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Introduction: Sepsis is a common cause of morbidity and mortality in the neonatal intensive care unit (NICU). The frequency and severity of sepsis-associated coagulopathy as well as its relationship to illness severity are unclear.



Methods: We performed a single-center, retrospective, observational cohort study of all infants admitted to the University of Florida Health (UF Health), level IV NICU between January 1st 2012 to March 1st 2020 to measure the frequency of sepsis-associated coagulopathy as well as its temporal relationship to critical illness in the NICU population. All clinical data in the electronic health record were extracted and deposited into an integrated data repository that was used for this work.



Results: We identified 225 new sepsis episodes in 216 patients. An evaluation for sepsis-associated coagulopathy was performed in 96 (43%) episodes. Gram-negative pathogen, nSOFA score at evaluation, and mortality were greater among episodes that included a coagulopathy evaluation compared with those that did not. Abnormal coagulation results were common (271/339 evaluations; 80%) and were predominantly prothrombin times. Intervention (plasma or cryoprecipitate) followed a minority (84/271; 31%) of abnormal results, occurred in 40/96 (42%) episodes that were often associated with >1 intervention (29/40; 73%), and coincided with thrombocytopenia in 37/40 (93%) and platelet transfusion in 27/40 (68%). Shapley Additive Explanations modeling demonstrated strong predictive performance for the composite outcome of death and/or treatment for coagulopathy in neonates (f1 score 0.8, area under receiver operating characteristic curve 0.83 for those with abnormal coagulation values). The three most important features influencing the composite outcome of death or treatment for coagulopathy included administration of vasoactive medications, hematologic dysfunction assessed by the maximum nSOFA platelet score, and early sepsis (≤72 h after birth).



Conclusions: A coagulopathy evaluation was performed in a minority of NICU patients with sepsis and was associated with greater illness severity and mortality. Abnormal results were common but infrequently associated with intervention, and intervention was contemporaneous with thrombocytopenia. The most important feature that influenced the composite outcome of death or treatment for coagulopathy was the administration of vasoactive-inotropic medications. These data help to identify NICU patients at risk of sepsis-associated coagulopathy.
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Introduction

Sepsis is a common cause of morbidity and mortality in the neonatal population. In adults, sepsis is defined as a life-threatening organ dysfunction caused by a dysregulated host response to infection (1). In children, sepsis-associated life-threatening organ dysfunction is operationalized using the Phoenix Sepsis Score (2). There is no consensus definition of sepsis in neonates. Sepsis-associated hematologic dysfunction manifesting as thrombocytopenia is well described and included in common sequential organ failure assessment (SOFA) scoring systems used in adults (3), children (pSOFA) (4), and neonates (nSOFA) (5). In addition to the consumption of platelets, clotting factor consumption commonly occurs with sepsis in children (41%) and adults (26%) (6, 7), is modified by the severity of illness, and increases the risk of poor outcomes including death (6, 8, 9). Other factors such as the host inflammatory response and pathogen modify the likelihood of coagulopathy (10). In 1976, Hutter and Colleagues described abnormalities in common coagulation assessments including fibrinogen, prothrombin time (PT), and partial thromboplastin time (PTT) among 14 infants with severe necrotizing enterocolitis (11). However, the frequency and severity of sepsis-associated coagulopathy in neonates, as well as the relationship of this entity to illness severity in this unique population, are unknown. Knowledge of the frequency of sepsis-associated coagulopathy reflected in commonly used tests in a large cohort, as well as the factors that place neonatal patients at risk for this entity, have potential to improve sepsis-related outcomes in this unique population.

Using a granular, single-center registry that included all data from the electronic health record (EHR) system for over a period of 9 years, we aimed to determine the following:(1) the frequency and timing of sepsis-associated coagulopathy evaluation, (2) the frequency, timing, and type of abnormal coagulation test results, (3) the frequency and timing of intervention with plasma or cryoprecipitate, and (4) the relation of sepsis-associated coagulopathy to illness severity in the neonatal intensive care unit (NICU) population.



