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Background: Idiopathic vitamin K deficiency in infancy or acquired prothrombin complex deficiency (APCD)

is a serious bleeding disorders in infants. It leads to a high mortality rate and permanent neurological sequele

among the survivors. A low vitamin K intake by infants is suggested to have a major role in the pathogenesis.

To reduce the incidence of this syndrome, its risk factors have to be identified.

Objective: To determine the risk factors of the acquired prothrombin complex deficiency syndrome in the early

infantile period.

Material and Method: A case-control study was conducted in 20 cases and 60 age- and sex-matched controls

who were admitted to the Queen Sirikit National Institute of Child Health in Bangkok during August 1991 to

August 1993. Feeding type, maternal history of herb-liquor extracts (herbal medicine) use and no history of

vitamin K1 prophylactics at birth were identified to be risk factors of the syndrome. All subjects were fed by

breast milk with or without formula milk. None of the subjects fed by formula milk were in the case group (Chi-

square for trend = 14.77, p = 0.001).

Rusults: The rate of a maternal history of herb-liquor extracts use in the case group was significantly higher

than that of the control group (p = 0.03). Vitamin K2MK4 level in breast milk obtained from the mothers of the

infants with maternal history of herb-liquor extracts use was lower than that obtained from the mothers of the

infants without maternal history of herb-liquor extracts use (p = 0.03). No infant with history of intramuscular

K1 prophylactics was in the case group. Three out of eight infants with history of oral vitamin K1 regimen were

cases. Although vitamin K1 and K2MK4 level in breast milk obtained from the cases’ mothers were signifi-

cantly lower than that obtained from the controls’ mothers (p = 0.015 and p = 0.003 respectively), there was

an overlapping of vitamin K levels among these two groups.

Conclusion: This study demonstrated that vitamin K in breast milk has a main role in the pathogenesis of this

disease. Herb-liquor extracts may be a cause of the APCD syndrome. Intramuscular vitamin K1 prophylactics

should be routinely given to all newborn babies who will receive breast feeding. Effectiveness of oral vitamin

K1 prophylactics regimen must be studied urgently.
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Idiopathic vitamin K deficiency in infancy or

acquired prothrombin complex deficiency (APCD)

syndrome is a serious bleeding disorder in the early

infantile period that was first described in 1966(1). Since

1966, this bleeding disorder has been reported from

many parts of the world including North America,

Europe, Australia and Asia(2-20). The majority of the

cases reported in literature have been in Japan and

Thailand. The APCD syndrome is one of the most

serious diseases affecting infants. It leads to a high
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mortality rate and permanent neurological sequelae

among the survivors(1-20). A high incidence of this

syndrome in Thailand (35.5 per 100,000 live births)

makes this disorder a public health problem for the

nation(2).

Available data at present suggests that a low

vitamin K intake by infants is responsible for the dis-

order(21,22). However, some patients who had been given

vitamin K prophylactics at birth were reported(3,7,16,17).

Infant fed with breast milk that was found to have a

much lower level of vitamin K than formula milk(8,23-26),

had a higher risk of APCD syndrome(3-5,8,20,27). A high

percentage of having a maternal history of herb-liquor

extracts (herbal medicine) intake and diet restrictions

among patients with APCD syndrome were reported

from Thailand(2,3,5,20,28). Coumarin was found in some

herb-liquor extracts and has been hypothesized as

a possible causative factor in this disorder(5,28,29).

However, coumarin could not be detected in plasma

or breast milk obtained from mothers who took herb-

liquor extracts(28).

Although low vitamin K is considered to

have a major role in the pathogenesis of the APCD

syndrome, we know little about other factors involved

in the pathogenesis. Moreover, to reduce the incidence

of this syndrome, its risk factors have to be identified.

Therefore, we conducted a case-control study to

determine risk factors of the APCD syndrome among

Thai infants admitted to the Queen Sirikit National

Institute of Child Health in Bangkok.

