation due to an insufficient immune response (10–12). Furthermore, laboratory markers that are useful in distinguishing septic from non-septic patients in general pediatric and adult populations have questionable reliability in PHO patients who have altered baseline metabolism, immune capabilities, and organ function (13–17). For instance, previous studies evaluating the utility of c-reactive protein (CRP), procalcitonin (PCT), and inflammatory cytokines in this population have yielded conflicting results, thus no reliable biomarker has been established (11, 18–23).

The absolute neutrophil count (ANC) at the time of febrile presentation is a widely incorporated prognostic laboratory value used in PHO patients, typically characterized by the presence or absence of neutropenia, which is often incorporated into institutional clinical management guidelines in terms of antimicrobial administration and need for inpatient hospital admission. Although the risk of invasive infection is higher in this group compared to the general pediatric population (24–26), it is difficult to identify exactly which febrile patients with neutropenia have an active infection and which patients will go on to clinically deteriorate. Furthermore, severe infection can still develop in patients with adequate neutrophil counts, and the widespread incorporation of immune stimulating drugs into cancer therapy regimens may cloud the reliability of ANC as a prognostic indicator of poor infectious outcomes.

Lactate, a byproduct of tissue hypoperfusion, is one of the most extensively studied biomarkers for sepsis in adult and pediatric patients (27–32), and elevated serum lactate levels are associated with poor outcomes even in the setting of maintained oxygenation and arterial blood pressure (33, 34). It is well-established that patients with malignancy have altered lactate metabolism, as evidenced by presence of lactic acidosis in patients with malignancy in the absence of infection (35–37), and chemotherapy-related fluctuations in levels of serum lactate and lactate dehydrogenase (LDH), an enzyme which catalyzes the interconversion of pyruvate and lactate (38–40). Furthermore, many chemotherapeutic agents and immunosuppressive therapies can affect liver and kidney function, which play an essential role in lactate clearance (41, 42). Although studies in broad pediatric populations which include patients with chronic comorbidities have demonstrated an association of increased lactate with organ dysfunction, pediatric intensive care unit (PICU) admission, bacterial infection, and mortality (34, 43–45), there is a paucity of data regarding the discriminatory value of serum lactate in PHO patients explicitly.

A systematic review of 37 studies evaluating 24 different biomarkers in pediatric patients with fever and neutropenia by Haeusler et al. reported extensive evaluation of CRP (n=17 studies), PCT (n=9 studies), and several cytokines, most commonly IL-6 and IL-8 (46). Conversely, the literature regarding serum lactate in PHO patients is limited to a study performed by Pacheco-Rosas et al. at the Hospital de Pediatría del CMN Siglo XXI, which demonstrated an association (81% sensitivity, 83% specificity) between serum lactate level ≥2 mmol/L obtained within 48 hours of admission and severe sepsis in 100 pediatric oncology patients with fever and neutropenia (47), and a study performed in Thailand by Suwanpakdee et al. which reported an association between initial serum lactate >2.5 mmol/L with septic shock in 100 hemodynamically stable pediatric oncology patients with fever and neutropenia (ROC area 0.90, 95% CI: 0.81, 0.98) (48). Both studies suggest that there is a role for measuring serum lactate in this patient population, however generalizability is limited by small sample size, exclusion of non-neutropenic patients, and variable time allotted for initial serum lactate collection.

Identification of patients at high risk of sepsis or septic shock prior to progression of their symptoms is essential for early diagnosis and prompt resuscitation, the most efficacious strategy for preventing clinical decompensation, organ failure, and/or death (8, 9, 49–53). The objective of this study is to better understand the implications of lactate levels in febrile PHO patients by determining the association between initial venous lactate level and poor clinical outcomes, including clinical deterioration events (CDE) and invasive bacterial infection (IBI).



Methods


Data source

This single-center, observational study utilized the Colorado Sepsis Treatment and Recognition Registry, a database approved by the Children’s Hospital Colorado (CHCO) Organization Research Risk and Quality Improvement Review Panel and the Colorado Multiple Institution Review Board, which contains retrospectively collected data extracted from the electronic medical record (EMR) from pediatric Emergency Department (ED) encounters with ED clinician concern for possible sepsis as described by Scott et al (43). The registry includes ED encounter data for pediatric patients who are identified as high risk for sepsis, including patients with underlying oncologic or hematologic disorders who presented with fever or concern for infection. Relevant data that was not included in the registry was extracted from the EMR.

Encounters among immunocompromised PHO patients 0-25 years of age who underwent evaluation for fever in the CHCO ED between May 2012 and February 2019 were eligible for inclusion. This institution defines fever as a single temperature ≥101°F or two temperatures ≥100°F within a 24-hour period separated by at least two hours. PHO patients were considered immunocompromised if they were being treated with chemotherapy or were within six months of therapy completion, had a hematologic disorder requiring immunosuppressive therapy, or underwent hematopoietic stem cell transplantation (HSCT) within the previous six months. Encounters during which the patient was diagnosed with a new oncologic process were also included. Encounters were excluded if the patient had a known metabolic disorder, was transferred from an outside medical facility, arrived via emergency medical services (EMS) transport, or if a venous lactate level was not assessed within two hours of ED arrival. Multiple encounters per patient could be included, however encounters were excluded if the patient had been evaluated for fever/infection within the previous 72 hours.

Encounters among patients who were critically ill appearing upon ED presentation were considered separately, characterized by one or more of the following criteria: systolic hypotension <5th percentile for age (54) on intake vital sign assessment, occurrence of at least one (≥1) CDE qualifying event (defined below) or PICU transfer within two hours of ED arrival, or provider documentation of critical appearance on initial assessment. Clinical data and outcomes for these encounters are briefly described in the results section, but were otherwise not incorporated into the analysis, as the goal of this study was to evaluate the association of lactate level with poor outcomes in patients whose illness severity was not immediately apparent upon initial presentation.



Variables and outcomes

We tested the association of initial venous lactate level (mmol/L) obtained within two hours of ED arrival (primary variable) and covariates with the occurrence of CDE, IBI, and secondary outcomes pertaining to illness severity. Per institutional standard practice, a serum lactate level is obtained in conjunction with a complete blood count and blood cultures from all PHO patients who present to the ED with fever. Covariates were selected a priori based on clinical relevance for PHO patients and other established sepsis risk factors, including patient characteristics (i.e., age, underlying diagnosis, chemotherapy regimen intensity, phase of therapy, central venous access), encounter-specific variables assessed within two hours of ED arrival (i.e., WBC counts, presence of vital sign abnormalities), and patient- or provider-reported symptoms noted in the EMR (i.e., upper respiratory infection (URI) symptoms, chills and/or rigors). Vital sign cutoffs were determined using age-specific ranges defined by Goldstein, et al (54), and chemotherapy regimen intensity was categorized as least (level 1), moderate (level 2), very (level 3), or most (level 4) intensive based on the Intensity of Treatment Rating Scale (ITR-3.0) as previously defined (55). Maximum temperature (Tmax) was determined by the Tmax reported by the patient caregiver prior to arrival, or the Tmax documented within the first two hours of ED arrival, whichever value was higher.

The CDE outcome was met if the patient experienced ≥1 CDE within 48 hours of ED arrival. A CDE was characterized as a significant change in clinical status, as previously defined (56) by the following qualifying events: transfer from a pediatric ward to PICU, respiratory failure (initiation of non-invasive positive pressure ventilation (NIPPV) or endotracheal intubation), administration of ≥60 ml/kg (or ≥3 L if weight ≥50 kg) of crystalloid bolus intravenous fluids (IVF) in a 24-hour period, vasopressor or inotrope initiation, altered mental status, or death (56). Bolus IVF administration was based on provider discretion. In patients with chronic mechanical ventilatory needs, respiratory failure was defined as a need for increased ventilator settings above baseline.

A separate analysis was performed evaluating the occurrence of at least one (≥1) IBI within 48 hours of ED arrival. IBI was defined as the isolation of a bacterial organism from a normally sterile body fluid (i.e., blood, urine, cerebrospinal fluid, pleural fluid) (57), lobar pneumonia identified by chest radiograph (CXR) or computed tomography (CT) scan, intraabdominal infection, or skin/soft tissue infection (SSTI) necessitating IV antibiotics. Bacterial identification via blood culture was only included as an IBI if the result was not considered to be a contaminant (58) and resulted in a full antimicrobial treatment course for bacteremia.

Secondary outcomes included: hospital length of stay (LOS), PICU admission, PICU LOS, non-invasive infection within 48 hours, and 30-day mortality. Given that the clinical implications of an IBI exceed those of a non-invasive infection, analysis of non-invasive infection as a secondary outcome did not include encounters among patients who were diagnosed with an IBI within 48 hours. Thirty-day mortality was included as a descriptive outcome only due to the low incidence in the cohort.



