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Abstract \\
Background: This study aimed to investigate blood transfusion rates and spectrum of diseases in hospitalized neonates treated |

with blood transfusion in China to provide supporting data for future studies on neonatal blood transfusion.

Methods: Data on hospitalized neonates were obtained from more than 100 experts from the Department of Neonatology of 55
hospitals in China between January 1, 2012 and December 31, 2016, using a standardized survey. A statistical analysis was
conducted to evaluate the data collected, including the blood transfusion rates, blood component transfused, spectrum of diseases,
and spectrum of major diseases.

Results: Between 2012 and 2016, 541,128 neonates were hospitalized in the 55 hospitals surveyed. There were 70,433 neonates
who received blood transfusion, with an average transfusion rate of 13.02%. The rates of red blood cell transfusion, platelet
transfusion, and plasma transfusion were 9.44%, 0.66%, and 4.77%, respectively. The neonatal blood transfusion rate was 17.99%
in Northeast China, 9.74% in Northwest China, and between 10.60% and 16.22% in other regions. The neonatal blood transfusion
rate was 12.3% in general hospitals and 13.8% in women and children’s hospitals. The top 10 diseases identified in hospitalized
neonates treated by blood transfusion were, in rank order, as follows:prematurity,pneumonia, hyperbilirubinemia, bacterial sepsis,
respiratory distress syndrome, anemia, hemolytic disease, asphyxia, hemorrhage, and necrotizing enterocolitis.

Conclusion: The neonatal blood transfusion rate in China is 13.03%.The rank order in the disease spectrum of the hospitalized

neonates and that in hospitalized neonates treated with blood transfusion are different.
Abbreviations: ICD = International Classification of Diseases, NICU = neonatal intensive care unit.
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1. Introduction

Neonatal transfusion therapy is used for the treatment of anemia,
thrombocytopenia, and diseases associated with coagulation
disorders of different etiologies. Since the “two-child policy” has
come into effect in China, the number of women at advanced
maternal age with high-risk pregnancy has increased rapidly,
leading to an increase in the number of preterm neonates, low-
birth-weight(LBW) neonates, and neonates with postnatal
defects. The two-child policy is a family planning policy
implemented in China, which means that couples who meet
the specified conditions are allowed to have “two children” since
January 1, 2016. The couples are allowed to have only
“one children” before that time. Blood transfusion therapy is
particularly important for the treatment of LBW or very-low-
birth- weight(VLBW) neonates, in which the transfusion rate
during hospitalization can reach more than 80%." However,
since there are no big data from neonatal transfusion research in
China to aid in the formulation of national neonatal transfusion
guidelines, the decisions for neonatal transfusion therapy in the
clinical settings in China are mainly made on empirical basis or
with reference to the transfusion guidelines from foreign
countries. Some countries, such as the United Kingdom, the
United States, Italy, and Australia, have developed guidelines or
expert consensus on neonatal transfusion therapy that provide
guidance on transfusions for neonatal thrombocytopenia and
neonatal anemia.”””) However, the recommendations are
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inconsistent, and treatment decisions are often still based on
clinical experience.!®!

This study utilized a multicenter and a combined retrospective
and prospective survey design to investigate the status of neonatal
blood transfusion in China. The data on neonatal blood
transfusions obtained can provide an evidence-based medical
basis for the development of neonatal blood transfusion
treatment guidelines in China.

2. Methods

2.1. Study population

(1) Study population. Between January 1, 2012 and December
31, 2016, all neonates hospitalized in the Department of
Neonatology of 55 hospitals nationwide were included, and
all studies that involve human subjects were approved by the
ethics committee of Shaanxi Provincial People’s Hospital.

The 55 selected hospitals should match any of the following
conditions:

(1) the number of neonates department beds are greater than 20
in the tertiary general hospital.
(2) Children’s hospital or maternal and child health hospital.

The hospitals were nationwide collected on the net, and the 55
participating hospitals were extracted at random from them
according to the regions.

(2) Patient groupings.

(1) By region: data were grouped based on the administrative
regions of China: Northeast China, North China, East China,
Central China, South China, Northwest China, and South-
west China. Data from Hong Kong, Macau, and Taiwan
were not collected.

(2) By hospital type: the hospital type was divided into general
hospitals and women and children’s hospitals.

(3) By quartile: data were grouped into quartiles based on the
different number of beds in the Department of Neonatology
of the hospitals: 1 to 48 beds (within 25%), 49 to 64 beds, 65
to 90 beds, and >91 beds (75% or above).

