
Annadurai et al. 
Intensive Care Medicine – Paediatric and Neonatal             (2024) 2:2  
https://doi.org/10.1007/s44253-024-00028-3

ORIGINAL RESEARCH

Late-onset vitamin K deficiency 
bleeding: a preventable yet prevailing cause 
of intracranial hemorrhage in young infants—
an ambispective descriptive study
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Abstract 

Background Vitamin K deficiency bleeding (VKDB) may present as intracranial hemorrhage (ICH) in young infants, 
which results in severe morbidity and mortality. This study aims to determine the clinical presentation, risk factors, 
and outcome of children with VKDB.

Methods This was an ambispective descriptive study conducted from January 2015 to August 2023 in southern 
India. Infants from 8 days to 6 months of age, diagnosed as VKDB based on bleeding with elevated PIVKA (protein 
induced by vitamin K absence) and prolonged prothrombin time, which is rapidly corrected 24 h after administration 
of vitamin K, were included. Infants with bleeding due to other causes, such as inherited clotting factor deficiency, 
cholestasis, and sepsis, were excluded. A structured data collection proforma was used to collect data.

Results Out of 62 cases, 28 were excluded due to various causes, and 34 were analyzed. The median age at symptom 
onset was 54 days, and males were 22 (64.7%). Term gestation was 25 (73.5%), and low birth weight was 13 (38.2%), 
and 8 (23.5%) required NICU admission. All received vitamin K prophylaxis at birth. Thirty-three (97%) were exclusively 
breastfed. The most common presenting complaints were poor activity and convulsion. A total of 97% of children had 
ICH, and 5 (14.7%) had skin bleed. Twenty-three (67.6%) infants had complete recovery, 6 (17.6%) had sequelae (2 had 
hemiparesis, 2 monoparesis, and 2 quadriplegia), and 5 (14.7%) children expired.

Conclusion Vitamin K deficiency commonly presents as intracranial hemorrhage in infants. Exclusive breastfeeding 
is a significant risk factor for vitamin K deficiency, followed by low birth weight and prematurity.
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Background
The vitamin K deficiency leads to bleeding manifesta-
tions due to insufficient activity of coagulation factors (II, 
VII, IX, X). Vitamin K deficiency bleeding (VKDB) most 
commonly presents in infants due to multiple factors 

such as limited placental transport, sterile gut, and poor 
level of breast milk and low activity level of vitamin K 
epoxide reductase [1]. VKDB can be classified by age 
of onset into early (< 24 h), classical (days 1–7), and late 
(> 1 week & < 6 months). Early VKDB is associated with 
maternal intake of drugs like antiepileptics, antitubercu-
lar drugs, antibiotics, and maternal malabsorption; clas-
sical is associated with vitamin K deficiency or exclusive 
breastfeeding, and late is due to exclusive breastfeed-
ing, malabsorption, and prolonged antibiotics usage [2]. 
The American Academy of Pediatrics recommends an 
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intramuscular injection (IM) of 1 mg of vitamin K single 
dose to all newborns weighing > 1500  g whereas 0.3 to 
0.5 mg/kg to infants less than < 1500 g to prevent VKDB 
[3]. Bleeding manifestations in these patients range from 
minor skin or mucus membrane bleeds to life-threaten-
ing central nervous system bleeds [2]. The incidence of 
classical VKDB without prophylaxis is 1.7%, and the bur-
den of late VKDB without prophylaxis is 80 per 100,000 
live births [4]. The incidence of late VKDB after prophy-
laxis has been reported as 0.24 to 3.2 cases per 100,000 
live births [5]. Late VKDB presents predominantly as 
intracranial hemorrhage (ICH), which results in severe 
morbidity and mortality. In spite of prophylaxis for more 
than 50 years, VKDB is still a concern today, especially in 
breastfed infants less than 6 months [3].

This study aims to determine the clinical presentation, 
risk factors, and outcome of children with VKDB.