Statistical analysis

Analysis was performed using R version 4.0.2 and the significance level was set to 0.05. Variables were summarized using median (interquartile range, IQR) or frequency (percentage) for each encounter. Receiver operating characteristic (ROC) curves were reported for each outcome (CDE and IBI) with with lactate level as the sole predictor as the sole predictor. PHO patients with multiple fever encounters have the possibility of introducing correlation with their specific patient characteristics, therefore generalized estimating equations (GEE) with a logit link were used to model risk factors for CDE and IBI within 48 hours using an exchangeable correlation structure to account for correlation among patients with multiple encounters. Univariate models were fit for each risk factor of interest with lactate level included both as a continuous and categorical variable, utilizing the frequently reported cut offs in the literature of 0-2 mmol/L, 2-4 mmol/L, and ≥4 mmol/L (29, 34, 43, 59–64). Variables in the univariate model were considered for selection in a multivariable model for each outcome based on significance and clinical relevance. Lactate level (continuous) was forced in, and the final set of predictors was selected based on the lowest Quasi-likelihood under Independence Model Criterion (QIC), a metric that assesses the degree to which data fits the GEE model and can be used for covariate selection (65). The QIC for the final multivariable models with and without lactate were established. Lower QIC values indicate better model fit, and a difference of 2-4 units is considered meaningfully different.

Lactate was tested for association with secondary outcomes. GEE was used to model PICU admission and non-invasive infection (binomial) and hospital LOS, PICU LOS, and vasopressor duration (gaussian). Continuous outcomes were log transformed before modeling due to non-normality, and results were back-transformed for reporting. The R package gee was used for modeling and reproducible code can be found here: https://github.com/campbkri/lactate_paper.




Results


Patient characteristics

As outlined in the study flowchart in Figure 1, there were 1290 total eligible encounters, among which 372 were excluded. In an additional 21 encounters, the patient appeared critically ill at presentation; clinical data and outcomes for these 21 encounters are described separately below, but were otherwise excluded from the remainder of these analyses. Encounter data and relevant initial lab values for the remaining 897 encounters included in the analysis are listed in Table 1, including those with occurrence of one or more (≥1) CDE within 48 hours (n=48 encounters among 45 patients), and one or more (≥1) IBI within 48 hours (n=96 encounters among 85 patients).




Figure 1 | Study flowchart. OSF, Outside facility; EMS, Emergency medical services; BP, Blood pressure; CDE, Clinical deterioration event; ED, Emergency department; PICU, Pediatric intensive care unit; IBI, Invasive bacterial infection.




Table 1 | Patient encounter characteristics and initial laboratory values.



The median age for the overall cohort was 6.5 years (IQR: 3.8-11.7). Leukemia/lymphoma accounted for over half of underlying patient diagnoses (55%), followed by solid tumors (31%), CNS tumors (13%), and non-malignant hematologic disorders (0.6%). Similar proportions of each underlying patient diagnosis were noted among encounters that met the CDE and IBI outcomes. Almost every encounter (n=885, 99%) occurred among patients who were actively undergoing therapy, including those who had undergone HSCT (n=52) within the past six months. A small subset of patients had recently completed therapy (n=7), or were newly diagnosed with a malignancy while admitted to the ED (n=5). Chemotherapy regimen intensity varied among the cohort and regimens received characterized as very (level 3) intensive were seen most frequently (n=529, 59%). Implanted ports were the most common type of central venous access, whereas external tunneled catheters, peripherally inserted central catheter (PICC) lines, and peripheral IV’s were less common. The median initial lactate level was 1.4 mmol/L (IQR 1.0-2.0) among the overall cohort, 2.0 mmol/L (IQR 1.4-3.0) among those who had ≥1 CDE, and 1.7 mol/L (IQR 1.2-2.3) among those diagnosed with ≥1 IBI. White blood cell (WBC) counts were assessed within two hours for nearly all encounters (the absolute monocyte count was not reported for one encounter) and nearly half of the febrile encounters occurred in neutropenic patients (n=414, 46%). Unlike WBC counts and venous lactate, c-reactive protein (CRP) and procalcitonin (PCT) were infrequently obtained within two hours (CRP: 3%, PCT: 1%).



Association of lactate level with clinical deterioration events within 48 hours

At least one (≥1) CDE occurred within 48 hours in 48 of the 897 included encounters (5%). In 22 of these, one isolated CDE qualifying event occurred, whereas multiple CDE qualifying events occurred in the remaining 26, together accounting for 83 total individual CDE qualifying events among the entire cohort, shown in Figure 2. The most common categories of CDE qualifying events were bolus IVF administration (n=39, 47% of all CDEs) and initiation of vasopressors (n=20, 24% of all CDEs), whereas ward to PICU transfer (n=9, 11% of all CDEs), respiratory failure (n=8, 10% of all CDEs), altered mental status (n=6, 7% of all CDEs), and death (n=1, 1% of all CDEs) occurred less frequently.




Figure 2 | Diagram demonstrating number of CDE qualifying events per category (bolus IVF administration, vasopressor initiation, ward to PICU transfer, respiratory failure, altered mental status, death) among encounters with one CDE qualifying event and encounters with multiple CDE qualifying events. IVF, Intravenous fluid; PICU, Pediatric intensive care unit.



Comparing the distribution of initial lactate levels and CDE occurrence revealed an increased proportion of patient encounters with ≥1 CDE with incremental increases in initial lactate level (Figure 3A). At least one CDE was seen in four of 204 encounters (2%) with lactate <1.0 mmol/L, 16 of 459 encounters (4%) with lactate 1-1.99 mmol/L, 15 of 153 encounters (10%) with lactate 2-2.99 mmol/L, 6 of 49 encounters (12%) with lactate 3-3.99 mmol/L, 4 of 20 encounters (20%) with lactate 4-4.99 mmol/L, and 3 of 12 encounters (25%) with lactate ≥5 mmol/L. The ROC curve (AUC 0.704) shown in Figure 3B demonstrates the sensitivity and specificity of individual lactate level cutoffs for predicting the occurrence of ≥1 CDE within 48 hours.




Figure 3 | Analysis of clinical deterioration events (CDE) by lactate level. (A) Proportion of patient encounters with occurrence of ≥1 CDE by lactate level in increments of 1mmol/L. Numbers (n) on top of bars signify the total number of patient encounters with initial lactate level in specified range. (B) ROC curve demonstrating association of lactate level with occurrence of ≥1 CDE. Numbers 0-5 along ROC curve represent ROC curve points for lactate level cutoffs (pink circles) in mmol/L, shown in the table. Area under the curve = 0.704.





Univariate analysis results, occurrence of ≥1 CDE by risk factor

Results of the univariate analysis testing the association of lactate level and covariates with the occurrence of ≥1 CDE within 48 hours are shown in Supplemental Table 1. The odds of clinical deterioration increased by 77% with each unit increase in lactate level (p<0.001). Evaluation of lactate level using previously reported cutoffs revealed increased odds of ≥1 CDE with moderate lactate elevation 2-4 mmol/L (OR 3.74, 95%CI: 2.00-7.01, p<0.001), and even higher odds with lactate levels ≥4 mmol/L (OR 8.82, 95% CI: 3.51-22.20, p<0.001), when compared to those with lactate < 2 mmol/L. Older age (p<0.001), vital sign abnormalities including hypotension (p<0.001) and tachycardia (p<0.001) within the first two hours of ED arrival, chills or rigors (p<0.05), and neutropenia (p<0.05) were also associated with the occurrence of ≥1 CDE in the unadjusted analysis, whereas underlying diagnosis, chemotherapy regimen intensity, recent HSCT, type of venous access, Tmax, presence of tachypnea within two hours, and WBC counts were not.



Multivariable analysis results, occurrence of ≥1 CDE by risk factor

The optimal set of predictors for inclusion in the multivariable model based on QIC were lactate level (continuous), age, chemotherapy regimen intensity, and presence of hypotension and tachycardia within two hours. Given the clinical relevance of neutropenia at the time of fever in PHO patients, a sensitivity analysis was performed with neutropenia added into the same model, which showed a non-significant association of neutropenia with having ≥1 CDE (p=0.17) and a higher QIC, thus neutropenia was not forced into the model. The results of the multivariable analysis are shown in Table 2. After adjusting for age, chemotherapy regimen intensity, and the presence of hypotension and tachycardia within two hours of ED arrival, increased lactate level was significantly associated with occurrence of ≥1 CDE (OR 1.82, 95% CI: 1.43-2.32, p<0.001). After controlling for covariates, odds of ≥1 CDE were increased with older age (OR: 1.13, 95% CI: 1.07-1.19, p<0.001). Outcomes also differed significantly among chemotherapy regimen intensity groups (p<0.05). Presence of hypotension (OR: 3.78, 95% CI: 2.64-15.99, p<0.001) and tachycardia (OR: 3.78, 95% CI: 1.61-8.84, p<0.01) within two hours of ED arrival were also significant after adjusting for confounding variables. The QIC of the multivariable model without lactate level was 325, whereas the QIC of the model with lactate level included was 305. This difference in 20 points of QIC indicates a significantly better fit of the model when lactate was included.


Table 2 | Occurrence of ≥1 clinical deterioration event (CDE) within 48 hours, adjusted odds by risk factor (results of multivariable analysis).





Association of lactate level with incidence of invasive bacterial infection (IBI) within 48 hours

Within 48 hours of ED arrival, at least one (≥1) IBI was diagnosed in 96 of 897 encounters (11%), including 16 encounters in which the patient was diagnosed with a non-invasive infection in addition to IBI within 48 hours. Frequency of IBI by source of infection and corresponding median lactate levels are outlined in Supplemental Table 2. Bacterial bloodstream infection (BSI) was the most common source of IBI, seen in 58 encounters (6%). Other sources of IBI were less common, including pneumonia (n=18, 2%), genitourinary (GU, n=10, 1%), SSTI (n=10, 1%), and intraabdominal (n=6, 0.7%). Median initial lactate levels were similar across encounters with ≥1 IBI regardless of infection source with exception of a relatively higher median initial lactate (2.7 mmol/L, IQR 1.3-4.2) in those with intraabdominal infection, although this discrepancy may be due the infrequency of each IBI type rather than true variation.

