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Objectives: We aimed to describe Familial Hemophagocytic Lymphohistiocytosis (F-HLH) patients' clinical features, intensive care courses, and outcomes.



Methods: Multi-center retrospective cohort study of pediatric patients diagnosed with F-HLH from 2015 to 2020 in five tertiary centers in Saudi Arabia. Patients were classified as F-HLH based on their genetic confirmation of known mutation or on their clinical criteria, which include a constellation of abnormalities, early disease onset, recurrent HLH in the absence of other causes, or a family history of HLH.



Results: Fifty-eight patients (28 male, 30 female), with a mean age of 21.0 ± 33.9 months, were included. The most common principal diagnosis was hematological or immune dysfunction (39.7%), followed by cardiovascular dysfunction in 13 (22.4%) patients. Fever was the most common clinical presentation in 27.6%, followed by convulsions (13.8%) and bleeding (13.8%). There were 20 patients (34.5%) who had splenomegaly, and more than 70% of patients had hyperferritinemia >500 mg/dl, hypertriglyceridemia >150 mg/dl and hemophagocytosis in bone marrow biopsy. Compared to deceased patients 18 (31%), survivors had significantly lower PT (p = 041), bilirubin level of <34.2 mmol/L (p = 0.042), higher serum triglyceride level (p = 0.036), and lesser bleeding within the initial 6 h of admission (p = 0.004). Risk factors for mortality included requirements of higher levels of hemodynamic (61.1% vs. 17.5%, p = 0.001) and respiratory (88.9% vs. 37.5%, p < 0.001) support, and positive fungal cultures (p = 0.046).



Conclusions: Familial HLH still represents a challenge in the pediatric critical care setting. Earlier diagnosis and prompt initiation of appropriate treatment could improve F-HLH survival.
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Article summary

We describe Familial-HLH clinical features, PICU courses, and outcomes, as HLH still presents a pediatric challenge. Earlier diagnosis and prompt management could improve F-HLH survival.



What's known on this subject

Familial hemophagocytic lymphohistiocytosis (F-HLH) and severe sepsis share similar inflammatory phenotypes, often leading to multiple organ dysfunction syndrome needing intensive care. Consequently, F-HLH is frequently mistaken for infection with severe sepsis, and its diagnosis is often delayed.



What this study adds

This multi-center experience of F-HLH in PICUs over 5 years helps to identify the clinical course in the acute setting and recognize the clinical features that may be associated with worse outcomes, including mortality and ICU length of stay.



Introduction

Hemophagocytic lymphohistiocytosis (HLH), also known as hemophagocytic syndrome, is a rare, often under-recognized life-threatening condition caused by uncontrolled activation of T lymphocytes and macrophages in addition to an impaired cytotoxic function of natural killer (NK) cells, which results in a massive cytokine release. As a result of failure to downregulate activated macrophages and lymphocytes, a hyperinflammatory phenotype ensues (1). The disease progresses rapidly in the absence of treatment with etoposide, immunosuppressive agents, or bone marrow (BM) transplantation (2).

The clinical presentation of HLH is variable. Cardinal signs and symptoms include fever, coagulopathy, hepatitis, CNS vasculitis and demyelination, acute respiratory distress syndrome, bone marrow hyperplasia or aplasia, pancytopenia, and hemophagocytosis (1). HLH commonly occurs in infancy, although it has been reported in all age groups. Over the last decade, the inclusion criteria of the HLH-2004 trial have been utilized for defining and diagnosing HLH (3). HLH is categorized as primary/familial (F-HLH; autosomal recessive) and secondary (S-HLH; triggered by infections, malignancy, and autoimmune disorders). Primary HLH is caused by genetic mutations of the FLH loci. Mutations in other genes (PRF1, UNC130, STX11, STBP2, RAB27A, LYST, SH2DIA, and XIAP) are usually associated with primary immunodeficiency syndrome have also been implicated in the pathogenesis. Secondary HLH occurs in the setting of bacterial and viral infections, malignancy (including T and B cell lymphomas), autoimmune diseases, and certain metabolic imbalances (4–9).