Material and Method

Twenty infants aged between 2 weeks and

3 months, who were admitted to the Queen Sirikit

National Institute of Child Health from August 1991 to

August 1993 and diagnosed as having acquired pro-

thrombin complex deficiency syndrome (APCD), were

recruited for the study. These cases were diagnosed

as having APCD by evidence of having bleeding dis-

order, venous clotting time longer than 15 minutes(30),

abnormal prothrombin time (PT) (31), abnormal partial

thromboplastin time (PTT)(32), normal thrombin time

(TT)(33), the low activities of factors II, VII, IX, X(34-36)

and normal platelet number. Seasonal pattern of ad-

mission, clinical manifestation and outcome of these

patients was collected. Coagulogram on admission

including PT(31), PTT(32), TT(33) and the activities of

factors II, VII, IX, X(34, 35) were studied. For each

case, three infants who were admitted during the same

period and were age- (+ 2 weeks) and sex- matched

were recruited as controls. Subjects with any evidence

of liver impairment, diarrhea for more than three days

or having received antibiotics in the last seven days

were excluded from the study.

Information on the subjects and their

mothers was obtained to identify risk factors of the

APCD syndrome in this population including types of

feeding (breast feeding only, breast plus formula milk

feeding or formula milk feeding only), a history of

vitamin K prophylactics, nutritional status of infants

and their body weight, a history of blood transfusion,

a history of drug use, a history of herb-liquor extracts

intake by mothers, a history of maternal diet restric-

tion, a history of abnormality during pregnancy and a

family history of bleeding disorders.

Breast milk samples, obtained from the

mothers who were breast feeding the subjects, were

deep frozen (below -20 Celsius), kept in a pack of dried

ice and sent to the University of Occupational and

Environmental Health in Japan for analysis. Vitamin

K1, K2MK4 and K2MK7 levels in the milk were

analyzed by the method reported by Shino(36).

Chi-square test, Chi square for trend(37) and

Student’s unpaired t-test were used for statistical

analysis. Odds ratio and its 95% confidence intervals(38)

of risk factors were calculated. SPSS-PC+ program was

used for statistical analysis.

Results

Twenty cases and 60 age- and sex-matched

controls were recruited. Mean age of cases and controls

were 43.6 + 13.5 days (range 21-73) and 46.8 + 14.5 days

(range 26-82) days respectively. Seventy percent of

subjects were male. (Table 1) No seasonal variation

of admitted cases was found (6, 7 and 7 cases were

admitted in summer, rainy season and winter respec-

tively). Common clinical manifestations on admission

of these APCD cases were convulsion and drowsiness

(95%), anemia (85%) and fever (50%). Nineteen cases

(95%) had intracranial bleeding including subdural

hematoma, intracerebral hemorrhage, intraventricular

hemorrhage and subarachnoid hemorrhage. Two cases

(10%) had gastrointestinal tract bleeding. Only 10% of

the cases had cutaneous bleeding (skin and oral

cavity) (45%) had completely recovered. Permanent

neurological handicaps including hemiparesis, micro-

cephaly, convulsive disorders, spasticity and hydro-

cephalus were found in nine cases (45%). Two cases

were intrahospital dead. Prothrombin time, partial

thromboplastin time, thrombin time and the activities

of factors II, VII, IX, X on admission were abnormal in

cases only (Table 2).
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  Case (n = 20) Control (n = 60)

Mean age + SD (days)      43.6 + 13.5      46.8 + 14.5

Mean weight + SD (grams) 4,172 + 790 4,283 + 700

Malnutrition (%)

First degree       9 (45)      19 (32)

Second degree       2 (10)        7 (12)

Maternal diet restriction - n (%)     11 (55)      26 (43)

Herb-liquer extracts - n (%)     17 (85)      35 (58)

Mean volume + SD - ml   979.7 + 1237.6*    632.3 + 939.6**

Feeding type - n (%)

Breast feeding only     14 (70)      18 (30)

Breast + formula feeding       6 (30)      15 (25)

Formula feeding only       -      27 (45)

Vitamin K1 prophylaxis - n (%)

No     15 (75)      23 (38)

Oral route       5 (25)        3 (5)

Intramuscular injection       -      34 (57)