Methods
This was an ambispective descriptive study in the 
Department of Pediatrics, Jawaharlal Institute of Post-
graduate Medical Education and Research (JIPMER) — a 
tertiary healthcare center in southern India. This study 
was performed in line with the principles of the Decla-
ration of Helsinki. Approval was granted by the Insti-
tute Ethics Committee for Observational Studies (DHR 
Reg. No. EC/NEW/INST/2020/331) vide letter no. JIP/
IEC/2022/098 dated 5th April 2022. While the retrospec-
tive study extended from January 2015 to March 2022, 
the prospective study began in April 2022 and was com-
pleted by August 2023. Late VKDB in infants from 8 days 
of life to 6 months of age is defined as follows: (a) when 
the child presents with bleeding manifestations and ele-
vated PIVKA (protein induced by vitamin K absence) or 
(b) if PIVKA is not available when the child presents with 
bleeding and prolonged prothrombin time which is rap-
idly corrected 24 h after administration of vitamin K [6].

Prospective cases were recruited after obtaining writ-
ten consent for participation from the parent/guardian. 
The management protocol was based on the treating 
physician’s discretion. For retrospective claims, pediatric 
medical records diagnosed with late-onset VKDB from 
the Institute’s Medical Records Department (MRD) were 
retrieved after obtaining permission from the concerned 
authority. A structured data collection proforma was 
prepared with particulars comprising necessary demo-
graphic details, clinico-laboratory profile, treatment 
administered, and the disease outcome. The child’s out-
come, i.e., recovery, sequelae, and death, was assessed at 
the time of discharge, as mentioned in the case records. 
Through telephonic conversation, the child’s condition 
was enquired to evaluate for any complication due to 
VKDB. Data from these were analyzed to describe the 

frequency of occurrence of each clinical feature, as well 
as the outcomes and the factors which may play a role in 
the eventual development.

Statistical analysis
The data collected were analyzed using SPSS software 
version 20.0. The normality of data was tested with the 
Kolmogorov–Smirnov test for normality. Continuous 
variables were expressed as median with interquartile 
range (IQR)  or mean with standard deviation based on 
the normality of data. The categorical variables were 
expressed as frequencies with proportion.

Results
Out of the 62 cases recruited with bleeding manifesta-
tions, 28 were excluded due to cholestasis (n = 21), sepsis 
(n = 5), and congenital bleeding disorders (hypofibrino-
genemia) (n = 2). The remaining 34 cases were analyzed, 
out of which 6 were prospectively recruited and 28 were 
retrospectively recruited. The median age at presenta-
tion of onset of symptoms was 54 days (10–180). There 
was a male preponderance with n = 22 (64.7%), and the 
male-to-female ratio was 1.8:1. The median duration of 
hospital stay among the participants was 11 days (2–30). 
There was no history of maternal drug intake in the study 
population. Out of the 34 children studied, 25 (73.5%) 
were born at term gestational age, 9 (26.5%) were pre-
term, 13 (38.2%) were low birth weight, and 8 (23.5%) 
children required NICU admission [low birth weight 
(n = 2), post-resuscitation care (n = 2), early onset neo-
natal sepsis (n = 3), and neonatal jaundice (n = 1)]. All the 
children were born in the hospital and received 1 mg of 
IM vitamin K prophylaxis at birth. Among the study pop-
ulation, 33 (97.1%) were exclusively breastfed (EBF), and 
the remaining 1 (2.9%) was on formula feeds. History of 
antibiotic usage was present in 2 (5.88%) children, and 1 
(2.9%) child had a history of diarrhea. The clinical param-
eters are discussed in Table 1. Among the recruited chil-
dren, 6 (17.6%) were underweight, 4 (11.8%) had stunting, 
and 3 (8.8%) had microcephaly.

Among the study population, 20 (58%) were found to 
have severe anemia (hemoglobin < 7  g/dl), and all had 
normal platelet counts and liver function tests. PIVKA 
levels were done for 15 children (44.11%), and the results 
of all the children were found to be elevated; PT/INR was 
prolonged in 7 children, and the normal value of PT INR 
in other children was attributed to vitamin K administra-
tion prior to sampling. Other laboratory parameters are 
discussed in Table 2.