Methods


Patients

This was a single-center, retrospective, observational cohort study approved by the University of Florida Health (UF Health) Institutional Review Board prior to the collection of any data. An integrated data repository (IDR) of all clinical data (structured and unstructured) in the EHR for all infants admitted to the UF Health, level IV NICU between January 1st 2012 to March 1st 2020 was created. Clinical variables that were unavailable in the IDR were collected via chart review. Demographic variables and outcomes were defined as previously reported (12–19). Maximum and hourly neonatal sequential organ failure assessment (nSOFA) scores and vasoactive-inotropic scores (VIS) were calculated as previously described (13, 19, 20).



Definition of sepsis

An episode of sepsis was defined as a new episode of bacteremia/fungemia or meningitis with bacteria or fungus that was associated with ≥5 days of antimicrobial treatment or mortality while receiving antimicrobial treatment if duration was <5 days. Episodes were excluded if there was parenteral antimicrobial exposure within 48 h of the time of the reference culture. Coagulase negative Staphylococcus (CoNS) episodes were included only if there was effective antimicrobial therapy prescribed for ≥5 days or death <5 days. Infants with positive blood cultures with organisms that are frequently considered contaminants, including Bacillus, Micrococcus, and Corynebacterium species, were excluded.



Coagulation evaluation

A coagulation evaluation was included if it included simultaneous measurement of at least two parameters of the following three tests: fibrinogen, PT, and PTT. Reference values measured at discrete chronologic ages where testing has been performed in this population vary by gestational age at birth and chronological age (21–24) (Supplementary Table S1). Because daily normative values for these tests from birth are not available for this population, we applied normative ranges for each coagulation measure by gestational age at birth and discrete postnatal age in a fill-forward manner (until the next tested interval where normative values have been described).



Analytical methods

Non-parametric continuous variables were summarized as medians with quartiles (25th and 75th percentiles). Categorical variables were presented as percentages. Demographic variables were compared using Chi-square or Mann–Whitney U test. The nSOFA scores at discrete time intervals between multiple groups were compared using a Kruskal–Wallis test with Dunn's multiple comparisons test. Shapley Additive Explanation (SHAP) values were used to determine which variables were most important in regression modeling for patients who received treatment vs. no treatment for coagulopathy. Machine learning modeling was performed for specific variables and composite outcome for death and/or treatment to prevent over-fitting. The SHAP value is the average marginal contribution of a feature value across all possible coalitions. The threshold for statistical significance was less than 0.05 for two-sided tests. Analyses were performed using GraphPad Prism (version 10) and Python (Version 3.7; SHAP).




Results


Patient characteristics

Among 7,186 patients cared for in the UF NICU during the study period, we identified 910 positive blood or cerebrospinal fluid cultures in 367 patients. After applying our sepsis definition, 225 sepsis episodes in 216 patients were studied (Table 1). Episodes associated with coagulation evaluation (n = 96) occurred at an earlier age (13 vs. 23 days old), were more often associated with gram-negative (52% vs. 20%) and less often gram-positive (38% vs. 74%) pathogens, and showed greater nSOFA scores and greater mortality as compared with episodes without coagulation evaluation.


TABLE 1 Cohort and episode characteristics.
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Pathogens