2.2. Data collection

(1) Collection method. A standardized data collection table was
developed and used to collect the basic information and data
related to blood transfusion of the hospitalized neonates in
the Department of Neonatology of 55 hospitals between
2012 and 2016. The data regarding the top 10 diseases
identified in the hospitalized neonates and top 10 diseases
identified in the hospitalized neonates treated with blood
transfusion each year were collected from the medical record
department or information center of each hospital. The
International Classification of Diseases (ICD) codes were
used as the selection criteria for the collection of disease-
related information: the four-digit ICD codes (category) were
used for the primary screening of disease and for determining
the disease classification.

(2) Determination of the number of patients who received blood
transfusions. (1) the number of patients who received blood
transfusions: a single blood transfusion therapy or multiple
blood transfusion therapies during hospitalization were
recorded as one transfusion. (2) The number of patients
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who received blood component transfusions: transfusions of
different blood components during hospitalization were
calculated separately, for example, one red blood cell
suspension transfusion and one plasma transfusion separately.

(3) Quality control. Data collection and joint auditing were
conducted by one neonatologist and one blood transfusion
technician in each participating hospital. All participants
received a standardized training. The data acquisition were
carried out by the participating hospitals according to the
questionnaire. The carried data were sent to the Shaanxi
Provincial People’s Hospital, where the experts of the
research group performed data cleansing and quality control
of the collected data.

2.3. Disease classification

(1) Assignment of disease. Data of the top 10 diseases identified in
the hospitalized neonates and the top 10 diseases identified in
those treated with blood transfusion in each hospital were
collected and sorted as follows:

(1) The diseases were grouped according to the ICD.

(2) Assignment of disease: the top 10 assigned diseases in each
hospital were assigned a value between 1 and 10 (10, 9, 8,

..., 1 points) according to their rank.

(3) To exclude the impact of hospital size and the number of
discharged patients in the Department of Neonatology on the
overall disease ranking, data weighting was conducted based
on the disease assignments in each hospital, the number of
discharged patients in the Department of Neonatology, and the
total number of discharged neonates in all participating units.

The scores (r,) of the top 10 diseases in this unit relative to the
diseases in all participating units in the nation was calculated as
follows:

. :% x 100% x s,

S

where 7, represents the scores of the disease, p; as number of
discharged neonatal patients in each participating unit during the
survey reference period, p, as total number of discharged
neonatal patients in all participating units during the survey
reference period, and s, as disease type in discharged neonatal
patients in each participating unit during the survey reference
period. Each disease was assigned a value according to its rank
(1st=10 points, 2nd=9 points, etc.).

(2) Rank order in the disease spectrum. The ry of the same
disease from the 55 hospitals were classified and summed to
obtain a total score for each disease. Finally, a disease spectrum
was obtained by ranking different diseases according to their
total scores.

2.4. Statistical analysis

All data were analyzed using the IBM SPSS 24.0 statistical
software, and categorical data were expressed as rates and ratios.

3. Results

3.1. Background information of the 55 hospitals

The 55 hospitals included in this study were located across 7
administrative regions, 21 provinces, 2 direct-controlled munici-
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palities, and 41 cities in China. A total of 106,538 beds were in
use in the 55 hospitals, including 3924 beds in the Department of
Neonatology. Of the 55 hospitals, 17 were women and children’s
hospitals, while 38 were general hospitals (Table 1).

3.2. Transfusion rates in neonates

Between January 1, 2012 and December 31, 2016, the total
number of discharged neonates in the 55 hospitals nationwide
was 541,128, and the number of neonates who received blood
transfusion was 70,433, with an average transfusion rate of
13.02%. The blood transfusion rates in hospitals of different
sizes varied between 1.21% and 27.38% (Table 1). In addition,
there were considerable differences in the transfusion rates
between different regions. The highest transfusion rate was in the
Northeast region (17.99%), whereas the lowest transfusion rate
was in the Northwest region (9.74%). The transfusion rates in
other regions were between 10.60% and 16.22% (Table 2).

The data were grouped into quartiles based on the number of
beds in the Department of Neonatology of the hospitals (Table 3).
The transfusion rate was the lowest (7.55%) in hospitals with less
than 48 beds, and the highest (16.24%) in hospitals with more
than 91 beds.

Statistical analysis by hospital type showed that the neonatal
blood transfusion rate was 12.26% in general hospitals and
13.8% in women and children’s hospitals. The overall blood
transfusion rate in women and children’s hospitals was greater
than that in general hospitals (Table S1, http:/links.lww.com/
MD/E128).