The distribution of initial lactate levels with occurrence of ≥1 IBI demonstrated in Figure 4A revealed an increased proportion of patients diagnosed with ≥1 IBI within 48 hours as lactate level incrementally increased, although the most notable difference occurred once lactate levels reached 4 mmol/L and above. An ROC curve (AUC: 0.608) including the sensitivity and specificity of individual lactate level cutoffs for predicting the occurrence of ≥1 IBI within 48 hours is shown in Figure 4B.




Figure 4 | Analysis of invasive bacterial infection (IBI) by lactate level. (A) Proportion of patient encounters with occurrence of ≥1 IBI by lactate level in increments of 1 mmol/L. Numbers (n) on top of bars signify the total number of patient encounters with initial lactate level in specified range. (B) ROC curve demonstrating association of lactate level with occurrence of one ≥1 IBI. Numbers 0-5 along ROC curve represent ROC curve points (blue circles) for lactate level cutoffs in mmol/L, shown in table. Area under the curve = 0.608.





Univariate analysis results, occurrence of ≥1 IBI by risk factor

Results of the univariate analysis demonstrating the association of lactate level and covariates with the occurrence of ≥1 IBI within 48 hours are shown in Supplemental Table 3. For each unit increase in lactate level, the odds of being diagnosed with ≥1 IBI within 48 hours increased by 40% (p<0.001). When compared to patients with lactate levels <2 mmol/l, categorical evaluation of lactate level demonstrated increased odds of ≥1 IBI with lactate level ≥4 mmol/L (OR: 4.34, 95% CI: 1.91-9.86, p<0.001), but no significant difference in patients with moderately elevated lactate 2-4 mmol/L (p=0.20). Compared to patients with implanted ports, those with external tunneled catheters (OR: 3.21, 95% CI: 1.83-5.65, p<0.001) and peripherally inserted central catheter (PICC) lines (OR: 7.00, 95% CI: 1.82-26.94, p<0.01) were associated with increased IBI. The presence of chills or rigors was associated with increased odds of ≥1 IBI (OR: 2.35, 95% CI: 1.15-4.81, p<0.05).

There was no association between occurrence of ≥1 IBI and initial WBC counts when analyzed continuously, including ANC, absolute monocyte count (AMC), and absolute lymphocyte count (ALC); however, neutropenic patients had 2.5-times higher odds of ≥1 IBI when compared to non-neutropenic patients (p<0.001). No association was observed between age or underlying diagnosis and the occurrence of ≥1 IBI. Outcomes did not significantly differ among chemotherapy regimens (p=0.06), however compared to those in the most (level 4) intensive category, the diagnosis of IBI was less common as chemotherapy regimen intensity decreased. Despite the increased incidence of IBI seen in patients with tachycardia and hypotension, the lack of a significant association between these vital sign abnormalities and IBI was an unexpected finding.



Multivariable analysis results, occurrence of ≥1 IBI by risk factor

Covariates included in the multivariable analysis based on QIC were lactate level (continuous), type of venous access, presence of chills or rigors, and presence of neutropenia as shown in Table 3. The QIC of the model with and without lactate included was 563 and 579, respectively. A difference of 16 points of QIC indicates the model with lactate fits the data significantly better than the model without lactate.


Table 3 | Occurrence of ≥1 invasive bacterial infection (IBI) within 48 hours, adjusted odds by risk factor (results of multivariable analysis).



Elevated lactate level (OR: 1.49, 95% CI: 1.23-1.79, p<0.001), neutropenia (OR: 2.54, 95% CI: 1.60-4.03, p<0.001), and presence of chills or rigors (OR: 2.23, 95% CI: 1.04-4.80, p<0.001) were all associated with increased odds of ≥1 IBI after adjusting for covariates. Additionally, patients with external tunneled catheters (OR 4.28, 95% CI: 2.23-7.87, p<0.001) and PICC lines (OR 5.56, 95% CI: 1.29-23.90, p<0.05) had increased odds of ≥1 IBI compared to those with implanted ports in the adjusted analysis, whereas those with peripheral IVs did not (p=0.81).



Association of initial lactate level with secondary outcomes

In addition to CDE and IBI, increased lactate level was associated with secondary outcomes pertaining to illness severity as shown in Supplemental Table 4. Among all encounters, the median hospital LOS was 3.8 days (IQR 2.5-6.8) for patients admitted from the ED. PICU admission was required in 55 encounters (6%), and the median PICU LOS was 1.4 days (IQR 0.9-2.7). With each 1 mmol/L increase in lactate level, there was an associated 15% increase in hospital LOS, 68% higher odds of being admitted to the PICU during hospitalization, and 21% increase in PICU LOS (all p values <0.05).

One or more non-invasive infection(s) were diagnosed within 48 hours in 168 encounters (19%), excluding the 16 in which patients who were diagnosed with both IBI and non-invasive infection(s). Sources of non-invasive infection and median lactate levels are shown in Supplemental Table 2. Viral URI was the most common source of non-invasive infection (n=125, 14%) in this group. Lactate level did not significantly differ among patients who were diagnosed with non-invasive infection(s) only and those who were not diagnosed with any infection within 48 hours (p=0.09). Thirty-day mortality was low for the cohort. Six patients died within 30 days of ED presentation (<1%), two from infection-related causes, and four from underlying disease progression. In those six patients, the median time to death was 16.5 days (range 2-26 days) from ED arrival. The two infection-related deaths included one patient with T-cell acute lymphoblastic leukemia (ALL) undergoing delayed intensification therapy who died 10 days after ED presentation due to septic shock with multi-organ failure from disseminated fungal infection and a patient with progressive metastatic atypical rhabdoid tumor (ATRT) found to have to have widely disseminated fungal infection during hospitalization. Due to poor prognosis, all antifungals were discontinued, and he was discharged on hospice care, and ultimately died 19 days after ED presentation.



Patients who appeared critically ill upon ED arrival

Here we describe the 21 encounters among 20 patients (median age 13.3 years, IQR 3.7-16.0) who were critically ill appearing upon initial ED presentation, summarized in Supplemental Table 5. These patients were not included in the remainder of the analysis and expectedly had worse outcomes than the remainder of the cohort. Underlying diagnoses varied, including acute lymphoblastic leukemia (ALL, n=6), acute myeloid leukemia (AML, n=2 encounters for one patient), lymphoma (n=12), solid tumors (n=5), CNS tumors (n=2), and non-malignant hematologic disorders (n=2). Three patients had undergone HSCT within six months prior to presentation. The median initial lactate level in this ill-appearing cohort was 3.2 mmol/L (IQR 1.7-5.1), the median ANC was 0.54 x 103/μL (IQR 0.01-3.62), and almost half of the patients were neutropenic at presentation (10 of 21 encounters, 48%). In all but one encounter (95%) the patient experienced ≥1 CDE within 48 hours, and the majority (n=14) experienced multiple CDE qualifying events rather than a single CDE qualifying event (n=6). At least one IBI was diagnosed within 48 hours in two-thirds of the encounters (n=14). The most common type of IBI was BSI (n=14) whereas focal infections (pneumonia: n=3, intraabdominal: n=1, GU: n=1) were less common. Five patients (25%) died within 30 days of ED presentation (median duration from ED arrival to death: 8 days, range 0-26 days). Four deaths were infection-related, and one patient died from underlying disease progression.




Discussion

PHO patients are at high risk for life-threatening infectious complications and progression to sepsis/septic shock. Prompt detection and resuscitation is critical for improving outcomes, which can be challenging as PHO patients often lack typical signs of illness and may present with fever as the sole sign of occult infection and impending deterioration (66). Thus, understanding the implications of objective laboratory markers in PHO patients specifically is essential for the development of superior risk stratification strategies in this group.

Serum lactate is well-established prognostic indicator for general adult and pediatric populations (27–32), and the importance of lactate as a reliable laboratory marker is emphasized by its incorporation in the most recent adult sepsis-3 criteria (67). Results of general pediatric studies indicate an association between elevated lactate and serious bacterial infection (SBI), organ dysfunction, prolonged hospitalization, and mortality (28, 34, 43, 68). Notably, the benefit of lactate measurement has been shown to be independent of hemodynamic variables and organ dysfunction (29, 33, 34).

Although serum lactate has been evaluated as a prognostic indicatior to some extent in adult oncology patients, data is limited and contradictory (30, 69, 70). There is minimal data regarding interpretability of lactate levels in PHO patients who have substantial differences compared to their adult counterparts in terms of underlying malignancies, comorbidities, metabolism/developmental stages, infectious considerations, and increased treatment regimen intensities (10, 71). We report the association of initial lactate level with poor outcomes in the largest study assessing this laboratory marker in PHO patients to date. Although two existing studies in PHO patients similarly describe an association with lactate levels and illness severity (47, 48), these studies are considerably limited due to small sample size.