Vitamin K1 level in maternal breast milk

Mean + SD - nanograms/ml       0.87 + 0.8        1.60 + 1.3

Vitamin K2MK4 level in maternal breast milk

Mean + SD - nanograms/ml        0.50 +0.5        1.08 +0.8

Table 1. Characteristics of subjects and vitamin K level obtained from breast milk of their mother

* denominator = 17

** denominator = 35

                      Case                  Control

  Mean + SD     Range Mean + SD    Range p-value

Prothrombin time (sec) 196.1 +  148.4  25.5-540.0 12.7 + 0.7 11.5-15.4 <0.001

Partial thromboplastin time (sec) 264.3 + 145.2  71.0-570.0 41.6 + 10.6 32.0-54.6 <0.001

Thrombin time (sec)     9.0 + 1.5   6.2-12.0   9.3 + 2.1   5.6-15 >0.05

Activity of factor II (%)*     1.1 + 2.3 <0.001-7.3 67.1 + 11.5 39.9-99.8 <0.001

Activity of factor VII (%)*     5.9 + 6.7   0.7-23.3 89.6 + 18.7 52.3-163.2 <0.001

Activity of factor IX (%)*     2.9 + 4.5   0.05-13.3 49.7 + 22 16.0-113.7 <0.001

Activity of factor X (%)*     4.5 + 5.4   0.07-20.8 93.3 + 20.8 47.1-141.3 <0.001

Table 2. Results of coagulogram on admission of cases and controls

The cases had slightly lower weight on

admission than the controls. Eleven cases (55%) and

twenty-six controls (43%) were classified as having

malnutrition. (Table 1) There was no evidence of

malnutrition in all of the subjects’ mothers. There was

no history of blood transfusion, history of abnormality

during pregnancy or family history of bleeding dis-

orders in all of the subjects. Common drugs used

during pregnancy were paracetamol, vitamins and

antihistamines. Apart from vitamin K1 prophylactics,

32% of cases and 28% of controls received some

common cold remedies before admission. No evidence

of medication, which could affect coagulation such as

warfarin, phenytoin, phenobarbital or aspirin, was

found.

Cases had higher rate of maternal history of

postpartum herb-liquor extracts intake than controls

(Chi-square = 4.69, p = 0.03). The difference in a history

of maternal diet restriction between cases and controls

was not statistically significant. Seventy percent of

cases (n =14) were fed by breast milk only, 30% (n = 6)

by both breast and formula milk and none by formula
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milk only. Thirty percent of controls (n = 18) were fed

by breast milk only, 25% (n = 15) by both breast and

formula milk and 45% (n = 27) by formula milk only. Chi-

square about trend and chi square for trend on types

of feeding were 15.14 (p = 0.0005) and 14.77 (p < 0.001)

respectively. Five cases (25%) had been given oral

vitamin K1 at birth. None of the cases received intra-

muscular vitamin K1. Three cases (5%) and thirty-four

infants (57%) in the control group received received

oral and intramuscular vitamin K1 prophylactics at

birth respectively. There was a statistically significant

difference in the history of vitamin K1 prophylactics

between the cases and controls (Chi-square = 21.58,

p = 0.0000). Odds ratios and their 95% confidential

interval of these factors are shown in Table 3.

Vitamin K1 level in breast milk obtained from

the mothers of cases and controls were 0.89 + 0.8 and

1.62 + 1.3 nanogram/mL respectively. Vitamin K2MK4

level in breast milk obtained from the mothers of cases

and controls were 0.53 + 0.5 and 1.09 + 0.8 nanogram/

mL respectively. The difference of vitamin level

between cases and controls was statistically signifi-

cant (p = 0.015 for vitamin K1; p = 0.003 for vitamin

K2MK4) (Table 1). Vitamin K2MK7 levels in all samples

were lower than 0.1. Vitamin K2MK4 levels in breast

milk obtained from subjects with a history of maternal

herb-liquor extracts use were lower than those obtained

from subjects without a history maternal herb-liquor

extracts use (p = 0.03). There was no statistical

difference in vitamin K1 levels among these two groups.

There was no significant effect from maternal diet

restriction on vitamin level in breast milk. When 1 and

0.5 nanograms per milliliter of vitamin K1 and K2MK4

level respectively were used as cut-off levels, the odds

ratios for having APCD among those having low

vitamin level were significantly high (Table 3).