Among the population studied, one (2.9%) child had an 
ultrasonogram (USG) cranium done, which revealed com-
municating hydrocephalus. Computed tomography (CT) 
of the brain was done in 32 children. The neuroimaging 
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findings are mentioned in Table  3. Twenty-eight (82%) 
children required pediatric intensive care unit (PICU) 
transfer, all 34 (100%) received inj. vitamin K, 30 (88.2%) 

children required both packed red blood cells (PRBC) and 
fresh-frozen plasma (FFP) transfusion, and 1 (2.9%) child 
required PRBC transfusion alone. Sixteen (47.05%) chil-
dren required neurosurgical intervention which was men-
tioned in Table  4. Twenty-five (73.5%) children required 
antiepileptics among which 8 (23.5%) received phenobar-
bitone, 4 (11.7%) received phenytoin, 5 (21%) required 
dual antiepileptics (phenytoin + phenobarbitone), and 3 
(13%) required triple antiepileptics (phenytoin + pheno-
barbitone + midazolam infusion).

Among the 34 study participants, 23 (67.6%) recov-
ered, 6 (17.6%) had sequalae, and 5 (14.7%) expired. The 
various sequelae observed in our study are hemiparesis 
(n = 2), monoparesis (n = 2), and quadriplegia (n = 2).

Discussion
Vitamin K deficiency bleeding is a well-recognized but 
potentially preventable condition that affects neonates 
and young infants. It results from an inadequate supply 
of vitamin K, which is essential for the synthesis of clot-
ting factors, primarily factors II, VII, IX, and X, as well as 
protein C and protein S [7]. The present study sheds light 
on the clinical presentation, risk factors, and outcomes 
associated with VKDB in a cohort of pediatric patients. 
The study population consisted of 34 cases, excluding 
those with cholestasis, sepsis, and congenital bleeding 
disorders. Term children have 50% of vitamin K-depend-
ent clotting factor levels when compared to adults, and 
pre-term has even lesser levels [2]. In our study, VKDB 
is more at term gestational age (73.5%) as most recruited 
children were born at term. This finding is consistent 
with a previous study by Pooni et al. (100% term) [8]. A 
noteworthy observation is the relatively high percentage 
of children born with low birth weight (38.2%), and those 
requiring NICU admission (23.5%) had VKDB, which 
could be explained by low clotting factors level in these 
babies and antibiotic usage in admitted newborns.

Male preponderance is noticed in our study (64.7%), 
which is similar to the previous study (62%), but the exact 
reason is not known [9]. The mean age at presentation in 
our study is 7 weeks, and previous studies have reported 
from 5 to 7  weeks [9, 10]. All children were delivered 
at the hospital and received vitamin K prophylaxis at 
birth. In contrast, in previous studies, the majority were 

Table 1 Clinical profile of the study population

Clinical parameter n (%) Total N = 34

Presenting complaints

 Poor activity 26 (76)

 Convulsions 26 (76)

 Vomiting 17 (50)

 Altered sensorium 16 (47)

 Fever 12 (35)

 Pallor 9 (26)

 Bulging fontanelle 7 (20)

 Irritability 2 (5.9)

 Loose stools 1 (2.9)

 Left thigh hematoma 1 (2.9)

 Bleeding from left ear 1 (2.9)

 Umbilical bleeding 1 (2.9)

 Poor feeding 1 (2.9)

Site of bleeding

 Intracranial 33 (97.1)

 Skin bleeding 5 (14.7)

 Umbilical bleeding 1 (2.9)

 Prick site bleeding 1 (2.9)

 Bleeding from ear 1 (2.9)

 Left thigh 1 (2.9)

Table 2 Laboratory parameters

a PIVKA (protein induced by vitamin k absence)

Laboratory parameter (units) Median (range)

Hemoglobin (g/L) 63.5 (34–115)

Platelet counts (×  109/L) 3.63 (1.07–8.09)

Aspartate aminotransferase (U/L) 35 (11–79)

Alanine aminotransferase (U/L) 32 (11–116)

Total bilirubin (µmol/L) 23.76 (4.27–123.12)