To our knowledge, the capacity to diagnose and treat HLH varies among different pediatric centers nationwide. We thus conducted a retrospective study on pediatric HLH in five tertiary hospitals in Saudi Arabia to investigate the epidemiologic, general clinical features, the PICU course, and the outcome of HLH.



Materials and methods

We conducted a multicenter retrospective cohort study, assessing patients between the ages of 0–14 years, which is the age of the pediatric population/group in PICU in Saudi Arabia diagnosed with Familial HLH and admitted to PICU in one of five tertiary healthcare centers in three major cities in Saudi Arabia: King Khalid University Hospital (KKUH), King Fahad Medical City (KFMC) and King Saud Medical City (KSMC) in Riyadh, King Fahad Specialist Hospital (KFSH) in Dammam and King Faisal Specialist Hospital and Research Center (KFSHRC) in Jeddah from December 2019 to September 2020. The study protocol is approved by the institutional review boards of respective centers. HLH 2004 criteria (3) were implemented at the time of diagnosis. Data was obtained by reviewing electronic medical records and included family history, demographics, clinical and laboratory findings, therapeutic protocols, and Mortality within 28 days after PICU admission. All patients in our study were classified as F-HLH based on their genetic confirmation of known mutation or clinically suspected if a genetic diagnosis was not feasible, which include a clinical constellation of abnormalities, early disease onset, recurrent HLH in the absence of other causes, or family history of HLH.

The patient's system dysfunction was defined based on the Organ Dysfunction Criteria (10). Respiratory dysfunction was defined as PaO2/FIO2 less than 300 in the absence of cyanotic heart disease or preexisting lung disease, PaCO2 more than 65 torrs or 20 mm Hg over baseline, needing more than 50% FIO2 to maintain saturation ≥92%, or the need for non-elective invasive or noninvasive mechanical ventilation. Cardiac dysfunction was based on the presence of hypotension, need for vasoactive drugs to maintain BP, or two of the following: unexplained metabolic acidosis: base deficit, increased arterial lactate more than double the normal, oliguria, prolonged capillary refill, or core to peripheral temperature gap more than 3°C. Neurological dysfunction was defined as a Glasgow Coma Scale ≤11 or acute change in mental status with a decrease in GCS ≥3. Hepatic dysfunction was defined as total bilirubin ≥4 mg/dl or ALT 2 times the upper limit of normal for age. Renal dysfunction was defined as a serum creatinine ≥2 times the upper limit of normal for age or a 2-fold increase in baseline creatinine. Hematological dysfunction has been defined as cytopenia affecting at least 2 of lineages in peripheral blood: hemoglobin level <9 g/dl (anemia), total leucocytic count <4,000/µl (leucopenia), or platelet count <100,000/µl (thrombocytopenia) and coagulation disorder that was defined by a PT (prothrombin time) <50% and/or fibrinogen level <2 g/L or elevated fibrin degradation products (11–13). The immune dysfunction in HLH refers to the abnormality in the immune system's functioning, leading to the uncontrolled activation of T cells and macrophages. This activation results in the excessive production of cytokines such as interferon-gamma, tumor necrosis factor-alpha, and interleukin-6. The overproduction of cytokines leads to a hyperinflammatory state, causing tissue damage and the clinical features of HLH. Immune dysfunction was defined according to the HLH diagnostic criteria as follow: low or absent NK-cell activity and soluble CD25 (i.e., soluble IL-2 receptor) ≥2,400 U/ml (14).