Among the 225 episodes studied, 220 were associated with bacteremia and 5 were episodes of meningitis without bacteremia. Gram-positive organisms were most common (132/225; 59%), followed by gram-negative organisms (76/225; 34%), polymicrobial infections (14/225; 6%), and minimal fungus (3/225; 1%). The most common single pathogens recovered were CoNS (68/225; 30%), Escherichia coli (34/225; 15%), Staphylococcus aureus (23/225; 10%), Group B Streptococcus (20/225; 9%), and Enterococcus faecalis (15/225; 7%). Antimicrobial resistance was common and did not differ between episodes with and without coagulopathy evaluation by pathogen class (Supplementary Table S2). Among non-CoNS episodes, 61/150 (41%) were associated with pathogens resistant to one or more common antimicrobial interventions (ampicillin, penicillin + beta-lactamase inhibitor, gentamicin, oxacillin, and third generation cephalosporin). Among episodes with recovery of non-CoNS pathogens, resistance to these common antimicrobial interventions was more common among those with a coagulopathy evaluation as compared with those without an evaluation [36/76 (47%) vs. 25/74 (34%)], but this did not reach significance (p = 0.10).



Episode frequency, timing, and result of coagulation evaluation

The frequency of any coagulation assessment [PT, International normalized ratio (INR), fibrinogen, PTT] at any time among all patients cared for in the UF NICU during the study period was 23% (1,654/7,186). Coagulation evaluations during sepsis events were performed at the discretion of the clinical team. Reasons for coagulation evaluation were abstracted by chart review and included concerns for or documentation of bleeding (n = 39), thrombocytopenia (n = 19), sepsis (n = 19), preoperative or unit protocol (e.g., hypoxic-ischemic encephalopathy) (n = 15), or abnormal liver function tests. An analysis of available measures for study revealed that greater than 90% of sepsis episodes were associated with ≤10 total coagulation evaluations and a median of 2 evaluations per episode (IQR 1, 5). Therefore, we restricted our analyses to the first 10 coagulation measures for each episode of sepsis, which yielded 339 episode-specific coagulation evaluations performed during 96 sepsis episodes (Table 2). The median time of the first coagulation evaluation relative to the reference culture was 14 h (IQR 4, 45) and at a median age of 14 days (IQR 6, 40). Abnormal coagulation evaluation results were similarly common in the first testing of the episode (78/96, 81%) and among all testing during the episode (271/339, 80%). The most common abnormal parameter was PT (230/336, 68%) and the median time to any abnormal result was 43 h (IQR 17, 111). An abnormal coagulation evaluation result during the episode was very common and occurred in 86/96 (90%). Episode mortality among those that had a coagulation evaluation with any abnormal result was 18/86 (21%).


TABLE 2 Coagulation evaluation parameters.
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Frequency and timing of intervention and repeat testing after coagulation evaluation

Among episodes where a coagulation evaluation was performed, 40/96 (42%) were associated with an intervention (transfusion of fresh frozen plasma or cryoprecipitate). Among all coagulation evaluations, 84/271 (31%) abnormal coagulation evaluation test results were associated with subsequent intervention and 12/68 (18%) normal test results were associated with intervention (Table 3). The median timing of the first intervention was 14 h after the reference culture (IQR 4, 38). Interventions primarily occurred following the first (24/40, 60%) or second (10/40, 25%) coagulation evaluation conducted during the episode. Most episodes (29/40, 73%) were associated with >1 intervention. Repeat testing was common. Among all normal test results, 36/68 (53%) were repeated. Among abnormal test results, 214/271 (79%) were repeated.


TABLE 3 Intervention following testing.
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Frequency of concurrent abnormal platelet counts

Among the 56 episodes where a coagulation evaluation was performed without associated intervention, 34 (61%) were associated with mild thrombocytopenia (<150,000/µL), 29 (52%) with moderate thrombocytopenia (<100,000/µL), and 14 (25%) with severe thrombocytopenia (<50,000/µL) (Table 3). Among the 40 episodes where coagulation evaluation was performed with associated intervention, 37 (93%) were associated with mild thrombocytopenia, 29 (73%) with moderate thrombocytopenia, and 19 (48%) with severe thrombocytopenia. Out of the 96 episodes where a coagulation evaluation was performed (regardless of intervention), 48 episodes were associated with ≥1 platelet transfusions (27/40 (68%) episodes with intervention; 21/56 (38%) episodes without intervention).