Direct bilirubin (µmol/L) 7.6 (0.86–26.67)

PIVKA (ng/ml)a 37,926.7 (5120–211,535)

Table 3 Neuroimaging findings

Neuroimaging finding n(%)

Intraparenchymal hemorrhage 13 (38.23)

Subdural hemorrhage 13 (38.23)

Midline shift 8 (23.5)

Subarachnoid hemorrhage 6 (17.6)

Intraventricular hemorrhage 4 (11.7)

Extradural hemorrhage 4 (11.7)

Table 4 Neurosurgical intervention

Neurosurgical intervention n(%)

Decompressive craniectomy 12 (35.2)

External ventricular drainage 2 (5.8)

Ventriculoperitoneal shunt 1 (2.9)

Burr-hole evacuation 1 (2.9)
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delivered at home and did not receive vitamin K prophy-
laxis (Pooni et al. — 100% did not receive vitamin K and 
47% home delivery and Chandra et  al. — 100% did not 
receive vitamin K and 75% home delivery) [6, 8]. This is 
because Tamil Nadu and Puducherry state in India have 
a 100% institutional delivery rate as per NFHS 5 phase 
2 data [11]. However, despite vitamin K prophylaxis, a 
significant number of children are affected with VKDB, 
highlighting the importance of understanding factors like 
EBF, antibiotic usage, diarrhoea, and prematurity that 
contribute to its development.

The majority of cases (97.1%) were exclusively breast-
fed, attributed to low vitamin K content in breast milk 
(2.1 mcg/L) when compared to cow milk (4.9 mcg/L) and 
formula milk (4.2 mcg/L) [6], which correlate with the 
result of other studies [6, 8, 12]. Exclusively, breastfed 
infants are at higher risk for VKDB due to poor placental 
transfer and low vitamin K content in breast milk. Clarke 
P. et al. observed low vitamin K1 levels, higher PIVKA‐II, 
and a higher percentage of osteocalcin in breastmilk‐fed 
preterm babies than those receiving a formula/mixed‐
feed diet [13]. Greer et  al. also showed persistently low 
vitamin K levels in EBF infants at 4 weeks of life and sug-
gested supplementation of 5 mg of vitamin K to lactating 
mothers to increase vitamin K concentration in human 
milk as well as infant plasma [14].

The clinical profile of the study population revealed 
a range of presenting complaints. The most common 
symptoms included poor activity and convulsions fol-
lowed by vomiting and altered sensorium, which might 
be attributed to the intracranial bleeding associated with 
VKDB, which is a common site of bleeding in other stud-
ies also. IC bleed was reported in 82% of Chuansum-
rit et  al., 58% in Sutor et  al., and 61.5% in Karaci et  al., 
whereas we observed it in 97% of cases [9, 15, 16]. The 
exact reason for the increased incidence of IC bleed in 
VKDB is not understood. The immaturity of the cerebral 
vascular system in young infants may be contributing to 
intracranial bleeding. Additionally, skin bleeding, umbili-
cal bleeding, prick site bleeding, and bleeding from the 
ear and left thigh were observed, which amounts to 26%, 
further emphasizing the diverse clinical manifestations 
of this condition. This is consistent with a previous study 
by Karachi et al., which showed 36% of other site bleed-
ing [9]. The study’s focus on clinical presentation helps 
to elucidate the spectrum of symptoms that should raise 
suspicion for VKDB in neonates and young infants.

Laboratory parameters provided valuable insights into 
the severity of VKDB in the study population. The find-
ing that 58% of the study population had severe anemia 
is consistent with the hematological consequences of 
VKDB due to bleeding manifestations. The normal plate-
let counts and liver function tests among these children 

suggest that the primary cause of bleeding was likely 
related to clotting factor deficiencies rather than other 
systemic abnormalities.