We analyzed the data using the Statistical Package for Social Sciences (SPSS) version 23.0 (SPSS Inc, IBM, Armonk, New York, USA). Test of distribution normality was done using the Shapiro-Wilk test. Descriptive statistics are presented as numbers and percentages for categorical variables and as mean, standard deviation, or median and range for continuous variables based on variables' distribution. Significant difference in the proportions was done by the Chi-square test. The difference between means for normally distributed variables was made using the independent t-test, whereas the non-parametric Mann–Whitney U test was done for skewed distribution. P-values of <0.05 were considered statistically significant. The multivariate analysis was done to test for independent predictors for mortality (logistic regression) and prolonged PICU length of stay (linear regression). Variables that were deemed clinically meaningful or statistically significant in bivariate analyses were included in the regression models. The co-linearity among these factors was assessed using the variance inflation factor (VIF).

Ethical statement: Approval was granted by the institutional review board (IRB) of King Saud University, Riyadh, Saudi Arabia (Ref 19/0255/IRB, date December 26, 2019). The IRB waived the informed consent for the retrospective nature of data, and the study was conducted in accordance with the ethical standards of the IRB and with the Helsinki Declaration of 1975.



Results

A total of 58 patients, 28 (48.3%) male, and 30 (51.7%) female, with a mean age of 21.0 ± 33.9 months, were included in the study. Fifty (86.2%) were Saudi nationals. First-degree consanguinity was seen in 22 (37.9%) patients. Table 1 shows the detailed demographic and clinical characteristics of all the patients.


TABLE 1 Demographic and clinical characteristics of studies patients diagnosed with F-HLH.
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The most common principal diagnosis was hematological dysfunction (n = 23, 39.7%) followed by cardiovascular dysfunction in 13 (22.4%) patients. Respiratory dysfunction was seen in 37 (63.8%), and hepatic dysfunction was noted in 29 patients (50.0%). Fever was the most common clinical presentation (n = 16, 27.6%), convulsions (n = 8, 13.8%), and bleeding (n = 8, 13.8%) four of which were pulmonary in nature. Based on the HLH-2004 diagnostic criteria and therapeutic guidelines for HLH, there were 31 (53.4%) who had splenomegaly >3 cm below the rib limit, and more than 70% of our patients had hyperferritinemia >500 mg/dl, hypertriglyceridemia >150 mg/dl and hemophagocytosis in the bone marrow (14).

Figure 1 shows the identified F-HLH genes among studied patient. We identified 25 patients (43%) with genetic diagnosis of F-HLH. The remaining patients (n = 33), we could not find a genetic testing for F-HLH at their medical records. They were diagnosed based on the diagnostic criteria of HLH as described in the methodology section.


[image: Figure 1]
FIGURE 1
Identified F-HLH genes among studied patients.


Table 2 shows comparison of demographic and clinical characteristics among F-HLH survivors and non-survivors. Illness severity scores (PIM-2) showed significant differences between the two groups. Among the other variables, the use of invasive mechanical ventilation and the requirement of inotropes were significantly associated with non-survival, with p-values of <0.001 and 0.001, respectively. Bleeding observed within 6 h of PICU admission was also associated with mortality (p-value 0.004). Blood culture positive growth was seen in 40 patients (68.9%), positive for bacteria in 13 patients (22.4%), and fungi in 6 patients (10.3%), while 21 patients had positive results for viral PCR (36.2%). Fifteen bacterial cultures came up positive (two patients had two bacteria isolated), of which the most common bacterial isolate was Staphylococcus epidermidis in four cases, followed by Klebsiella pneumoniae in three cases, and two each for Escherichia coli, Pseudomonas aeruginosa, Acinetobacter, and Stenotrophomonas maltophilia. There was no significant difference in the proportion of patients who had positive cultures for bacteria or viruses as to survival (p = 0.981 and p = 0.370, respectively). However, a greater proportion of patients who had a positive culture for fungi did not survive (p = 0.046).