nSOFA trajectories

We examined nSOFA scores during episodes with (lived, n = 77; died n = 19) and without (lived, n = 125) a coagulation evaluation at hourly resolution (Figure 1A) and compared scores at multiple discrete time points (Figure 1B) relative to the reference blood culture. Median nSOFA scores were 0 for survivors that did not have a coagulation evaluation at all nine discrete time points we evaluated (IQR for all nine time points: 0, 1). Survivors that had a coagulation evaluation also demonstrated a median nSOFA of 0 prior to evaluation (range of all IQR: 0, 2) but increased to 2 at evaluation (IQR 0, 4) and remained 2 at all future timepoints (range IQR 0–1, 4). Episodes with a coagulation evaluation that ended in death demonstrated a median nSOFA of 3 prior to evaluation (range IQR 0–2, 3–6) that increased to 4 (IQR 2, 8) at evaluation, 6 (IQR 3, 9) at 6 h, 8 (IQR 3, 10) at 12 h, 10 (IQR 6, 12) at 18 h, and 8 (IQR 5, 12) at 24 h.


[image: Figure 1]
FIGURE 1
Neonatal sequential organ failure assessment (nSOFA) score trajectories and timed comparisons. (A) Consecutive q1-h nSOFA score mean (internal line) and 95% confidence intervals (surrounding band) during episodes with (lived, n = 77; died n = 19) and without (lived, n = 125) a coagulation evaluation (4 patients without a coagulation evaluation died and are not shown). (B) nSOFA scores at multiple discrete time points relative to the index blood culture (time 0) among the same groups. Violin plots show median (solid line) and quartiles (dotted line). Comparisons were made by Kruskal–Wallis with Dunn's multiple comparisons test. Maximum possible nSOFA score was 15 for any time point. *No evaluation vs. evaluated and lived; p ≤ 0.03; †no evaluation vs. evaluated and died; p ≤ 0.0004; §evaluated and lived vs. evaluated and died p ≤ 0.005.




Regression modeling

Logistic regression modeling and SHAP analysis were conducted to evaluate the significance of clinical variables and abnormal coagulation values in predicting outcomes (Supplementary Table S3 and Figure 2). The SHAP modeling demonstrated strong predictive performance for the composite outcome of death and/or treatment for coagulopathy in neonates (f1 score 0.8, area under receiver operating characteristic curve 0.83 for those with abnormal coagulation values). The three most important features influencing death and/or treatment for coagulopathy included administration of vasoactive medications, quantified by the VIS, hematologic dysfunction assessed by the maximum nSOFA platelet score, and early sepsis (within ≤72 h after birth).
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FIGURE 2
Shapley Additive explanation (SHAP) value plots provide a hierarchical organization of various features included in the model to predict the likelihood of death and/or treatment in the patients with abnormal coagulation values. Red and blue dots represent higher and lower values of the feature; maximum nSOFA platelet score (during episode); early sepsis episode (sepsis ≤72 h after birth); nSOFA, neonatal sequential organ failure assessment.





Discussion

This is the first comprehensive study of coagulopathy specific to common clotting parameters among patients with sepsis in the NICU population. A coagulopathy evaluation was performed in a minority of NICU patients with sepsis. Gram-negative pathogen, nSOFA score at evaluation, and mortality were greater and chronologic age at sepsis evaluation was lower among episodes that included a coagulopathy evaluation compared with those that did not. Abnormal results were common but infrequently associated with intervention, and intervention was nearly always associated with thrombocytopenia. These data may help to identify and guide treatment for future NICU patients at high risk of sepsis-associated coagulopathy.