Importantly, we demonstrate a similarly reported association between serum lactate levels and increased illness severity in other patient populations, suggesting these values are not routinely elevated or uninterpretable in PHO patients despite the known impact that malignancy, chemotherapy, and organ dysfunction have on lactate metabolism. Given the strength of these data, they provide the basis for further investigation of serum lactate as a tool that can be incorporated into risk stratification models to optimize detection of patients at high risk for deterioration.

Our results demonstrate an association between lactate level and clinical deterioration in PHO patients when analyzed both as a continuous variable and a categorical variable using cutoffs that have been most frequently reported in the literature. While interpretation of this type of laboratory marker using distinct cut points such as ≥2 mmol/L or ≥4 mmol/L rather than as a continuous value may be more practical in the clinical setting, studies in other populations have yielded similar results to our findings: severe outcomes increase linearly with increases in lactate without a clear clinical inflection point (72). Prospective studies validating the utility of this marker as a stratification tool may require different cut points based on the goal of ruling in or ruling out patients at risk for deterioration.

In efforts to capture patients with undifferentiated illness severity at initial evaluation, patients who were critically ill-appearing at presentation were not included in the analysis, and this group predictably had worse outcomes. It is important to note that provider determination of illness severity should remain the primary basis for escalation of care, regardless of what is dictated by any risk prediction model or laboratory result. While the median lactate level was notably higher in this group, this result adds minimal clinical benefit in the context of an ill-appearing patient but does support the concept of elevated lactate as a physiologic response to critical illness in PHO patients.

Among all patients with CDEs, the frequency of IV fluid resuscitation and vasopressor initiation we report are concordant with sepsis as a well-established cause of clinical deterioration in PHO patients (6, 73–75). Moreover, the exclusion of patients who were critically ill at the time of febrile presentation supports the notion that PHO patients may not initially demonstrate classic signs of severe illness with fever but remain at risk for rapid deterioration from sepsis in the subsequent hours. Compared to prior studies which cite respiratory failure as an equal or more frequent contributor to clinical deterioration in this population (7, 73, 76, 77), it only represented 10% of all CDE qualifying events in this study. This may be attributed to multiple factors including the ED setting of this study resulting in exclusion of patients at risk for different complications (e.g., AML and immediate post-HSCT patients), exclusion of patients who were immediately ill-appearing from the overall analysis, and variable definitions of respiratory failure utilized in the literature.

In addition to increased lactate level, older age, highly intensive chemotherapy regimens, and the presence of tachycardia and/or hypotension within two hours of ED arrival were all associated with increased CDE within 48 hours in an adjusted model. The substantial improvement of the multivariable model based on the QIC seen when lactate was included with the remaining risk factors suggests that lactate level can provide additional benefit to other established predictors of illness severity. Hypotension as a predictive variable is difficult to interpret given its intricate link to two potential CDEs (IVF resuscitation and vasopressor initiation), thus the strong association with the primary outcome (≥1 CDE) was expected. Importantly, increased lactate level maintained a significant association with CDE after controlling for the presence of hypotension, supporting the notion that hypotension may be a late finding in pediatric sepsis (78), and lactate elevation can denote inadequate perfusion despite normal blood pressure values (33, 34).

Unlike many studies evaluating risk factors for deterioration in the PHO patient population, we elected to include non-neutropenic patients. In addition to identifying which patients need urgent intervention, there is also significant interest in risk models that enable decreased intervention for patients at lower risk, which largely includes the non-neutropenic population. The incidence of CDE was significantly higher in neutropenic patients compared to non-neutropenic patients. Despite this, neutropenia was not determined to be a necessary variable in the multivariable model of risk factors for CDE. Not only did the best-fit of the model decrease when neutropenia was incorporated, but the presence of neutropenia was no longer significant when evaluated in the context of other relevant covariates. This suggests that although the presence and duration of neutropenia is associated with risk of severe infection, there is likely a role for incorporation of additional clinical and laboratory factors to improve risk prediction for clinical decompensation specifically.

While often linked with clinical deterioration in PHO patients, IBI was included in this study as a separate outcome to test the association of lactate level with serious infection, regardless of clinical illness severity. This has implications for potential incorporation of serum lactate into future prediction models targeted towards decision-making about antimicrobial administration. Our overall incidence of IBI was lower than reported in other studies of PHO patients (79–83), however this was expected given our inclusion of non-neutropenic patients. The majority of studies reporting infectious outcomes in PHO are limited to neutropenic patients as neutropenia is an established risk factor for bacterial infection, which is in accordance with our study results.

As an isolated risk factor, increased lactate level was significantly associated with increased odds of IBI, although distinct differences in IBI rates were not appreciated unless lactate was substantially elevated to levels ≥4 mmol/L. A possible explanation for this is that lactate may not be as tightly associated with IBI, compared to CDE, due to lactate being a marker of tissue hypoperfusion and organ dysfunction regardless of etiology. In other words, lactate is more suitable for detecting the negative downstream effects of severe infection, rather than infection itself.

Despite the trend toward increased incidence of IBI seen in patients with tachycardia and hypotension, the lack of a significant association between these vital sign abnormalities and IBI was an unexpected finding. This result may represent an insufficient immune response in the setting of bacterial infection due to immunosuppressive therapies, which further emphasizes the need for improved strategies to determine infection risk in this group. It is also possible that a difference was not appreciated as more discrete measures of the degree of tachycardia and hypotension such as z-scores were not utilized (84). In accordance with prior studies, external central catheters were associated with increased IBI (85, 86), although this may have been influenced in part by the underlying diagnoses and treatment regimens that mandate external catheters versus implanted ports. Additionally, chills or rigors reported by patients or documented by ED providers was an important risk factor for IBI, suggesting that this should be part of the routine evaluation of PHO patients presenting with fever. As described above, substantial improvement in the multivariable model of risk factor association with IBI seen with the incorporation of lactate level demonstrates that it can provide additional benefit in distinguishing which patients are at highest risk for IBI. Moreover, elevated lactate level was associated with IBI but not non-invasive infection types. This suggests a role in specifically distinguishing patients with the most clinically significant infection types. This has important implications for risk stratification strategies as there is significant interest in improving our ability to distinguish which patients require aggressive intervention with broad-spectrum antimicrobials from those who would benefit from less intensive therapy.

In accordance with other pediatric studies, we chose clinical deterioration events as a primary marker of illness severity in addition to other secondary outcomes that signify more severe illness including PICU admission and LOS, duration of hospitalization, and mortality. While mortality is the most extreme predictor of illness severity, mortality rates are relatively low in our pediatric population as seen in this study, and clinical deterioration events still hold significant implications for both short and long-term healthcare outcomes and quality of life. We demonstrated longer length of hospitalization, increased rates of PICU admission, and longer PICU LOS as lactate level increased, suggesting this cohort represents a sicker group of patients. The longer hospital LOS seen with elevated lactate level may represent a subacute difference in illness severity. Although the increase in hospital LOS may seem inconsequential, it approximates to an additional day of hospitalization above the median LOS for every 1 mmol/L increase in initial lactate level. Thirty-day infection-related mortality was exceptionally low for the overall cohort, which is in line with improvements seen in supportive care practices for critically ill patients over the last several decades. We suspect that in a larger cohort, there would be a significant difference in mortality, especially in a shorter time-period following a septic event.

The use of lactate in monitoring hemodynamic resuscitation in general populations of children with septic shock is recommended in the evidence-based consensus guidelines of the Surviving Sepsis Campaign and is already common practice in many pediatric EDs in the care of sepsis (78, 87). While this study cannot establish exactly which clinical actions should be taken based on a specific lactate level in a PHO patient, it gives support to this practice in PHO patients with suspected sepsis in the ED, in alignment with current standard of care for all children with sepsis. Further research may establish specific considerations needed to interpret lactate in PHO patients, but it is a low-cost, readily available laboratory test already strongly supported in pediatric sepsis generally, and it is likely to aid in early detection and monitoring of PHO patients, as it already does non-PHO children with sepsis.

There are limitations to this study, including the retrospective nature and unblinded analysis. While our results indicate an association between initial lactate level and increased severity of illness in febrile PHO patients, the most effective way to incorporate serum lactate levels in the clinical setting cannot be derived from these study results alone. The utility of any predictive laboratory marker cannot be established without understanding its meaning in the context of other relevant risk factors. We attempted to account for this by demonstrating that models including known risk factors for CDE and IBI were superior when lactate level was included.

This study is subject to selection bias as it was limited to a single-center tertiary care center that included only ED encounters, which may limit generalizability. Utilizing this available ED database allowed for substantial patient numbers but resulted in omission of patients who are already admitted to the inpatient unit at the time of fever. While this study included a larger number of febrile episodes compared to other studies of serum lactate in PHO patients due to inclusion of non-neutropenic patients, the number of neutropenic patients in this study (n=414) still far exceeded the number evaluated in previous studies (i.e. Suwanpakdee et al. n=99, and Pacheco-Rosas et al. n=100). Although our results indicated that serum lactate remained a significant prognostic indicator after controlling for the presence of neutropenia as a covariate in the statistical analysis, there may be more nuanced implications for this laboratory marker if analyzed specifically in neutropenic versus non-neutropenic patients. Additionally, patients who were transferred from an outside institution or via EMS were excluded to ensure that patients had not undergone interventions prior to arrival that may impact lactate level. This limits the potential study population to patients who live within one-hour driving distance, hereby creating a demographically restricted subject group.