TABLE 2 Comparison of demographic and clinical characteristics between survivors and non-survivors.
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Table 3 shows comparison of laboratory characteristics upon admission between survivors and non-survivors. Laboratory parameters showed that F-HLH patients who survived had significantly lower mean PT levels (p = 0.041). Mean serum triglyceride level was significantly higher among F-HLH patients who survived (p = 0.036). Mortality was higher among patients who had bilirubin levels of ≥34.2 mmol/L (p = 0.042), and significantly more patients who had bleeding within the 6 h of admission died (p = 0.004). Use of inotrope and invasive mechanical ventilation were significantly greater among patients who did not survive than those who survived (61.1% vs. 17.5%, p = 0.001 and 88.9% vs. 37.5%, p < 0.001, respectively). Positivity for fungal culture was significantly higher among patients who did not survive (22.2% vs. 5.0%, p = 0.046). No other significant differences in the proportion of patients and in the mean levels of parameters that were investigated between patients who survived and those who did not survive.


TABLE 3 Comparison of laboratory characteristics upon admission between survivors and non-survivors.
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Table 4 shows the multivariate logistic regression analysis for independent predictor for mortality The PIM-2 scores and hepatic dysfunction were associated with mortality upon adjustment of the other factors.


TABLE 4 Multivariate logistic regression analysis for independent predictor for mortality.
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Supplementary Table S1 shows the multivariate linear regression analysis for factors associated with prolonged PICU length of stay (LOS).



Discussion

The present multicenter study is the first to report the clinical features and survival outcomes of children with F-HLH requiring PICU admission in Saudi Arabia. A total of 58 F-HLH patients were included in the study from four large PICUs.

The incidence of F-HLH in Saudi Arabia is unknown; however, it is expected to be higher than reports from North America and Europe, given the high consanguinity in our population (16–18). Thus, there is a need to develop a national protocol that standardizes the diagnostic and treatment approaches of children presenting with features of HLH and collect data prospectively, aiming to improve the survival of this life-threatening condition. The clinical team at Boston Children's Hospital published a very interesting collaborative approach to diagnosing and treating HLH and macrophage activation syndrome (MAS) and proposed quality improvement outcome measures such as time to HLH/MAS diagnosis, time to initiate therapy, length of hospital stay, need for ICU care, and mortality (19).

In our cohort, the most frequent organ dysfunction at PICU presentation was respiratory in two-thirds of patients, which seemed higher than what was reported in other HLH cohorts (20, 21). On the other hand, hepatic dysfunction in half of our patients, and neurological compromise in one-third were similar to other reports in the literature (20, 21). Nandhakumar et al., reported that among 52 children with HLH, 13% had Familial HLH, and 87% had secondary HLH. Their manifestations were fever in all of the 52 patients, organomegaly in 87%, respiratory distress in 54%, and neurological symptoms in 31% (22). Among another PICU HLH patients, mostly (N = 60/62) secondary HLH, had various complications, such as shock (71%), AKI (66.1%), ARDS (41.9%), DIC (54.8%), CNS dysfunction (54.8%), MODS (82.3%), and healthcare-associated infections (14.5%) (23). Therefore, Zhang et al. recommended from their literature review that, especially in the active familial HLH, surveillance should focus on potential complications, such as bleeding, respiratory distress, hypotension, neurologic involvement, malnutrition, liver, infection, or other organs failure (24).

It is noteworthy that the literature also compares the cytokine release syndrome which could lead to such multiorgan involvement in HLH with the COVID-19 cytokine storm (25). A case report of HLH associated with COVID-19 presents more clinical challenges that coinfection may cause in children (26). Future research on multimodal therapies for cytokine release syndrome could show more potential (27).

In our study, the most frequent causes of PICU admission are hematological derangement, followed by cardiovascular compromise and respiratory failure.

Nearly 20% of our cohort had an initial diagnosis of cardiovascular dysfunction (shock) upon PICU admission, and around 30% of the patients required vasoactive drugs during their PICU course (stay). A study by Li et al. has identified the shock as strong risk factor for mortality in pediatric patients with HLH (14), Whereas in another study by Parajuli et al. on 62 pediatric patients with HLH admitted to PICU, they reported that 70% of the patients had a primary diagnosis of shock and the non-survivors had a higher need for vasoactive drugs (23).This association was demonstrated in another case series by Leow et al. (28). Our analysis's result was consistent with these reports. where we found that the non-survivors had a higher need for inotropes (28).