3.3. Blood component transfusion rates in neonates

Of the 55 hospitals, 39 participated in the survey on neonatal
blood component transfusion rates. The number of blood
transfusions between January 1, 2014 and December 31, 2016
were calculated. The total number of hospitalized neonates in the
39 hospitals within the 3-year reference period was 259,886.
About 24,536 neonatal patients received red blood cell
suspension transfusion (9.44%), 1717 neonatal patients received
platelet transfusion (0.66%), and 12,394 neonatal patients
received plasma transfusion (4.77%) (Table 4). The rates of red
blood cell suspension (14.3%), plasma (6.75%), and platelet
transfusions (1.41%) were highest in Northeast China. The
lowest rate of red blood cell transfusion was in Southwest China
(8.12%), the lowest rate of platelet transfusion was in Northwest
China (0.41%), and the lowest rate of plasma transfusion was in
East China (3.26%) (Table 4). The rates of red blood cell
suspension and platelet transfusions in neonates were lower in
general hospitals than in women and children’s hospitals,
whereas the rate of plasma transfusion in both hospitals was
the same (Table S2, http:/links.lww.com/MD/E129).

3.4. Spectrum of diseases in hospitalized neonates and
that in hospitalized neonates treated with blood
transfusion

The disease spectrum in neonates was obtained by weighting the
top 10 assigned diseases in each participating hospital each year
and the total number of hospitalized neonatal patients in the 55
hospitals (Table 5). Between 2012 and 2016, the top 10 diseases
in hospitalized neonates were, in rank order, as follows:
pneumonia, prematurity, hyperbilirubinemia, respiratory distress
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syndrome, asphyxia, hemolytic disease, bacterial sepsis, hypoxic-
ischemic encephalopathy, aspiration pneumonia, and dysphagia.
The rank order in the disease spectrum of the hospitalized
neonates varied in different regions. Among the hospitalized
patients in Northeast China and North China, the number of
preterm neonates was the highest and ranked 1st in the spectrum.
In East China, South China, Northwest China, and Southwest
China, the disease with the highest rank was hyperbilirubinemia,
whereas that in Central China was pneumonia. Except for
Southwest China, the top three leading causes of hospitalization
in other regions were prematurity, hyperbilirubinemia, and
pneumonia (Table S3, http:/links.lww.com/MD/E130).

Data on the hospitalized neonates who received blood
transfusions in the 55 hospitals were weighted, and a spectrum
of diseases in neonates treated by blood transfusion was obtained
(Table 6). The top 10 diseases identified in neonates treated with
blood transfusion were, in rank order, as follows: prematurity,
pneumonia, hyperbilirubinemia, bacterial sepsis, respiratory
distress syndrome, anemia, hemolytic disease, asphyxia, hemor-
rhage, and necrotizing enterocolitis. The rank order of diseases in
neonates treated with blood transfusion varied in different
regions. The disease that ranked first in Northeast China, North
China, East China, South China, and Northwest China was
prematurity, and those in Southwest China and Central China
were hyperbilirubinemia and pneumonia, respectively (Table S4,
http://links.lww.com/MD/E131).

4. Discussion

Recent clinical studies have found that the effect of the strongly
advocated restrictive transfusion strategy on neurodevelopment
remains uncertain.® ' In the era of evidence-based medicine,
transfusion strategies require the support of strong evidence from
clinical research. Generally, transfusions can be considered as
long as the benefits outweigh the risks. However, the evolution of
transfusion strategies in preterm neonates in recent decades lacks
the support from clinical evidence. The criteria for determining
blood transfusion need in critically ill neonates are imprecise, and
opinions are divided among neonatologists. The use of the
relatively objective parameters (such as hemoglobin or hemato-
crit) as guidance for blood transfusion also remains controversial.
Current guidelines for neonatal blood transfusions are still in
contention, and references for disease spectrum or the current
status of neonatal blood transfusions are lacking. For these
reasons, we conducted a multicenter study on neonatal blood
transfusion in China. This study aimed to investigate the changes
in the disease spectra in neonates in recent years, the results of
which will allow us to understand and further explore the current
status of neonatal blood transfusion in China.

This study analyzed the data on hospitalized neonates and
blood transfusions between January 1, 2012 and December 31,
2016 in 55 hospitals in China. The transfusion rate was 13.02%.
Neonates with younger gestational ages, lower birth weights, and
more severe conditions have a higher probability of receiving
blood transfusion therapy. Some researchers reported that 20%
to 25% of neonates in the neonatal intensive care unit (NICU)
received one or more platelet transfusions,!**! and a previous
study showed that 532 of 952 (55.9%) very-low-birth-weight
infants received blood transfusion."®! A single-center study by
Zhou et al''”! reported that the transfusion rate in neonates was
25.24% and that in preterm neonates was 38.68%. The present
study shows that the average blood transfusion rate in the 55
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The basic information of the 55 hospitals and analysis of transfusion rates in neonates and the total number of discharged neonates
between 2012 and 2016.