Our findings aligned with well-described clinical risks and characteristics for coagulopathy in other populations including gram-negative pathogens, high severity of illness including shock, and coexistence of thrombocytopenia (10). A lower severity of illness and mortality frequency among those that did not have a coagulation evaluation compared with those that did in our study mirrored results in a large pediatric population evaluated for suspected sepsis in the emergency room setting (9). Among all sepsis episodes, intervention with either fresh frozen plasma or cryoprecipitate for any reason was documented in 43/225 (19%) episodes. Among patients not evaluated for coagulopathy, use of fresh frozen plasma or cryoprecipitate as well as mortality was rare and does not support that significant coagulopathy was present but missed. There are several potential reasons for neonates to exhibit reduced coagulopathy. One potential contributor to the frequency of coagulopathy in neonates is a unique host response to sepsis including a reduced inflammatory response as compared with the other age groups (25, 26). In an analysis of publicly available genome-wide expression microarrays of whole blood samples from humans of all ages with sepsis, neonates manifested a reduced pro-inflammatory response compared with other age groups (27). Furthermore, most sepsis events in neonates are associated with gram-positive bacterial recovery from blood, with CoNS being the most commonly identified gram-positive pathogen (28). The inflammatory response associated with CoNS, and thus the instigation of aberrant clotting, may be attenuated (29).

Concurrent thrombocytopenia was nearly ubiquitous among those with abnormal clotting parameters that received treatment. Coagulation dysfunction criteria in critically ill children were recently proposed following systematic review as part of the PODIUM Consensus Conference (30). Importantly, this comprehensive work was not intended for the preterm or NICU population. In addition to thrombocytopenia (<100,000 platelets/µL), the coagulation dysfunction criteria identified included INR (>1.5), fibrinogen (<150 mg/dL), and D-dimer (>10 times the upper limit of normal). The published parameters we used to guide normative coagulation values in our study reported PT rather than INR values, therefore we focused on PT. As expected, we found abnormally prolonged PT measures in most patients evaluated, which is consistent with known reduced activities of vitamin K-dependent factors in this population (31). Despite the high frequency of abnormal PT measures, most of these abnormal values were not associated with intervention. This finding suggests that the values returned were interpreted by the clinical team as acceptable, despite being considered abnormal based on the available normative data. Furthermore, perhaps because of the historical difficulty in interpretation in neonates (32), D-Dimer is neither a test routinely conducted on the NICU population nor sufficiently measured in this cohort to facilitate meaningful study (51 D-dimer measures in 22 patients among 339 coagulation tests studied). Rotational thromboelastometry, which evaluates phases of the clotting process, showed utility to identify those at the highest risk of mortality when routinely sent among a cohort of neonates with sepsis (33). As developmental normative values are being characterized, this testing may represent an additional or alternative way to measure the effectiveness of clotting in neonates with sepsis (34).

Less than half (96/225) of the patients in this near decade cohort received a coagulopathy evaluation at any time during the sepsis episode. Based on our collective clinical experiences at multiple academic institutions over several decades, we speculate the volume of blood required for coagulation testing (1.8 mL at UF) diminishes the frequency of routine coagulation evaluations in this population. Because the coagulation evaluations in this study were clinician-driven and not performed in all patients, we cannot accurately determine the frequency of coagulation abnormalities. In our cohort, 28% of infants with gram-positive bacteremia were evaluated, and 38% of those received cryoprecipitate or fresh frozen plasma. By contrast, 66% of infants with gram-negative bacteremia were evaluated for coagulopathy (2.4-fold over gram-positive) and 49% (1.3-fold over gram-positive) of those received cryoprecipitate or fresh frozen plasma. Based on our results, we suggest that coagulation evaluation be considered in all infants with presumed or confirmed sepsis and especially those with administration of vasoactive or inotropic medications. The data presented in our study does not allow for speculation regarding healthcare provider decisions to: (1) conduct assessments for coagulopathy, or (2) determine the rationale behind the treatment administered for coagulopathy.