Coagulopathy and bleeding among HLH patients represent a major challenge in the critical care setting that necessitate a proper investigation and therapeutic intervention to control it. In our cohort, eight patients had significant bleeding within 6 h of admission to the PICU, half of them, the source of bleeding was pulmonary hemorrhage. Our analysis showed that the bleeding was significantly associated with non-survivors. There was no significant statistical difference between the survivors and non-survivors in terms of hematological laboratory results such as hemoglobin level, WBC, and platelets count, and APTT, except for PT which was significantly shorter in the survivor group. Several reports indicated that the need of high blood product transfusion and coagulopathy were factors associated with higher mortality in children with HLH (29, 30).

Our study showed that the overall mortality rate during the PICU stay was 31%. The mortality rate ranged between 21% and 59% in a few studies that assessed the PICU outcome of children with HLH (23, 28, 31–33), HLH-94 and HLH-2004 studies did not report the outcome of HLH patients requiring ICU care; however, the mortality rate at two months was 14% in both studies (34, 35).

Thus, it is essential to optimize PICU care to lower the rate of early morbidities and mortality, aiming to further improve the outcome of F-HLH as the probability of survival remains suboptimal at 5-year and ranges between 51% and 59%, as reported in HLH-94, HLH-2004, and a large Saudi single-institution experience (34–36). The multivariate analysis for prolonged PICU LOS revealed that younger age, higher PIM-2 scores, direct bilirubin, fibrinogen, creatinine, and lower triglycerides and platelets. This multisystem involvement reflects the level of organ support and the need for critical care-related monitoring and therapeutics. Another interesting observation is that 41% enrolled in this study had an unscheduled PICU readmission. This is significantly higher than the reported 2.5%–3.7% rate of unscheduled PICU readmission among children with various disorders who requires PICU (37–39). It is crucial to identify factors contributing to the high PICU readmission in our population, given that inferior outcome was reported in children requiring PICU readmission (37, 38, 40).

Factors associated with increased risk of mortality in our study included the need for mechanical ventilation, inotropes use, hyper-bilirubinemia, prolonged prothrombin time, bleeding within 6 h of PICU admission, and fungal infections. There was a statistically significant higher median PIM scores among non-survivors compared to survivors, as expected. Compared to neurological and renal dysfunction, the involvement of hepatic dysfunction and its association with mortality in bivariate analysis was consistent with multivariate analysis when adjusted for age and critical illness severity score. Most of our patients were transferred from the inpatient floor to PICU (58%) with relatively long hospital admission prior to the transfer, an average of 9.9 days. It is unclear whether a delay in reaching the diagnosis of HLH or initiating proper therapy and supportive care contributed to the need for ICU care in our study (41).

In other studies, among HLH patients requiring PICU admission, poor prognostic factors included a worse PIM score, mechanical ventilation, dialysis, frequency of blood transfusion, and inotropic support (23, 28). Risk factors of early mortality in children with newly diagnosed HLH, regardless of the need for PICU care, included hyperbilirubinemia, high ferritin >2,000 µg⁄L, CSF pleocytosis, respiratory failure, coagulopathy, MODS, neutropenia, and hypoalbuminemia (14, 30, 42). Most of these factors are not modifiable, highlighting the need for prompts diagnosis of HLH and timely initiation of HLH therapy to prevent disease progression and the need for ICU care.

Interestingly, our study showed that the proportion of patients on HLH-2004 and the starting days of this therapy was comparable between survivors and non-survivors. HLH-2004 treatment and steroids were started early in our patients, an average of 3 days from PICU admission. This probably indicates that pre-PICU management had an influence on the outcome in our cohort.

The results of this study need to be interpreted in view of its limitations. Given the low prevalence and rare occurrence of the F-HLH, a relatively small number of cases were included despite the multicenter approach. In addition, the data represent the PICU cohort of F-HLH, which needs to be considered for external validation when comparing other non-PICU cohorts of F-HLH. For instance, we did not collect data on the timing of the diagnosis of HLH and treatment before the PICU transfer.