Discussion

Infants with APCD syndrome in the present

study had typically clinical manifestations and out-

comes(1-19). All of them had abnormal coagulogram

which confirmed the diagnosis of the APCD syndrome.

None of the controls had abnormal coagulogram

(Table 2). Therefore, there were no misclassified cases

in the present study.

This case-control study demonstrated some

univariate factors including feeding type, vitamin K1

prophylactics, maternal history of herb-liquor extracts

intake, vitamin K1 and vitamin K2MK4 level in breast

milk. Feeding type is a strong risk factor suggested

by the fact that none of the cases took formula milk.

Moreover, linear trend of relation between types of

feeding and disease is demonstrated by the chi square

for trend analysis. It implies that the main cause of the

disease should relate to breast milk.

Although there were some infants in the case

group who had a history of vitamin K1 prophylactics

at birth, all of them received the oral regimen. Three out

of five subjects who had been given oral vitamin K1

prophylactics were cases while none of subjects who

had been given intramuscular regimen were. The oral

regimen has been used in Thailand since 1984(39).

Efficacy of this regimen was tested both in Thailand

and aboard(39-43). However, there were reports of

sixteen infants who had been given oral vitamin K1

prophylactics at birth and developed the APCD syn-

drome(44). Although there were reports of unrecognized

bile duct paucity and liver diseases as causes of late

vitamin K-deficiency bleeding after oral vitamin K

prophylaxis(45,46), our study suggested an ineffective-

ness of the oral route regimen. This might partly

explain the finding of Pansatiankul BJ and colleague

that the incidence of the APCD syndrome increased

Factors Odds ratio 95% CI

Feeding type:

Breast + formula milk against breast milk      1.94 0.60-6.31

Vitamin K1 prophylaxis

Oral route against no prophylaxis      0.39 0.21-0.87

Any route against no prophylaxis      4.83 1.55-15.06

Postpartum herb-liquor extracts intake      4.05 2.05-7.98

Maternal diet restriction      1.60 0.58-4.42

Malnutrition status of infants      1.60 0.58-4.42

Vitamin K1 level in maternal breast milk (< 1  nanograms/ml)      4.08 1.24-13.43

Vitamin K2MK4 level in maternal breast milk (< 0.5  nanograms/ml)      4.95 1.50-16.38

Table 3. Odds ratio and 95% confident interval of factors included in this study
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after routine use of oral vitamin K1 prophylactic

was implicated by the Ministry of Public Health of

Thailand(19). Regurgitation of oral vitamin K1 solution

after administration, improper storage or improper

administration may be responsible factors in its

ineffectiveness. Further study about effectiveness of

the oral prophylactic regimen must be urgently done(47).

Meanwhile, routine prophylactics by the intramuscular

prophylactic regimen should be recommended. Findings

from this study suggested that, at least, newborns who

take breast milk (with or without formula milk) should

be given prophylactics routinely.

Use of herb-liquor extracts and restriction on

diet during postpartum period are common practice in

Thailand. It is believed that herb-liquor extracts are

useful for the health of mothers during early postpartum

period. There are reports about high prevalence of using

herb-liquor extracts and diet restriction among mothers

of infants with the APCD syndrome in Thailand(2-5).

From this study, association of these two factors

and the syndrome was demonstrated. This finding

confirmed previous finding of Pansatiankul BJ and

colleague(20). Vitamin K2MK4 levels in breast milk

obtained from mothers who had used herb-liquor

extracts were lower than vitamin K2MK4 levels in

breast milk obtained from mothers who had not used

herb-liquor extracts. Moreover, dicumarol, one of the

coumarin anticoagulant, has been found in alcoholic

herb elixirs(29). Thus, herb-liquor extracts may have a

role in the pathogenesis of the disease. Coumarin,

alcohol or other substances in herb-liquor extracts may

affect the level of vitamin K2MK4 in breast milk(5). The

responsible substance and the mechanism should be

investigated further.

