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Neonatal Coagulation Disorder: Diagnostic Approaches for Bleeding Neonates

Chun Soo Kim, M.D.

Department of Pediatrics, Keimyung University School of Medicine, Daegu, Korea

All newborn infants with clinically significant bleeding should be evaluated for a hemostatic deficit. Medical history should include
the following data: familial bleeding disorders, maternal iliness and medication, age of bleeding onset, and prophylactic administra-
tion of vitamin K. The first essential step for evaluating bleeding neonates is determining whether the baby is sick or well. The phy-
sician should also evaluate the extent of the bleeding, features of bleeding lesions, and other abnormal findings from the physical
examination. Skeletal anomalies may provide diagnostic clues. Depending on the clinical features and results of screening tests,
other tests including coagulation factors may be useful for determining the diagnosis. All laboratory results must be considered in
the context of age-related reference values. The platelet function analyzer provides a promising alternative to bleeding time. Fibrin
degradation products and D-dimers are used for screening and specially testing fibrinolytic activity, respectively. The Apt test may
help to rule out factors derived from maternal blood. Radiologic imaging studies are important because asymptomatic intracranial
hemorrhages are common in neonates.
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Table 1. Reference Values for Coagulation Tests in Healthy Infants and Children*

Test 28-31 wk GA 30-36 wk GA Full term 1-5yr 6-10yr 11-18yr Adult
Screening tests
PT (sec) 15.4 (14.6-16.9) 13.0(10.6-16.2) 13.0(10.1-15.9) 11 (10.6-11.4) 11 (10.1-12.0) 11.2 (10.2-12.0) 12 (11.0-14.0)
aPTT (sec) 108 (80-168)  53.6 (27.5-79.4)" 42.9 (31.3-54.3)" 30 (24-36) 31 (26-36) 32 (26-37) 33 (27-40)
BT (min) 6 (2.5-10) 7 (2.5-13) 5(3-8) 4(1-7)
Coagulation factors
Fibrinogen 256 (160-550) 243 (150-373)"™ 283 (167-399) 276 (170-405) 279 (157-400) 300 (154-448) 278 (156-40)
II 31 (19-54) 45 (20-77)' 48 (26-70)" 94 (71-116) 88 (67-107) 83 (61-104) 108 (70-146)
V 65 (43-80) 88 (41-144) 72 (34-108)" 1 03 (79-127) 90 (63-116) 77 (55-99) 106 (62-150)
Vil 37 (24-76) 67 (21-113)" 66 (28-104)" 82 (55-116) 86 (52-120) 83 (58-115) 105 (67-143)
VIl 79 (37-126) 111 (5-213) 100 (50-178) 90 (59-142) 95 (58-132) 92 (53-131) 99 (50-149)
VWF 141 (83-223) 36 (78-210) 53 (50-287) 82 (60-120) 95 (44-144) 100 (46-153) 92 (50-158)
IX 8 (17-20) 35 (19-65)" 53 (15-91)" 73 (47-104) 75 (63-89) 2(59-122) 109 (55-163)
X 36 (25-64) 41 (11-71)! 40 (12-68)" 88 (58-116) 75 (55-101) 9 (50-117) 06 (70-152)
X 23 (11-33) 30 (8-52)" 38 (40-66)" 30 (8-52) 38 (10-66) 74 (50-97) 97 (56-150)
Xl 25 (5-35) 38 (10-66)" 53 (13-93)" 93 (64-129) 92 (60-140) 1(34-137) 108 (52-164)
PK 26 (15-32) 33 (9-89)" 37 (18-69)" 95 (65-130) 99 (66-131) 9 (53-145) 112 (62-162)
HMWK 32 (19-52) 49 (9-89)" 54 (6-102)" 98 (64-132) 93 (60-130) 1(63-119) 92 (50-136)
Xlla 70 (32-108)' 79 (27-131)" 108 (72-143) 109 (65-151) 99 (57-140) 105 (55-155)
Xllb 81 (35-127)' 76 (30-122)" 113 (69-156) 116 (77-154) 102 (60-143) 98 (57-137)
Anticoagulation factors
AT-I 28 (20-38) 38 (14-62)" 63(39-87)"  111(82-139)  111(90-131) 106 (77-132) 100 (74-126)
Protein C 28 (12-44)" 35 (17-53)" 66 (40-92) 69 (45-93) 83 (65-111) 96 (64-128)
Protein S

Total 26 (14-39)" 36 (12-60)" 86 (54-118) 78 (41-114) 72 (52-92) 81 (61-113)

Free 45 (21-69) 42 (22-62) 38 (26-55) 45 (27-61)
Fibrinolytic factors
Plasminogen 1 70 (112-248) 195 (125-265) 98 (78-118) 2 (75-108) 6 (68-103) 99 (77-122)
TPA .5(3.0-16.7) .6 (5.0-18.9) 2(1.0-45 24(1.0-50 22(1.0-40 1.0(0.7-1.4
0,AP 78 (40-116) 85 (55-115) 105 (93-117) 9 (89-110) 98 (78-118) 102 (68-136)
PAI-1 5.4(0.0-122)) 6.4 (2.0-15.1) 5.4 (1.0-10.0) 6.8(2.0-12.0) 1(2.0-10.0) 3.6(0.0-11.0)

*All factors except fibrinogen and TPA are expressed as units/mL (fibrinogen in mg/mL and TPA in ng/mL), where pooled normal plasma contains 1 U/mL.
"Values in neonates are significantly different from those of adults.