Conclusion

Among our studied patients with F-HLH, survivors had significantly lower PT, lower bilirubin level and lesser bleeding within the initial 6 h of admission. Contrary, risk factors for mortality included higher levels of hemodynamic and respiratory support, and positive fungal cultures. The current study emphasizes the need to have a better characterization of F-HLH in the PICU settings, which represents diagnostic and therapeutic challenges and relatively exhaust the resources for multi-organ support. F-HLH still represents a challenge in the pediatric critical care setting, and earlier diagnosis and prompt management could improve survival.
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Coefficients

Estimate | Standard Error | Standardized® | Odds Ratio z p | Lower bound | Upper bound

(Intercept)
Age (in months) —~0.001 0.007 —0028 0999 0927 o014
PIM-2 Score 0073 0032 ~1106 0930 0021 ~0135
Hepatic Dysfunction, (Yes) | —1.991 0.774 | —1.991 0137 0010 ~3.507
Neurological Dysfunction, (Yes) | ~0.986 0774 0986 0373 0203 —2503
Renal Dysfunction, (Yes) 2439 1300 —2439 0087 0061 4986

Survival (28 days' survival of PICU admission) level “Yes™ coded as class 1 Model performance metrics. AUC = 0.80, Sensitivity = 0.80, Specificity = 0.67, Precision = 0.75.

PIM-2, pediatric index of mortality-2.
astandardized estimates represent estimates where the continuous predictors are standardized (X-standardization).
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Number =18

Variables Normal range (Lab Results)

Blood gas analysis
PCO2, Mean (SD) 409 (193) 35-45 mmHg 4244213
PH, Mean (SD) 73 (02) | 735-7.45 | 73:02

37.8+14.1
73402 | os

t ical studies
RBC, Mean (SD) 35(18) 32-48x10"/L 36+21 33209 0530
Hb, Mean (SD) 87(18) 9.5-135 gn/dL 86416 88+22 0747
WBC, median (IQR) 37 (67) 6-18 X 10°/L 48 (99) 22(67) 0475
Neutrophils, median (IQR) 19 (28.2) 1-9x 10°/L 2.1 (233) 3.0 (67.1) 0273
Lymphocytes, median (IQR) 168 (36.0) 2-17x 10°/L 4.6 (45.5) 6.3 (29.2) 0.264
Eosinophils, median (IQR) 0(0.1) 02-08x 10°/L 001 (035) 0(0.02) 0359
Platelets, median (IQR) 450 (96.0) 140-450 x 10°/L. 805 (136) 250 (77.0) 0.466
PT, median (IQR) 170 (8.1) 12155 158 (56) 199 (105) 0041
aPTT, median (IQR) 414 (228) 27-39s 3938 (236) 490 (512) 0.635
INR, median (IQR) 13 (1.1) 08-13s 1.4 (0.5) 15 (2.7) 0.774
D-Dimer, median (IQR) 2.1 (9.1) 0.220.45 meg/ml 13 (2.6) 7.2 (15.4) 0.018
Fibrinogen, Mean (SD) 16 (09) 2-4 gm/L 16+10 14207 0.486
Blood chemistry and biochemical studies
Blood urea, median (IQR) 38 (47) 14-6.8 mmol/L 40 (34) 44 (85)
Creatinine, median (IQR) 250 (30.5) 18-35 pumol/L. 270 (187) 310 (425) 0362
Uric acid, median (IQR) 1600 (109.0) 120-320 pmol/L. 127.0 (106.0) 189.0 (134.0) 0,656

Albumin, Mean (SD) 276 (5.7) 34-50 gm/L 278+62 271546 0685
Total proteins, Mean (SD) 504 (9.4) 56-75 gm/L 516+104 479+64 0202
Ferritin, median (IQR) 4390.0 (11,248.1) 13-150 meg/L 4,390.0 (14,807.6) 5,836.5 (12,675.6) 0453
Triglycerides, Mean (SD) 30 (17) 034-1.13 mmol/L 33%17 23%14 0036

Cholesterol, Mean (SD) 32 (1.6) 3.2-5.2 mmol/L.