Limitations

We acknowledge the true incidence of coagulopathy with sepsis in neonates cannot be derived from these data because the presence and timing of coagulopathy evaluation was not universal but rather was performed at the discretion of clinical providers. However, this is the largest and most comprehensive study of coagulopathy among patients with sepsis in the NICU population. Additional limitations in generalizability inherent to the single-center and retrospective nature of the study apply. Normal coagulation parameters by chronologic age, especially in the most immature infants, are unclear or in some cases entirely unavailable. Guidelines for when to measure clotting parameters and what results should guide treatment in this population are not standardized. Our study represents a first step toward addressing these many knowledge gaps and challenges.



Conclusions

In this cohort, only a minority of NICU patients with sepsis had a coagulation evaluation. Abnormal results were common but infrequently associated with intervention, and intervention was nearly always associated with thrombocytopenia. These data may help to identify future NICU patients at high risk of sepsis-associated coagulopathy.
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Parameters during episode
Coagulation evaluations per episode, median (IQR)

Results
2 (1, 5 range 1-94)°

Timing of first coagulation evaluation relative to reference culture (h), median (IQR)

14 (4, 45)

Age at first coagulation evaluation (days)

14 (6, 40)

Frequency of any abnormal values on first testing (n = 96)

78/96 (81%)°

Abnormal fibrinogen (1= 88 measures)

Low (7/88, 8%), elevated (23/88, 26%)

Abnormal PT (n

4 measures)

All prolonged (60/94, 64%)

Abnormal PTT (=90 measures)

Prolonged (14/90, 16%), fast (6/90, 7%)

Frequency of any abnormal values on any testing

271/339 (80%)°

Abnormal fibrinogen (1= 299 measures)

Low (141299, 5%), elevated (58/299, 19%)

Abnormal PT (n = 336 measures)

All prolonged (230/336, 68%)

Abnormal PTT (n =314 measures)

Prolonged (32/314, 10%), fast (21/314, 7%)

‘Timing of any abnormal result relative to reference culture (h), median (IQR) (r = 339)

43 (17, 111)*

‘Timing of abnormal fibrinogen (h), median (IQR) 43 (13, 118)
‘Timing of abnormal PT (h), median (IQR) 45 (21, 151)
‘Timing of abnormal PTT (h), median (IQR) 43 (13, 118)
Gestational age at birth among those with any abnormal value (weeks) 32 (26, 38)°

IQR, range; PT, time; PTT, partial time.
“Only first 10 coagulation evaluations of each episode were included in the analysis.

14/78 (18%) had either isolated hyperfibrinogenemia, a low PTT, or both.

©239/339 (71%) had low fibrinogen, prolonged PT, or prolonged PTT.

“Median timing of only abnormal (no high fib, low PTT, or combo included) 42 h (17, 103).

eMedian GA among only abnormal tests (no high fib, low PTT, or combo included) 32 weeks (27, 38).
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No coagulation evaluation
(n =122 patients)

Coagulation evaluation
(n =94 patients)

p-Valu

Patients

Inborn, 7 (%) 92 (75%) 79 (84)

Gestational age, median (quartiles) 31 (26, 37) 30 (26, 36)

Birth weight, median (quartiles) 1,330 (784, 2,547) 1,485 (759, 2,366)

Male, n (%) 67 (55) 49 (52)

Major congenital anomaly,” n (%) 33 (27) 31 (33)

Episode characteristics™ N=129 episodes N =96 episodes

Prior coagulation evaluation, n (%) 51 (40) 42 (44)

Prior receipt of fresh frozen plasma, n (%) 25 (19) 15 (16)

Prior receipt of cryoprecipitate, 1 (%) 14 (1) 6(6)

Early sepsis episode (<72 h after birth), n (%) 19 (15) 14 (15)

Late sepsis episode (>72 h after birth), n (%) 110 (85) 82 (85)

Days old at culture, median (quartiles) 23 (8, 54) 13 (5, 33)

Gram-positive bacteria, 7 (%) 95 (74) 36 (38)

‘Gram-negative bacteria, n (%) 26 (20) 50 (52)