Outcomes may have been influenced by performance bias because clinicians were not blinded to the lactate levels, and they may have specifically carried out interventions such as fluid administration directly in response to elevated lactate levels, which would bias towards supporting the study hypothesis. Conversely, performance bias may have led clinicians to deliver more timely, high quality care to patients with elevated lactate levels, because they were aware and concerned about this lab value. If this were the case, this would potentially disproportionately improve outcomes in the high-lactate patients. Notably, we expect that this effect would have resulted in diminished variance between groups based on lactate levels, and bias towards the null hypothesis. As described above, the link between vital sign abnormalities such as hypotension and the CDE outcome were unavoidable. We elected to include this to ensure that we considered the utility of serum lactate after accounting for typical signs and symptoms of illness severity.

In conclusion, this is the largest study to date that demonstrates the association of initial serum lactate levels with adverse clinical outcomes in PHO patients specifically, who have unique metabolic considerations in the setting of malignancy and treatment regimens. While clinical decision making cannot be made based on an isolated laboratory value, this study suggests that there may be a role for serum lactate as a tool that can be incorporated into other clinical prediction tools in this unique population. The association between serum lactate and poor outcomes in PHO patients demonstrated in this study provides a foundation for future prospective investigations into the most efficacious use of this marker for this group in the future.



Data availability statement

The original contributions presented in the study are included in the article/Supplementary Material. Further inquiries can be directed to the corresponding author.



Ethics statement

The studies involving human participants were reviewed and approved by Approved by the University of Colorado Cancer Center Protocol Review and Monitoring System and the Colorado Multiple Institutional Review Board (#21-2600). Written informed consent from the participants’ legal guardian/next of kin was not required to participate in this study in accordance with the national legislation and the institutional requirements.



Author contributions

Contribution: LS, AE, HS, ML, KM, AF, and AL-S designed analyses and analyzed data. LS and KM performed analyses. LS, AE, HS, ML, KM, AF, and AL-S wrote the manuscript. All authors contributed to the article and approved the submitted version.



Funding

This work was supported by the University of Colorado pediatric hematology/oncology/bone marrow transplantation fellowship training program. Salary support for contributors to this work was supported by the National Institutes of Health (5K12HD068372, ABLS), Amazon Goes Gold® (LRS), Swim Across America (LRS), the Conroy Family Young Investigator Endowed Fund (LRS), and the Agency for Healthcare Research and Quality (K08 HS025696, HFS).



Acknowledgments

This work was supported by the National Institutes of Health (5K12HD068372, ABLS), Amazon Goes Gold® (LRS), Swim Across America (LRS), the Conroy Family Young Investigator Endowed Fund (LRS), and the Agency for Healthcare Research and Quality (K08 HS025696, HFS).



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fonc.2022.990279/full#supplementary-material



References

1. Fiser, RT, West, NK, Bush, AJ, Sillos, EM, Schmidt, JE, and Tamburro, RF. Outcome of severe sepsis in pediatric oncology patients. Pediatr Crit Care Med (2005) 6(5):531–6. doi: 10.1097/01.PCC.0000165560.90814.59

2. Auletta, JJ, O'Riordan, MA, and Nieder, ML. Infections in children with cancer: a continued need for the comprehensive physical examination. J Pediatr Hematol Oncol (1999) 21(6):501–8. doi: 10.1097/00043426-199911000-00010

3. Haeusler, GM, Mechinaud, F, Daley, AJ, Starr, M, Shann, F, Connell, TG, et al. Antibiotic-resistant gram-negative bacteremia in pediatric oncology patients–risk factors and outcomes. Pediatr Infect Dis J (2013) 32(7):723–6. doi: 10.1097/INF.0b013e31828aebc8

4. Pizzo, PA, Robichaud, KJ, Wesley, R, and Commers, JR. Fever in the pediatric and young adult patient with cancer. a prospective study of 1001 episodes. Med (Baltimore) (1982) 61(3):153–65. doi: 10.1097/00005792-198205000-00003

5. Chanock, S. Evolving risk factors for infectious complications of cancer therapy. Hematol Oncol Clin North Am (1993) 7(4):771–93. doi: 10.1016/S0889-8588(18)30221-1

6. Pound, CM, Johnston, DL, Armstrong, R, Gaboury, I, and Menon, K. The morbidity and mortality of pediatric oncology patients presenting to the intensive care unit with septic shock. Pediatr Blood Cancer (2008) 51(5):584–8. doi: 10.1002/pbc.21670

7. Ben Abraham, R, Toren, A, Ono, N, Weinbroum, AA, Vardi, A, Barzilay, Z, et al. Predictors of outcome in the pediatric intensive care units of children with malignancies. J Pediatr Hematol Oncol (2002) 24(1):23–6. doi: 10.1097/00043426-200201000-00007

8. Evans, IVR, Phillips, GS, Alpern, ER, Angus, DC, Friedrich, ME, Kissoon, N, et al. Association between the new York sepsis care mandate and in-hospital mortality for pediatric sepsis. JAMA (2018) 320(4):358–67. doi: 10.1001/jama.2018.9071

9. Balamuth, F, Weiss, SL, Fitzgerald, JC, Hayes, K, Centkowski, S, Chilutti, M, et al. Protocolized treatment is associated with decreased organ dysfunction in pediatric severe sepsis. Pediatr Crit Care Med (2016) 17(9):817–22. doi: 10.1097/PCC.0000000000000858

10. Hann, I, Viscoli, C, Paesmans, M, Gaya, H, Glauser, M, et al. A comparison of outcome from febrile neutropenic episodes in children compared with adults: results from four EORTC studies. international antimicrobial therapy cooperative group (IATCG) of the European organization for research and treatment of cancer (EORTC). Br J Haematol (1997) 99(3):580–8. doi: 10.1046/j.1365-2141.1997.4453255.x

11. Miedema, KG, de Bont, ES, Elferink, RF, van Vliet, MJ, Nijhuis, CS, Kamps, WA, et al. The diagnostic value of CRP, IL-8, PCT, and sTREM-1 in the detection of bacterial infections in pediatric oncology patients with febrile neutropenia. Support Care Cancer (2011) 19(10):1593–600. doi: 10.1007/s00520-010-0987-6

12. Santolaya, ME, Alvarez, AM, Aviles, CL, Becker, A, King, A, Mosso, C, et al. Predictors of severe sepsis not clinically apparent during the first twenty-four hours of hospitalization in children with cancer, neutropenia, and fever: a prospective, multicenter trial. Pediatr Infect Dis J (2008) 27(6):538–43. doi: 10.1097/INF.0b013e3181673c3c

13. Yaris, N, Akyuz, C, Coskun, T, and Buyukpamukcu, M. Serum carnitine levels of pediatric cancer patients. Pediatr Hematol Oncol (2002) 19(1):1–8. doi: 10.1080/088800102753356130

14. Issaq, SH, and Heske, CM. Targeting metabolic dependencies in pediatric cancer. Curr Opin Pediatr (2020) 32(1):26–34. doi: 10.1097/MOP.0000000000000853

15. Soto-Vega, E, Carrillo-Vicente, LS, Vazquez, JC, Perez de Celis Herrero, MC, Munoz-Perez, MJ, et al. Metabolic changes in children that received chemotherapy. J Pediatr Hematol Oncol (2019) 41(6):448–51. doi: 10.1097/MPH.0000000000001401

16. Friedman, DL, and Meadows, AT. Late effects of childhood cancer therapy. Pediatr Clin North Am (2002) 49(5):1083–106. doi: 10.1016/S0031-3955(02)00032-9

17. Park, PG, Hong, CR, Kang, E, Park, M, Lee, H, Kang, HJ, et al. Acute kidney injury in pediatric cancer patients. J Pediatr (2019) 208:243–250 e3. doi: 10.1016/j.jpeds.2018.12.023

18. Santolaya, ME, Alvarez, AM, Becker, A, Cofré, J, Enríquez, N, O'Ryan, M, et al. Prospective, multicenter evaluation of risk factors associated with invasive bacterial infection in children with cancer, neutropenia, and fever. J Clin Oncol (2001) 19(14):3415–21. doi: 10.1200/JCO.2001.19.14.3415

19. Urbonas, V, Eidukaitė, A, and Tamulienė, I. Increased interleukin-10 levels correlate with bacteremia and sepsis in febrile neutropenia pediatric oncology patients. Cytokine (2012) 57(3):313–5. doi: 10.1016/j.cyto.2011.11.012

20. Phillips, RS, Wade, R, Lehrnbecher, T, Stewart, LA, Sutton, AJ, et al. Systematic review and meta-analysis of the value of initial biomarkers in predicting adverse outcome in febrile neutropenic episodes in children and young people with cancer. BMC Med (2012) 10:6. doi: 10.1186/1741-7015-10-6

21. Kitanovski, L, Jazbec, J, Hojker, S, Gubina, M, Derganc, M, et al. Diagnostic accuracy of procalcitonin and interleukin-6 values for predicting bacteremia and clinical sepsis in febrile neutropenic children with cancer. Eur J Clin Microbiol Infect Dis (2006) 25(6):413–5. doi: 10.1007/s10096-006-0143-x

22. Santolaya, ME, Cofre, J, and Beresi, V. C-reactive protein: a valuable aid for the management of febrile children with cancer and neutropenia. Clin Infect Dis (1994) 18(4):589–95. doi: 10.1093/clinids/18.4.589