32:15 3220

Liver function tests
Total bilirubin, median (IQR) 360 (924) 3-17 pmol/L 138 (45.2) 469 (68.0) 0123
Direct bilirubin, median (IQR) 278 (90.1) 0-3 ymol/L 57 (382) 350 (65.0) 0399
Indirect bilirubin, median (IQR) 98 (7.4) 2-17 pmol/L 84(62) 110 (5.8) 0745
AST, median (IQR) 3427 (549.0) 15-37 unit/L 169.5 (488.0) 1,000.0 (2,690.0) 0366
ALT, median (IQR) 123.0 (405.3) 20-65 unit/L 1000 (144.0) 250.0 (865.0) 0602
GGT, median (IQR) 439.0 (124.0) 5-55 unit/L 2450 (174.0) 112.0 (225.0)

Serum i
Ig E, median (IQR) 37 (92) 0.00-100 KU/L 7.1 (1116) 3.7 (10)
Ig M, median (IQR) 38 (43) 0200-0.870 gm/L. 0.6 (0.6) 0.6 (07) 0726
Ig G, median (IQR) 116 (5.6) 2.51-9.06 gm/L. 7.6 (44) 7.0 (66) 0.166
Ig A, median (IQR) 29 (1.7) 0013-0530 gm/L. 09 (0.9) 08 (0.9) 0920
Laboratory ities (Grouped)
Cytopenia, n (%) 37 (63.8%) - 12 (66.7%) 25 (62.5%) 0760
Neutrophil <1.0 x 10°/L, n (%) 17 (34.7%) = 10 (28.6%) 7 (50.0%) 0.155
Hgb <90 g/L, n (%) 32 (55.2%) - 23 (57.5%) 9 (50.0%) 0595
Hemophagocytosis, (%) 44 (75.9%) - 28 (70.0%) 16 (88.9%) 0120
Fibrinogen <1.5 g/L, n (%) 25 (50.0%) - 17 (47.2%) 8 (57.1%) 0529
‘Triglycerides >3 mmol/L, n (%) 18 ( e 15 (41.7%) 3 (20.0%) 0.140
Ferritin 2500 ug/L, n (%) 46 (92.0%) - 35 (92.1%) 11 (91.7%) 0.961
ALT 2100 U/L, 7 (%) 26 (44.8%) - 17 (425%) 9 (50.0%) 0595
AST 2100 U/L, n (%) 28 (62.2%) - 18 (60.0%) 10 (66.7%) 0.664
Bilirubin >34.2 mmol/L, n (%) 28 (48.3%) - 16 (41.0%) 12 (70.6%) 0042

N, number: SD, standard deviation; IQR, inter-quartile range;