Walues in preterm infants are significantly different from those of full-term infants.

Abbreviations: GA, gestational age; PT, prothrombin time; aPTT, activated partial thromboplastin time; BT, bleeding time; VWF, von Willebrand factor;
PK, prekallikrein; HMWK, high molecular weight kininogen; AT-Ill, antithrombin [ll; TPA, tissue type plasminogen activator; a,AP, a, antiplasmin; PAI-1,
plasminogen activator inhibitors-1.

Data from Andrew et al.*?.
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Table 2. Physical Findings Suggesting Specific Causes of Thrombo-
cytopenia in Bleeding Neonates
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Table 3. Classification of Fetal and Neonatal Thrombocytopenias

Time of onset Condition

Physical finding Specific cause

TORCHS or other viral infections
Renal vein thrombosis
Kasabach-Merritt syndrome

Blueberry muffin rash
Palpable flank mass and hematuria
Hemangioma, often with bruit

Absence of radii TAR syndrome
Abnormal thumbs Fanconi’s syndrome
Male with skin rash Wiscott-Aldrich syndrome

Dysmorphic features Trisomy 13, 18 and 21 syndrome

Fetal Alloimmune, Autoimmune (e.g. ITP, SLE)
Congenital infection (e.g. CMV, toxoplasma, rubella, HIV)
Aneuploidy (e.g. trisomies 18, 13, 21)
Rhesus haemolytic disease, Inherited
(e.g. Wiskott-Aldrich syndrome)
Early-onset  Chronic fetal hypoxia (e.g. PIH, IUGR, diabetes)
neonatal Perinatal asphyxia
(<72 hours) Perinatal infection
(e.q. £ coli, GBS, Haemaphilus influenzae)
DIC, Alloimmune, Autoimmune (e.qg. ITP, SLE)
Congenital infection (e.g. CMV, toxoplasma, rubella, HIV)
Thrombosis (e.g. aortic, renal vein)
Bone marrow replacement (e.g. congenital leukaemia)
Kasabach-Merritt syndrome, Inherited (e.g. TAR, CAMT)
Metabolic disease
(e.g. proprionic and methylmalonic acidaemia)
Late-onset  Late-onset sepsis, NEC
neonatal Congenital infection (e.g. CMV, toxoplasma, rubella, HIV)
(>72 hours) Autoimmune
Kasabach-Merritt syndrome, Inherited (e.g. TAR, CAMT)
Metabolic disease
(e.g. proprionic and methylmalonic acidaemia)

Abbreviations: TORCHES, toxoplasma, rubella, cytomegalovirus, herpes
simplex, syphilis; TAR, thrombocytopenia-absent radius.
Adapted from Sheth™.

Abbreviations: ITP, idiopathic thrombocytopenic purpura; SLE,
systemic lupus erythematosus; CMV, cytomegalovirus; HIV, human
immunodeficiency virus; PIH, pregnancy-induced hypertension; IUGR,
intrauterine growth restriction; £. coli, Escherichia coli; GBS, group
B Streptococcus; TAR, thrombocytopenia with absent radii; CAMT,
congenital amegakaryocytic thrombocytopenia; NEC, necrotizing
enterocolitis.

The most frequently occurring conditions are shown in bold.

Data from Roberts'®.
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Table 4. Result of Platelet Function Analyzer-100 Test

Platelet activator ~ Normal ~ Aspirin ~ von Willebrand  Platelet
disease disorder

C/Epi CT Normal  Prolonged Prolonged Prolonged

C/ADP CT Normal ~ Normal Prolonged Prolonged

Abbreviations: C, collagen; Epi, epinephrine; CT, closure time; ADP,
adenosin diphosphate.
Adapted from Carcao et al." and Favaloro™.
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Table 5. Differential Diagnosis of Bleeding in Neonates
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Clinical evaluation Laboratory studies Likely diagnosis
Platelets PT aPTT
“Sick” D | | DIC
D N N Platelet consumption (infection, NEC, RVT)
N | | Liver disease
N N N Compromised vascular integrity (hypoxia, prematurity, acidosis, hyperosmolality)
Stress-induced gastrointestinal bleeding
“Healthy” D N N Immune thrombocytopenia, occult infection, thrombosis, bone marrow hypoplasia (rare) or
infiltrative disease
N | | Hemorrhagic disease of newborn (vitamin K deficiency)
N N | Hereditary clotting factor deficiencies
N N N Bleeding due to local factors (trauma, anatomic abnormalities)

Food allergy-induced gastrointestinal bleeding
Qualitative platelet abnormalities (rare)
Factor Xl deficiency (rare)

Abbreviations: PT, prothrombin time; aPTT, activated partial thromboplastin time; D, decreased; |, increased; DIC, disseminated intravascular
coagulopathy; N, normal; NEC, necrotizing enterocolitis; RVT, renal vein thrombosis.

Adapted from Goorin et al.”, Kuusela et al.*” and Maloney et al.".
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