Polymicrobial infection, n (%) 6(5 8(8)

Fungus, n (%) 2(2) 1)

Receipt of fresh frozen plasma, n (%) 3Q) 36 (38)

Receipt of cryoprecipitate, n (%) 1(1) 13 (14)

nSOFA score at time of culture, median (quartiles) 0(0, 1) 2(0,5)

Maximum nSOFA score, median (quartiles) 10,5 83,11

Vasoactive-inotropic medications given, n (%) 10 (8) 45 (47)

Death with episode, n (%) 43) 19 (20)

Outcomes

Length of stay, median (quartiles) 88 (49, 119) 98 (56, 142) 014
28-day maximum nSOFA, median (quartiles) 6 (1, 10) 8 (4,10) 0.048
Death, all-cause, n (%) 97 22 (23) <0.001

nSOFA, neonatal sequential organ failure assessment.

“Categorical variables analyzed with the chi-square test; continuous data (not normally distributed) analyzed with Mann-Whitney U test

"Congenital hernia,

fistula, teratoma, congenital surgical heart disease (truncus arteriosus, tetralogy of Fallot

coarctation, hypoplastic left heart, hypoplastic right heart, pulmonary valve atresia, aoric valve atresia, atrioventricular canal total anomalous pulmonary venous return
double outlet right ventricle), confirmed genetic syndrome, multiple congenital anomalies, hydrops, multicystic kidneys, posterior urethval valves with pulmonary hypoplasia

“Ten patients had two episodes.
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Intervention following testing

Results

episode (n=13), median (IQR)

FFP* or cryo® given following normal test results 12/68 (18%)
FFP or cryo given following abnormal test results 84271 (31%)°
Number of FFP i here FFP =36, 3 (1,4)
median (IQR)
Number of cryo transfusions among episodes where cryoprecipitate was transfused during | 1 (1, 2)

Episodes associated with receipt of either cryo or FEP only once

11/40 (28%)

Episodes with associated with receipt of mauliple transfusions (cryo and FFP, >1 cryo, >1 FFP)

29/40 (73%)

Intervention frequency with abnormal test parameter

84/271 (31%) in 40 episodes”

Abnormal fibrinogen (1= 84)

16/84 (19%) total; 8/84 (9.5%) low; 8/84 high (9.5%)

Abnormal PT (n = 84)

80/84 (95%) prolonged

Abnormal PTT (n = 84)

16/84 (19%) total; 2/84 (2%) fast, 14/84 (17%) prolonged

‘Timing of first intervention (h), median (IQR).

14 (4, 38)°

Repeat testing performed when all parameters were normal

36/68 (53%)

Repeat testing performed when any parameter was abnormal

2141271 (79%)°

Platelets <150,000/yL among those with coagulation evaluation during episodes but without
intervention (n = 56)

34/56 (61%) platelets <150,000/uL; 29/56 (52%) platelets <100,000/uL; 14/56
(25%) platelets <50,000/uL.

Platelets <150,000/yL among those with coagulation evaluation during episodes and
intervention (n = 40)

37/40 (93%) platelets <150,000/uL; 29/40 (73%) platelets <100,000/uL; 19/40
(48%) platelets <50,000/uL.

Platelet transfusion among those episodes with coagulation evaluation (1 = 96)

48/96 (50%) all episodes; 21/56 (38%) no FEP/cryo received; 27/40 (68%)
FFP/eryo received

IGR,

range; PT,
*Fresh frozen plasma.
"Cryoprecipitate.

“81/239 (34%) excluding high fibrinogen, low PTT, or combo.

time; PTT, partial time.

“Specimen 1: 24/40 episodes, Specimen 2: 10/40 episodes, Specimen 3: 3/40 episodes, Specimen 6, 9, and >10 each had 1
=100/930 recested exchiding hidh flxinodsh, low PTT. o combiration of high fiwinogen and low PTT
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