PIVKA-II levels indirectly measure the vitamin K levels 
of the last 3 to 4 days. A rise in these proteins is a sen-
sitive and specific marker for subclinical VKDB. PIVKA 
level was measured in 44% of cases, and everyone had 
elevated levels in our study. PIVKA-II level of more than 
2 ng/mL will be considered as abnormal [17]. In a study 
conducted by Motohara et al., PIVKA-II, more than 0.1 
AU (arbitrary unit)/mL (1 AU = 1-µg purified prothrom-
bin = 1000  ng/mL) [18], was considered as significant 
VKDB. The mean PIVKA level in this study was 37,926.7 
(5120–211,535) ng/ml.

The high proportion of children with normal PT/INR 
(83%) assessments in our study is attributable to receiving 
vitamin K before our hospital admission. The normaliza-
tion of PT/INR after vitamin K administration reinforces 
the role of this intervention in diagnosing the VKDB.

The universal vitamin K administration to all 34 par-
ticipants emphasizes revising the prophylaxis proto-
col to prevent VKDB. There are different vitamin K 
prophylaxis regimens in various countries. Some centers 
administer oral vitamin K due to parental concern about 
giving injections to newborn babies, whereas many prefer 
intramuscular injections due to unpredictable oral drug 
absorption. Witt M. et al. observed that a vitamin K pro-
phylactic regimen of 1 mg oral at birth followed by a daily 
oral dosage of either 25 or 150 µg (Dutch regimen) still 
fails to prevent VKDB in breastfed infants and supported 
1-mg vitamin K IM at birth (Danish regimen) as prophy-
laxis against VKDB [19]. A systematic review by Sankar 
et  al. concluded that a single IM prophylaxis (1  mg) is 
better than a single oral dose (1–2 mg) [4]. However, the 
effect of multiple oral dosing needs to be studied. Fur-
ther, the review by Jullien mentioned various existing 
prophylaxis programs in different parts of the world and 
concluded that there is no significant difference between 
the intramuscular and the oral regimens for preventing 
classical and late HDN, provided that the oral regimen is 
duly completed [20].

The necessity of PICU transfer for 82% of the children 
brings out the severity of VKDB and the need for inten-
sive care management. Neuroimaging plays a crucial role 
in understanding the extent of bleeding and its impact on 
brain structures. Intraparenchymal and subdural hemor-
rhages were the most common findings in our study. This 
is inconsistent with previous studies in which subdural is 
most common (28%) in Ozdemir et  al., and intraparen-
chymal is most common (43.7%) in Karachi et al. [9, 21]. 
Neurosurgical interventions, including decompressive 
craniectomy and ventricular shunt placement, were often 
necessary to manage the complications of VKDB.
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The outcomes observed in the study population reflect 
the spectrum of VKDB severity. While a significant por-
tion of children recovered, a notable percentage (17.6%) 
experienced sequela, such as hemiparesis, monopare-
sis, and quadriplegia, which is less (28%) compared to 
previous studies [10, 16], and Karachi et  al. reported as 
high as 50% (3 epilepsy, 4 motor, and mental retardation, 
4 hydrocephalus) [9]. Tragically, 14% of children suc-
cumbed to the complications of VKDB; this is consistent 
with another study with 20% mortality in Winckel et al. 
and 31% mortality in Ozdemir et  al. [21, 22], reinforc-
ing the importance of early diagnosis, prevention, and 
intervention.

There is a paucity of literature regarding VKDB in chil-
dren. This study contributes valuable insights into the 
clinical presentation, risk factors, and outcomes associ-
ated with vitamin K deficiency bleeding in the pediatric 
population. Also, we included infants with only VKDB 
and excluded other secondary causes of vitamin K defi-
ciency. However, the majority of cases are retrospectively 
included, and long-term follow-up details were not avail-
able in our study. A prospective multicentric study with 
long-term follow-up will throw better light on this severe 
yet preventable cause of intracranial bleeding.

Conclusion
In conclusion, vitamin K deficiency commonly presents 
as intracranial hemorrhage in infants. Exclusive breast-
feeding is a significant risk factor for vitamin K defi-
ciency, followed by low birth weight and prematurity. 
One-third of children had serious adverse outcomes in 
terms of death or severe neurological sequelae. Despite 
receiving prophylaxis at birth, infants develop vitamin K 
deficiency. This highlights the importance of revising the 
existing vitamin prophylaxis program.
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