The vitamin K2MK7 in all samples obtained

either from cases or controls were lower than 0.1

suggests that it may not be a factor in pathogenesis.

The vitamin K1 and K2MK4 levels in breast milk

obtained from the mothers of the controls were signifi-

cantly higher than that of cases. Infants who were only

fed by formula milk, which contains much higher

vitamin K than breast milk(48), were free from disease.

This supports the key role of low vitamin K level in

breast milk in pathogenesis of the APCD syndrome(49,50).

Conclusion

The type of feeding, intramuscular vitamin K1

prophylactics, use of herb-liquor extracts and level of

vitamin K (K1 and K2MK4) in breast milk are all factors

relating to the APCD syndrome. Low levels of vitamin

K1 and K2MK4 in breast milk are the key factor in the

pathogenesis. Intramuscular vitamin K1 prophylactics

should be recommended for routine use in the new-

born who will be fed with breast milk instead of an oral

regimen. Effectiveness of oral vitamin K1 prophylactics

must be urgently studied. Herb-liquor extracts may have

a role in the pathogenesis of this syndrome. Avoiding

the use of these extracts may reduce the incidence of

the APCD syndrome among Thai infants.
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ªí®®—¬‡ ’Ë¬ß¢Õß acquired prothrombin complex deficiency syndrome: °“√»÷°…“™π‘¥ case-control

∫ÿ≠‡™’¬√  ª“π‡ ∂’¬√°ÿ≈,  ÿ∑∏‘™—¬  ®‘μ–æ—π∏å°ÿ≈

∫∑π”: Acquired prothrombin complex deficiency (APCD) ‡ªìπ¿“«–‡≈◊Õ¥ÕÕ°º‘¥ª°μ‘∑’Ë√ÿπ·√ß„π∑“√°

´÷Ëß®–∑”„ÀâÕ—μ√“μ“¬·≈–§«“¡æ‘°“√∑“ß ¡Õß¢Õß∑“√°∑’Ë¡’‡≈◊Õ¥ÕÕ°‡À≈à“π’È Ÿß °“√‰¥â√—∫Õ“À“√∑’Ë¡’«‘μ“¡‘π‡§μË”

πà“®–‡ªìπªí®®—¬À≈—°∑’Ë∑”„Àâ‡°‘¥°≈ÿà¡Õ“°“√π’È °“√∑’Ë®–≈¥Õÿ∫—μ‘°“√≥å¢Õß°≈ÿà¡Õ“°“√π’È®”‡ªìπμâÕß»÷°…“À“ªí®®—¬‡ ’Ë¬ß

∑’Ë∑”„Àâ¡’prothrombin complex ≈¥≈ß

«—μ∂ÿª√– ß§å: »÷°…“ªí®®—¬‡ ’Ë¬ß¢Õß∑“√°∑’Ë¡’¿“«–‡≈◊Õ¥ÕÕ°®“°°“√¡’ prothrombin complex μË”

«— ¥ÿ·≈–«‘∏’°“√: ºŸâ«‘®—¬‰¥â∑”°“√»÷°…“™π‘¥ Case-control ‡æ◊ËÕ§âπÀ“ªí®®—¬‡ ’Ë¬ß¢Õß°≈ÿà¡Õ“°“√ acquired prothrom-

bin complex deficiency (APCD) „π‡¥Á°·√°§≈Õ¥∑’Ë‡ªìπºŸâªÉ«¬°≈ÿà¡Õ“°“√ APCD ®”π«π 20 √“¬∑’Ë‡ªìπ°≈ÿà¡»÷°…“

·≈–‡¥Á°·√°§≈Õ¥∑’Ë‡ªìπ°≈ÿà¡§«∫§ÿ¡®”π«π 60 √“¬ ≥  ∂“∫—π ÿ¢¿“æ‡¥Á°·Ààß™“μ‘¡À“√“™‘π’ °√ÿß‡∑æ¡À“π§√