PT, prothrombin time; aPTT, activated partial time; INR, i ion ratio; AST, aspartate transaminase; ALT, alanine transaminase; GGT,
asrrwris-chitarl Mrarspentidese: . knvmodiobulin:
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Variables Survivors Numb: 40 | Non-Survivors Number=18 | p-values
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Age in months, Mean (SD) 210 (339) 232 (394) 162162 0476
Age (<12 months), 1 (%) 34 (58.6%) 24 (60.0%) 10 (55.6%) 0751
Male sex, n (%) 30 (51.7%) 21 (70.0%) 9 (30.0%) 0.860
Vital Signs
‘Temperature at admission, Mean (SD) 369 (1) 369 (1.1) 370+12 0717
Heart rate, bpm, Mean (SD) 1444 (292) 1422£292 149.0 294 0419
Respiratory rate per minute, Mean (SD) 432 (136) 426+129 446+ 15.1 0621
Systolic BP, mmHg, Mean (SD) 968 (19.5) 976+194 948 +20.1 0617
Diastolic BP, mmHg, Mean (SD) 541 (166) 542156 539185 0956
SPO2 at admission, Mean (SD) 964 (2.9) 96629 960=28 0440
Clinical Characteristics and Organs Dysfunction
PIM-2 score, Median (IQR)) 115 (15.4) 73 (102) 161 (18.7) 0030
GCS at admission, Mean (SD) 121 (35) 12135 12134 0993
CNS involvement, 7 (%) 18 (31.0%) 12 (30.0%) 6 (33.3%) 0800
Cardiac dysfunction, n (%) 16 (28.1%) 9 (23.1%) 7 (38.9%) 0217
Respiratory dysfunction, 1 (%) 37 (638%) 23 (575%) 14 (77.8%) 0137
Hepatomegaly, n (%) 42 (72.4%) 30 (75.0%) 12 (66.7%) 0511
Hepatic dysfunction, n (%) 29 (50.0%) 18 (45.0%) 11 (61.0%) 0256
n (%) 31 (53.4%) 22 (56.4%) 9 (50.0%) 0.652
Lymphadenopathy, n (%) 6 (10.3%) 1(5.6%) 5 (13.2%) 0390
Bleeding within 6 h of admission, 7 (%) 8 (13.8%) 2 (5.0%) 6 (33.3%) 0004
Positive blood cultures
Positive culture for bacteria, 7 (%) 13 (224%) 9 (22.5%) 4(222%) 0.981
Positive culture for fungi, n (%) 6 (10.3%) 2 (5.0%) 4 (22.2%) 0.046
Positive for viruses, 1 (%) 21 (36.2%) 16 (40.0%) 5 (27.8%) 0370
treatment
Low flow oxygen therapy, r (%) 20 (345%) 12 (60%) 8 (40%) 0416
Low flow oxygen therapy days, mean (SD) 26 (21) 25+20 30426 0634
HFOT/ NIV, n (%) 18 (31.0%) 11 (27.5%) 7 (38.9%) 0386
Conventional mechanical ventilation and HFOV, 7 (%) 31 (53.4%) 15 (37.5%) 16 (88.9%) <0.001
Inotrope use, n (%) 18 (31.0%) 7 (17.5%) 11 (61.1%) 0.001
Inotrope use days, mean (SD) 38 (41) 4037 36+48 0878
CRRT use, n (%) 6 (10.3%) 3 (7.5%) 3 (16.7%) 0289
CRRT use days, mean (SD) 47 (3) 30=2 633 0.189
Antibiotic use, (%) 53 (91.4%) 36 (90.0%) 17 (94.4%) 0577
Antiviral use, n (%) 12 (20.7%) 8 (20.0%) 4 (22.2%) 0.847
use, 7 (%) 18 (31.0%) 12 (30.0%) 6(33.3%) 0.800
HLH Treatment
Initiation of therapy* 37 (638%) 25 (625%) 12 (66.7%) 0.760
HLH starting day since diagnosis or PICU admission (mean SD) 36 (2.1) 26+34 19:33 0622
Steroids starting day since diagnosis or PICU admission (mean SD) | 27 (35) 32:36 16+32 0250
IVIG starting day since diagnosis or PICU admission (mean SD) 46 (24) 17 (425%) 6 (33.3%) 0509
Anakinra, n (%) 2 (34%) 1(2.5%) 1(5.6%) 0555
Outcome measures:
PICU length of stay in days (mean SD) 125 (199) 90117 1934289 0075

N, number; SD, standard deviation;
PIM-2, pediatric index of mortality, GCS, glasgow coma scale; CNS, central nervous system; HFOT, high flow oxygen therapy: NIV, non-invasive ventilation; HVOF, high
frequency oscillatory ventilation; CRRT, continuous renal replacement therapy; PICU, pediatric intensive care unit; IVIG, intravenous immunoglobulin.

*Treatment of HLH according to 2004 quidelines recommendations.
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