23. Sakr, Y, Sponholz, C, Tuche, F, Brunkhorst, F, and Reinhart, K. The role of procalcitonin in febrile neutropenic patients: review of the literature. Infection (2008) 36(5):396–407. doi: 10.1007/s15010-008-7374-y

24. Dagher, GA, Safa, R, Hajjar, K, El Khuri, C, Saleh, A, Mailhac, A, et al. Characteristics and outcomes of pediatric septic patients with cancer: A retrospective cohort study. J Emerg Med (2019) 57(2):216–26. doi: 10.1016/j.jemermed.2019.04.018

25. Gaines, NN, Patel, B, Williams, EA, and Cruz, AT. Etiologies of septic shock in a pediatric emergency department population. Pediatr Infect Dis J (2012) 31(11):1203–5. doi: 10.1097/INF.0b013e3182678ca9

26. Hartel, C, Deuster, M, Lehrnbecher, T, and Schultz, C. Current approaches for risk stratification of infectious complications in pediatric oncology. Pediatr Blood Cancer (2007) 49(6):767–73. doi: 10.1002/pbc.21205

27. Vorwerk, C, Manias, K, Davies, F, and Coats, TJ. Prediction of severe bacterial infection in children with an emergency department diagnosis of infection. Emerg Med J (2011) 28(11):948–51. doi: 10.1136/emj.2009.087783

28. Duke, TD, Butt, W, and South, M. Predictors of mortality and multiple organ failure in children with sepsis. Intensive Care Med (1997) 23(6):684–92. doi: 10.1007/s001340050394

29. Mikkelsen, ME, Miltiades, AN, Gaieski, DF, Goyal, M, Fuchs, BD, Shah, CV, et al. Serum lactate is associated with mortality in severe sepsis independent of organ failure and shock. Crit Care Med (2009) 37(5):1670–7. doi: 10.1097/CCM.0b013e31819fcf68

30. Mato, AR, Luger, SM, Heitjan, DF, Mikkelsen, ME, Olson, E, Ujjani, C, et al. Elevation in serum lactate at the time of febrile neutropenia (FN) in hemodynamically-stable patients with hematologic malignancies (HM) is associated with the development of septic shock within 48 hours. Cancer Biol Ther (2010) 9(8):585–9. doi: 10.4161/cbt.9.8.11270

31. Musikatavorn, K, Thepnimitra, S, Komindr, A, Puttaphaisan, P, and Rojanasarntikul, D. Venous lactate in predicting the need for intensive care unit and mortality among nonelderly sepsis patients with stable hemodynamic. Am J Emerg Med (2015) 33(7):925–30. doi: 10.1016/j.ajem.2015.04.010

32. Nguyen, HB, Rivers, EP, Knoblich, BP, Jacobsen, G, Muzzin, A, Ressler, JA, et al. Early lactate clearance is associated with improved outcome in severe sepsis and septic shock. Crit Care Med (2004) 32(8):1637–42. doi: 10.1097/01.CCM.0000132904.35713.A7

33. Fuller, BM, and Dellinger, RP. Lactate as a hemodynamic marker in the critically ill. Curr Opin Crit Care (2012) 18(3):267–72. doi: 10.1097/MCC.0b013e3283532b8a

34. Scott, HF, Donoghue, AJ, Gaieski, DF, Marchese, RF, and Mistry, RD. The utility of early lactate testing in undifferentiated pediatric systemic inflammatory response syndrome. Acad Emerg Med (2012) 19(11):1276–80. doi: 10.1111/acem.12014

35. Schuh, AM, Leger, KJ, Summers, C, and Uspal, NG. Lactic acidosis in a critically ill patient: Not always sepsis. Pediatr Emerg Care (2018) 34(9):e165–7. doi: 10.1097/PEC.0000000000001603

36. Fields, AL, Wolman, SL, and Halperin, ML. Chronic lactic acidosis in a patient with cancer: therapy and metabolic consequences. Cancer (1981) 47(8):2026–9. doi: 10.1002/1097-0142(19810415)47:8<2026::AID-CNCR2820470821>3.0.CO;2-G

37. de Groot, R, Sprenger, RA, Imholz, AL, and Gerding, MN. Type b lactic acidosis in solid malignancies. Neth J Med (2011) 69(3):120–3.

38. Bakker, J, Nijsten, MW, and Jansen, TC. Clinical use of lactate monitoring in critically ill patients. Ann Intensive Care (2013) 3(1):12. doi: 10.1186/2110-5820-3-12

39. Feng, Y, Xiong, Y, Qiao, T, Li, X, Jia, L, and Han, Y. Lactate dehydrogenase a: A key player in carcinogenesis and potential target in cancer therapy. Cancer Med (2018) 7(12):6124–36. doi: 10.1002/cam4.1820

40. Koukourakis, MI, and Giatromanolaki, A. Warburg effect, lactate dehydrogenase, and radio/chemo-therapy efficacy. Int J Radiat Biol (2019) 95(4):408–26. doi: 10.1080/09553002.2018.1490041

41. Fall, PJ, and Szerlip, HM. Lactic acidosis: from sour milk to septic shock. J Intensive Care Med (2005) 20(5):255–71. doi: 10.1177/0885066605278644

42. Okorie, ON, and Dellinger, P. Lactate: biomarker and potential therapeutic target. Crit Care Clin (2011) 27(2):299–326. doi: 10.1016/j.ccc.2010.12.013

43. Scott, HF, Brou, L, Deakyne, SJ, Kempe, A, Fairclough, DL, and Bajaj, L. Association between early lactate levels and 30-day mortality in clinically suspected sepsis in children. JAMA Pediatr (2017) 171(3):249–55. doi: 10.1001/jamapediatrics.2016.3681

44. Kim, YA, Ha, EJ, Jhang, WK, and Park, SJ. Early blood lactate area as a prognostic marker in pediatric septic shock. Intensive Care Med (2013) 39(10):1818–23. doi: 10.1007/s00134-013-2959-z

45. Gorgis, N, Asselin, JM, Fontana, C, Heidersbach, RS, Flori, HR, and Ward, SL. Evaluation of the association of early elevated lactate with outcomes in children with severe sepsis or septic shock. Pediatr Emerg Care (2019) 35(10):661–5. doi: 10.1097/PEC.0000000000001021

46. Haeusler, GM, Carlesse, F, and Phillips, RS. An updated systematic review and meta-analysis of the predictive value of serum biomarkers in the assessment of fever during neutropenia in children with cancer. Pediatr Infect Dis J (2013) 32(10):e390–6. doi: 10.1097/INF.0b013e31829ae38d

47. Pacheco-Rosas, DO, Huelgas-Plaza, AC, and Miranda-Novales, MG. Serum lactate as a biomarker of severe sepsis in children with cancer, neutropenia and fever. Rev Médica del Instituto Mexicano del Seguro Soc (2014) 52(S2):24–9.

48. Suwanpakdee, D, Prasertsin, W, Traivaree, C, and Rujkijyanont, P. Serum lactate: A predictor of septic shock in childhood cancers with febrile neutropenia. Glob Pediatr Health (2021) 8:2333794X211022711. doi: 10.1177/2333794X211022711

49. Carcillo, JA, Davis, AL, and Zaritsky, A. Role of early fluid resuscitation in pediatric septic shock. JAMA (1991) 266(9):1242–5. doi: 10.1001/jama.1991.03470090076035

50. Carcillo, JA, Kuch, BA, Han, YY, Day, S, Greenwald, BM, McCloskey, KA, et al. Mortality and functional morbidity after use of PALS/APLS by community physicians. Pediatrics (2009) 124(2):500–8. doi: 10.1542/peds.2008-1967

51. Han, YY, Carcillo, JA, Dragotta, MA, Bills, DM, Watson, RS, Westerman, ME, et al. Early reversal of pediatric-neonatal septic shock by community physicians is associated with improved outcome. Pediatrics (2003) 112(4):793–9. doi: 10.1542/peds.112.4.793

52. Paul, R, Melendez, E, Stack, A, Capraro, A, Monuteaux, M, and Neuman, M. Improving adherence to PALS septic shock guidelines. Pediatrics (2014) 133(5):e1358–66. doi: 10.1542/peds.2013-3871

53. Lane, RD, Funai, T, Reeder, R, and Larsen, GY. High reliability pediatric septic shock quality improvement initiative and decreasing mortality. Pediatrics (2016) 138(4):e1–e9. doi: 10.1542/peds.2015-4153

54. Goldstein, B, Giroir, B, Randolph, A, and Sepsis, ICCoP. International pediatric sepsis consensus conference: definitions for sepsis and organ dysfunction in pediatrics. Pediatr Crit Care Med (2005) 6(1):2–8. doi: 10.1097/01.PCC.0000149131.72248.E6

55. Kazak, AE, Hocking, MC, Ittenbach, RF, Meadows, AT, Hobbie, W, DeRosa, BW, et al. A revision of the intensity of treatment rating scale: classifying the intensity of pediatric cancer treatment. Pediatr Blood Cancer (2012) 59(1):96–9. doi: 10.1002/pbc.23320

56. Jacobs, L, Berrens, Z, Stenson, EK, Zackoff, MW, Danziger, LA, Lahni, P, et al. The pediatric sepsis biomarker risk model (PERSEVERE) biomarkers predict clinical deterioration and mortality in immunocompromised children evaluated for infection. Sci Rep (2019) 9(1):424. doi: 10.1038/s41598-018-36743-z