√–À«à“ß‡¥◊Õπ  ‘ßÀ“§¡ æ.». 2534 ∂÷ß  ‘ßÀ“§¡ æ.». 2536

º≈°“√»÷°…“: æ∫«à“ √Ÿª·∫∫°“√„Àâπ¡ ª√–«—μ‘°“√„™â¬“¥Õß‡À≈â“ ·≈–°“√‰¡à‰¥â√—∫°“√ªÑÕß°—π¥â«¬«‘μ“¡‘π‡§ ‡ªìπªí®®—¬

‡ ’Ë¬ß¢Õß°≈ÿà¡Õ“°“√ APCD ‡¥Á°∑“√°∑ÿ°√“¬∑’Ë‡¢â“√à«¡°“√»÷°…“‰¥â√—∫π¡·¡à·μà¡’‡¥Á°∑“√°„π°≈ÿà¡§«∫§ÿ¡∫“ß√“¬

∑’Ë‰¥â√—∫π¡ºß (formula milk) √à«¡¥â«¬ „π¢≥–∑’Ë‰¡à¡’‡¥Á°∑“√°„π°≈ÿà¡»÷°…“∑’Ë‰¥â√—∫π¡ºß‡≈¬ (p = 0.001) Õ—μ√“¢Õß

ª√–«—μ‘°“√„™â¬“¥Õß‡À≈â“¢Õß¡“√¥“„π°≈ÿà¡»÷°…“ Ÿß°«à“∑’Ëæ∫„π¡“√¥“¢Õß°≈ÿà¡§«∫§ÿ¡Õ¬à“ß¡’π—¬ ”§—≠ (§à“ p =

0.03) √–¥—∫«‘μ“¡‘π K2MK4 „ππÈ”π¡∑’Ë‰¥â®“°¡“√¥“∑’Ë¡’ª√–«—μ‘°“√„™â¬“¥Õß‡À≈â“μË”°«à“∑’Ëæ∫„π¡“√¥“∑’Ë‰¡à¡’ª√–«—μ‘

‰¥â√—∫¬“¥Õß‡À≈â“ (p = 0.03) ·≈–‰¡àæ∫«à“∑“√°„π°≈ÿà¡»÷°…“√“¬„¥‡≈¬∑’Ë‰¥â√—∫°“√ªÑÕß°—π¥â«¬«‘μ“¡‘π‡§™π‘¥

©’¥‡¢â“°≈â“¡ ∑“√°∑—ÈßÀ¡¥∑’Ë¡’ª√–«—μ‘‰¥â√—∫°“√ªÑÕß°—π¥â«¬«‘μ“¡‘π‡§∑“ßª“°®”π«π 8 √“¬ Õ¬Ÿà„π°≈ÿà¡»÷°…“ 3 √“¬

∂÷ß·¡â«à“√–¥—∫«‘μ“¡‘π‡§Àπ÷Ëß (K1) ·≈–√–¥—∫«‘μ“¡‘π K2MK4 „ππÈ”π¡∑’Ë‰¥â®“°¡“√¥“¢Õß°≈ÿà¡»÷°…“¡’√–¥—∫μË”°«à“

∑’Ëμ√«®«—¥‰¥â®“°¡“√¥“„π°≈ÿà¡§«∫§ÿ¡ (p = 0.015 ·≈– 0.03μ“¡≈”¥—∫) º≈°“√»÷°…“π’È· ¥ß∂÷ß∫∑∫“∑ ”§—≠¢Õß

«‘μ“¡‘π‡§„ππÈ”π¡„π°≈‰°°“√‡°‘¥‚√§π’È ·≈–· ¥ß«à“¬“¥Õß‡À≈â“Õ“®‡ªìπ “‡ÀμÿÀπ÷Ëß¢Õß°“√‡°‘¥‚√§

 √ÿª: ∑“√°·√°§≈Õ¥∑ÿ°§π∑’Ë¥◊Ë¡πÈ”π¡·¡à§«√‰¥â√—∫°“√ªÑÕß°—π¥â«¬«‘μ“¡‘π‡§™π‘¥©’¥‡¢â“°≈â“¡·≈–ª√– ‘∑∏‘º≈¢Õß

°“√„™â«‘μ“¡‘π‡§∑“ßª“°„π°“√ªÑÕß°—π§«√‰¥â√—∫°“√»÷°…“μàÕ‰ª
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