57. Schuchat, A, Hilger, T, Zell, E, Farley, MM, Reingold, A, Harrison, L, et al. Active bacterial core surveillance of the emerging infections program network. Emerg Infect Dis (2001) 7(1):92–9. doi: 10.3201/eid0701.010114

58. Mermel, LA, Allon, M, Bouza, E, Craven, DE, Flynn, P, O'Grady, NP, et al. Clinical practice guidelines for the diagnosis and management of intravascular catheter-related infection: 2009 update by the infectious diseases society of America. Clin Infect Dis (2009) 49(1):1–45. doi: 10.1086/599376

59. Broder, G, and Weil, MH. Excess lactate: An index of reversibility of shock in human patients. Science (1964) 143(3613):1457–9. doi: 10.1126/science.143.3613.1457

60. Howell, MD, Donnino, M, Clardy, P, Talmor, D, and Shapiro, NI. Occult hypoperfusion and mortality in patients with suspected infection. Intensive Care Med (2007) 33(11):1892–9. doi: 10.1007/s00134-007-0680-5

61. Casserly, B, Phillips, GS, Schorr, C, Dellinger, RP, Townsend, SR, Osborn, TM, et al. Lactate measurements in sepsis-induced tissue hypoperfusion: results from the surviving sepsis campaign database. Crit Care Med (2015) 43(3):567–73. doi: 10.1097/CCM.0000000000000742

62. Ryoo, SM, Lee, J, Lee, YS, Lee, JH, Lim, KS, Huh, JW, et al. Lactate level versus lactate clearance for predicting mortality in patients with septic shock defined by sepsis-3. Crit Care Med (2018) 46(6):e489–95. doi: 10.1097/CCM.0000000000003030

63. Levy, MM, Fink, MP, Marshall, JC, Abraham, E, Angus, D, Cook, D, et al. 2001 SCCM/ESICM/ACCP/ATS/SIS international sepsis definitions conference. Crit Care Med (2003) 31(4):1250–6. doi: 10.1097/01.CCM.0000050454.01978.3B

64. Shapiro, NI, Howell, MD, Talmor, D, Nathanson, LA, Lisbon, A, Wolfe, RE, et al. Serum lactate as a predictor of mortality in emergency department patients with infection. Ann Emerg Med (2005) 45(5):524–8. doi: 10.1016/j.annemergmed.2004.12.006

65. Pan, W. Akaike's information criterion in generalized estimating equations. Biometrics (2001) 57(1):120–5. doi: 10.1111/j.0006-341X.2001.00120.x

66. Kebudi, R, and Kizilocak, H. Febrile neutropenia in children with cancer: Approach to diagnosis and treatment. Curr Pediatr Rev (2018) 14(3):204–9. doi: 10.2174/1573396314666180508121625

67. Singer, M, Deutschman, CS, Seymour, CW, Shankar-Hari, M, Annane, D, Bauer, M, et al. The third international consensus definitions for sepsis and septic shock (Sepsis-3). JAMA (2016) 315(8):801–10. doi: 10.1001/jama.2016.0287

68. Balamuth, F, Weiss, SL, Neuman, MI, Scott, H, Brady, PW, Paul, R, et al. Pediatric severe sepsis in Us children’s hospitals. Pediatr Crit Care Med (2014) 15(9):798–805. doi: 10.1097/PCC.000000000000022

69. Ramzi, J, Mohamed, Z, Yosr, B, Karima, K, Raihane, B, Lamia, A, et al. Predictive factors of septic shock and mortality in neutropenic patients. Hematology (2007) 12(6):543–8. doi: 10.1080/10245330701384237

70. Jeddi, R, Achour, M, Amor, RB, Aissaoui, L, Bouterâa, W, Kacem, K, et al. Factors associated with severe sepsis: prospective study of 94 neutropenic febrile episodes. Hematology (2010) 15(1):28–32. doi: 10.1179/102453310X12583347009577

71. Zakhour, R, Hachem, R, Alawami, HM, Jiang, Y, Michael, M, Chaftari, AM, et al. Comparing catheter-related bloodstream infections in pediatric and adult cancer patients. Pediatr Blood Cancer (2017) 64(10):e26537. doi: 10.1002/pbc.26537

72. Schlapbach, LJ, MacLaren, G, Festa, M, Alexander, J, Erickson, S, Beca, J, et al. Prediction of pediatric sepsis mortality within 1 h of intensive care admission. Intensive Care Med (2017) 43(8):1085–96. doi: 10.1007/s00134-017-4701-8

73. Dursun, O, Hazar, V, Karasu, GT, Uygun, V, Tosun, O, Yesilipek, A, et al. Prognostic factors in pediatric cancer patients admitted to the pediatric intensive care unit. J Pediatr Hematol Oncol (2009) 31(7):481–4. doi: 10.1097/MPH.0b013e3181a330ef

74. Owens, C, Mannion, D, O'Marcaigh, A, Waldron, M, Butler, K, O'Meara, A, et al. Indications for admission, treatment and improved outcome of paediatric haematology/oncology patients admitted to a tertiary paediatric ICU. Ir J Med Sci (2011) 180(1):85–9. doi: 10.1007/s11845-010-0634-8

75. Rr, P, Tan, EEK, Sultana, R, Thoon, KC, Chan, MY, Lee, JH, et al. Critical illness epidemiology and mortality risk in pediatric oncology. Pediatr Blood Cancer (2020) 67(6):e28242. doi: 10.1002/pbc.28242

76. Faraci, M, Bagnasco, F, Giardino, S, Conte, M, Micalizzi, C, Castagnola, E, et al. Intensive care unit admission in children with malignant or nonmalignant disease: incidence, outcome, and prognostic factors: a single-center experience. J Pediatr Hematol Oncol (2014) 36(7):e403–9. doi: 10.1097/MPH.0000000000000048

77. Sivan, Y, Schwartz, PH, Schonfeld, T, Cohen, IJ, Newth, CJ, et al. Outcome of oncology patients in the pediatric intensive care unit. Intensive Care Med (1991) 17(1):11–5. doi: 10.1007/BF01708402

78. Weiss, SL, Perez, MJ, Alhazzani, W, Agus, M,S,D., Flori, HR, Inwald, DP, et al. Surviving sepsis campaign international guidelines for the management of septic shock and sepsis-associated organ dysfunction in children. Intensive Care Med (2020) 46(1):10–67. doi: 10.1007/s00134-019-05878-6

79. Klaassen, RJ, Goodman, TR, Pham, B, and Doyle, JJ. "Low-risk" prediction rule for pediatric oncology patients presenting with fever and neutropenia. J Clin Oncol (2000) 18(5):1012–9. doi: 10.1200/JCO.2000.18.5.1012

80. Santolaya, ME, Alvarez, AM, Avilés, CL, Becker, A, Venegas, M, O'Ryan, M, et al. Prospective validation of a risk prediction model for severe sepsis in children with cancer and high-risk febrile neutropenia. Pediatr Infect Dis J (2013) 32(12):1318–23. doi: 10.1097/01.inf.0000436128.49972.16

81. Ammann, RA, Laws, HJ, Schrey, D, Ehlert, K, Moser, O, Dilloo, D, et al. Bloodstream infection in paediatric cancer centres–leukaemia and relapsed malignancies are independent risk factors. Eur J Pediatr (2015) 174(5):675–86. doi: 10.1007/s00431-015-2525-5

82. Rondinelli, PI, Ribeiro Kde, C, and de Camargo, B. A proposed score for predicting severe infection complications in children with chemotherapy-induced febrile neutropenia. J Pediatr Hematol Oncol (2006) 28(10):665–70. doi: 10.1097/01.mph.0000212996.94929.0b

83. Macher, E, Dubos, F, Garnier, N, Delebarre, M, De Berranger, E, Thebaud, E, et al. Predicting the risk of severe bacterial infection in children with chemotherapy-induced febrile neutropenia. Pediatr Blood Cancer (2010) 55(4):662–7. doi: 10.1002/pbc.22586

84. Martin, B, DeWitt, PE, Scott, HF, Parker, S, Bennett, TD, et al. Machine learning approach to predicting absence of serious bacterial infection at PICU admission. Hosp Pediatr (2022) 12(6):590–603. doi: 10.1542/hpeds.2021-005998

85. Mirro, J Jr., Rao, BN, Stokes, DC, Austin, BA, Kumar, M, Dahl, GV, et al. A prospective study of Hickman/Broviac catheters and implantable ports in pediatric oncology patients. J Clin Oncol (1989) 7(2):214–22. doi: 10.1200/JCO.1989.7.2.214

86. Adler, A, Yaniv, I, Steinberg, R, Solter, E, Samra, Z, Stein, J, et al. Infectious complications of implantable ports and Hickman catheters in paediatric haematology-oncology patients. J Hosp Infect (2006) 62(3):358–65. doi: 10.1016/j.jhin.2005.08.019

87. Eisenberg, MA, Riggs, R, Paul, R, Balamuth, F, Richardson, T, DeSouza, HG, et al. Association between the first-hour intravenous fluid volume and mortality in pediatric septic shock. Ann Emerg Med (2022) 80(3):213–24. doi: 10.1016/j.annemergmed.2022.04.008



Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Slatnick, Miller, Scott, Loi, Esbenshade, Franklin and Lee-Sherick. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Serum lactate is associated with increased illness severity in immunocompromised pediatric hematology oncology patients presenting to the emergency department with fever

      

        		

          Introduction

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusions

        



        		

          Introduction

        



        		

          Methods

        

          		

            Data source

          



          		

            Variables and outcomes

          



          		

            Statistical analysis

          



        



        



        		

          Results

        

          		

            Patient characteristics

          



          		

            Association of lactate level with clinical deterioration events within 48 hours

          



          		

            Univariate analysis results, occurrence of ≥1 CDE by risk factor

          



          		

            Multivariable analysis results, occurrence of ≥1 CDE by risk factor

          



          		

            Association of lactate level with incidence of invasive bacterial infection (IBI) within 48 hours

          



          		

            Univariate analysis results, occurrence of ≥1 IBI by risk factor

          



          		

            Multivariable analysis results, occurrence of ≥1 IBI by risk factor

          



          		

            Association of initial lactate level with secondary outcomes

          



          		

            Patients who appeared critically ill upon ED arrival

          



        



        



        		

          Discussion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Conflict of interest

        



        		

          Supplementary material

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fonc-12-990279-g002.jpg
Number of individual CDE qualifying events by category

Bolus IVF administration

Vasopressor initiation
Ward to PICU transfer
Respiratory fatlure

Altered mental status

Encounters with 1 CDE qualifying cvent

Death m Encounters with >1 CDE qualifying cvents

0 10 20 30 40
Number of CDE qualifying events





OEBPS/Images/table2.jpg
Risk Factor

Lactate (mmol/L), continuous

Age in years

"Chemotherapy intensity
Very (level 3)
Least/moderate (levels 1&2)

“ED clinical status
Hypotension

Tachycardia

Reterence

Most (level 4)

No
No

QIC of model without lactate: 325, QIC with lactate: 305

QIC, Quasilikelihood under the Independence model Criterion; ED, Emergency department.
*Based on Intensity of Treatment Rating criteria (Kazak, et al. Pediatric Blood & Cancer, 2012).
"Hypotension and tachycardia refer to presence of age-based vital sign abnormalities within two hours of ED arrival.

Odds Ratio

1.82
113

0.30
0.56

6.49
378

95% CI

143,232
107, 1.19

0.11,0.78
021, 1.51

2.64, 15.99
1.61, 8.84

p value

<0.001

<0.001
0.03
0.01
0.25

<0.001
<0.01





OEBPS/Images/fonc-12-990279-g004.jpg
>

% of encounters with =1 IBI

Occurrence of =1 IBI, by lactate level
100 - n=204 n=459 n=153 n=49 n=20 n=12

@ =1 IBI
0 No IBI
80
60
40—-
20
079 . ® ©® o 0
» P P P P S
Q7 N LW X 7
NPTV
Lactate (mmol/L)

Sensitivity

=1 IBI by lactate level, ROC curve

[ Lactate [1.0[2.0[3.0]40]50]

A
|Specificity|0.24]0.75]0.92]0.97] 0.99

08 06 04 02 00
Specificity





OEBPS/Images/fonc-12-990279-g001.jpg
1,290 total
372 encounters excluded encounters

* Fever evaluation within prior 72 hours
* Arrived from OSF or via EMS

*>6 months off therapy
* Underlying metabolic condition

5 TR -

*Not included in analysis
*Systolic BP <5 percentile on intake vital signs
*>1 CDE within 2 hours of ED arrival

*Transfer to PICU within 2 hours of ED arrival 897 encounters
* Provider documentation of critical appearance . . .
included in analysis

>1 Clinical deterioration event >1 Invasive bacterial infection
(CDE) within 48 hours (IBI) within 48 hours

Yes Yes

n=849 (95%) n=48 (5%) n=801 (89%) =96 (11%)






OEBPS/Images/table3.jpg
Risk Factor

Lactate (mmol/L), continuous

Type of venous access
External tunneled catheter
PICC line
Peripheral IV

Chills or rigors

*Neutropenic, yes

Reference

Implanted port

No
No

QIC of model without lactate: 579, QIC with lactate: 563

Odds Ratio

1.49

4.28
5.56
0.77
223
254

PICC, Peripherally inserted central catheter; QIC, Quasilikelihood under the Independence model Criterion.
*Neutropenia defined as absolute neutrophil count <0.5 x10°/uL.

95% CI

123, 1.79

232,787
1.29, 23.90
0.10, 6.19
1.04, 4.80
1.60, 4.03

p value

< 0.001
< 0.001
< 0.001
0.02
0.81
< 0.001
< 0.001





OEBPS/Images/logo.jpg
& frontiers | Frontiers in Oncology





OEBPS/Images/fonc.2022.990279_cover.jpg
, frontiers ‘ Frontiers in Oncology

Serum lactate is associated with
increased iliness severity in
immunocompromised pediatric
hematology oncology patients
presenting to the emergency
department with fever





OEBPS/Images/table1.jpg
Characteristic

Number of unique patients

Age in years, median (IQR)

Sex
Female
Male

Underlying Diagnosis
Acute lymphoblastic leukemia
Acute myeloid leukemia
Lymphoma
Solid Tumor
CNS Tumor
*Other

Phase of therapy
On therapy
New diagnosis during ED encounter
Off therapy within <6 months

HSCT within past 6 months, yes
Allogeneic
Autologous

"TChemotherapy intensity
Most (level 4)
Very (level 3)
Least/moderate (levels 1&2)
Unknown/other

Venous catheter type
Implanted port
External tunneled catheter
PICC line
Peripheral IV

“Initial ED laboratory values
Lactate in mmol/L, median (IQR)
Lactate <2 mmol/L, categorical (n, %)
Lactate 2-4 mmol/L, categorical (n, %)
Lactate >4 mmol/L, categorical (n, %)
Absolute monocyte count (xlOslpL)
Absolute lymphocyte count (x10°/uL)
Absolute neutrophil count (xlosluL)

$Neutropenic, yes (n, %)

All encounters (n=897)

n (%)

456
6.5 (3.8,11.7)

366 (41%)
531 (59%)

421 (47%)
13 (1%)
65 (7%)

277 (31%)

116 (13%)
5 (0.6%)

885 (99%)
5 (0.6%)
7 (0.8%)
52 (6%)
18 (2%)
34 (4%)

94 (11%)
529 (59%)
267 (30%)
7 (0.8%)

769 (86%)
102 (11%)
10 (1%)
15 (2%)

14 (10, 2.0)
665 (74%)
200 (22%)
32 (4%)
0.22 (0.03, 0.54)
0.38 (0.16, 0.88)
0.76 (0.04, 3.57)
414 (46%)

CDE within 48 hours (n=48)

n (%)

45
124 (7.0, 15.7)

19 (40%)
29 (60%)

22 (46%)
1.(2%)
4 (8%)

17 (35%)
4(8%)
0 (0%)

48 (100%)
0 (0%)
0 (0%)
3 (6%)
0 (0%)
3 (6%)

9 (18%)

25 (52%)
14 (29%)
0 (0%)

38 (79%)
8 (17%)
1(2%)
1(2%)

20 (1.4, 3.0)

21 (44%)

20 (42%)

7 (15%)
0.06 (0.01, 0.30)
027 (0.09, 0.75)
0.13 (0.01, 1.46)

29 (60%)

IBI within 48 hours (n=96)
n (%)

85
69 (3.1, 12.9)

45 (47%)
51 (53%)

43 (45%)
2 (2%)
7 (7%)

30 (31%)

13 (14%)
1 (1%)

98 (96%)
0 (0%)
4 (4%)

12 (12%)
8 (8%)
4 (4%)

17 (18%)

56 (58%)

22 (23%)
1 (1%)

67 (70%)
24 (25%)
4 (4%)
1 (1%)

17 (12,23)

61 (64%)

35 (36%)

10 (10%)
0.04 (0.01, 0.27)
021 (0.08, 0.65)
0.06 (0.01, 2.48)

63 (66%)

CDE, Clinical deterioration event IBI, Invasive bacterial infection; IQR, Interquartile range; CNS, Central nervous system; PICC, Peripherally inserted central catheter; HSCT,
Hematopoietic stem cell transplantation; ED, Emergency department.

“Other: Aplastic anemia (n=3), antiphospholipid syndrome (n=1), -thalassemia (n=1).

"Includes patients receiving chemotherapy or within 6 months of HSCT.

""Based on Intensity of Treatment Rating criteria (Kazak, et al. Pediatric Blood & Cancer, 2012).

“Initial values within two hours of ED arrival (lactate in mmol/L and white blood cell counts) are reported as median (IQR). Categorical lactate levels and presence of neutropenia are

reported as n (%).

SNeutropenia defined as absolute neutrophil count <0.5 x10*/uL.





OEBPS/Images/fonc-12-990279-g003.jpg
% of encounters with =1 CDE

Occurrence of =1 CDE, by lactate level

100 n=204 n=459 n=153 n=49 n=20 n=12

80

20

0 N N 9‘3

S LR LN
S\R NN N g
o oMo RS

:5-
D

Lactate (mmol/L)

Sensitivity

=1 CDE by lactate level, ROC curve
0

10 08 06 04 02 00

Specificity