The number of The number of
Participating The number of beds in neonates neonates who received The total number of Transfusion

medical total hospital beds department blood transfusion discharged neonate rates
Regions centers Types’ (n) (n) (n) (n) (%)
Northeast China 1 GH 4440 90 1280 9186 13.93
2 GH 5000 150 2004 12057 16.62
5 3 GH 1202 10 98 1087 9.02
4 GH 4750 230 4834 20663 23.40
5 GH 1500 40 208 3822 5.44
North China 6 GH 3725 22 212 3693 5.74
7 WCH 350 40 396 6166 6.42
8 GH 2900 30 236 3191 7.40
7 9 GH 3000 30 135 4600 2.93
10 WCH 1300 85 6026 30688 19.64
11 GH 1400 56 1719 11159 15.40
12 GH 700 20 10 827 1.21
East China 13 WCH 680 100 1899 18492 10.27
14 WCH 1400 50 1541 17924 8.60
15 WCH 1500 160 2196 16123 13.62
8 16 GH 1800 60 580 4668 12.43
17 GH 4500 60 733 4356 16.83
18 GH 1560 34 108 4724 2.29
19 WCH 700 80 131 2010 6.52
20 GH 1500 36 508 4307 11.79
South China 21 WCH 840 180 4044 15775 25.64
22 GH 1730 58 2313 8448 27.38
23 GH 2750 40 1457 7264 20.06
7 24 WCH 600 80 671 10669 6.29
25 GH 1600 56 1201 12306 9.76
26 GH 1443 45 613 5854 10.47
27 WCH 1000 100 1529 12592 12.14
Central China 28 WCH 2130 170 4494 24194 18.57
29 WCH 1050 100 1407 13165 10.69
5 30 GH 5400 82 1178 8568 13.75
31 WCH 1422 129 1967 15773 12.47
32 GH 1800 50 610 11086 5.50
Northwest China 33 GH 1486 74 1220 4694 25.99
34 WCH 713 80 1097 13040 8.41
35 WCH 1000 150 3348 16906 19.80
36 GH 3331 50 622 8275 7.52
37 GH 2686 30 320 13363 2.39
38 GH 3070 64 614 8846 6.94
14 39 GH 919 20 119 5665 2.10
40 GH 800 52 1416 8413 16.83
4 WCH 1182 145 1756 23241 7.56
42 GH 3082 21 755 2945 25.64
43 GH 1800 45 564 10340 5.45
44 GH 2700 42 639 8384 7.62
45 GH 1140 30 167 6903 2.42
46 GH 600 13 556 4409 12.61
Southwest China 47 GH 1689 70 286 7073 4.04
48 GH 2500 50 1081 3991 27.07
49 WCH 1242 200 3639 19565 18.60
9 50 WCH 333 60 514 9234 5.57
51 GH 3200 70 989 10136 9.76
52 GH 2500 100 2801 12656 22.13
53 GH 1843 57 971 12320 7.88

54 GH 1200 8 205 1478 13.87%

55 GH 1850 20 417 3814 10.93%
Total 55 (WCH17) 106538 3924 70433 541128 13.02

"1, The First Affiliated Hospital of Harbin Medical University; 2. The first hospital of Jilin University; 3. Anshan Center Hospital; 4. Shengjing Hospital of China Medical University; 5. The Affiliated Hospital of Yanbian
University; 6. Chinese PLA General Hospital; 7. Inner Mongolia Maternal and Child Health Hospital; 8. The Affiliated Hospital of Inner Mongolia Medical University; 9. Inner Mongolia People’s Hospital; 10. Children’s
Hospital of ShanXi; 11. Bethune International Peace Hospital; 12. Xingtai Medical College Second Affiliated Hospital; 13. Jiujiang Maternity and Child Health Care Hospital; 14. Children’s Hospital of Nanjing
Medical University; 15. Ningbo Women and Children’s Hospital; 16. The Second Hospital of Shandong University; 17. Qilu Hospital of Shandong University; 18. Shengli Oilfield Central Hospital; 19. Maternal and
Children’s Healthcare Hospital of Tai'an; 20. Weihai Municipal Hospital; 21. The Maternal&Child Health Hospital of Guangxi Zhuang Autonomous Region; 22. The People’s Hospital of Guangxi Zhuang Autonomous
Region; 23. The first Affiliated Hospital of Guangxi Medical University; 24. Guilin Maternity and Child Health Care Hospital; 25. Affiliated Hospital of Guilin Medical University; 26. Guangdong Provincial The Third
People’s Hospital of Huizhou; 27. Shenzhen Children’s Hospital; 28. Children’s Hospital of Zhengzhou University; 29. The Maternal and Child Health of Hunan Hospital; 30. Tongji Hospital of Tongji Medical College,
Huazhong University of Science & Technology; 31. Wuhan Children’s Hospital; 32. Xinyang Central Hospital; 33. Ankang Central Hospital; 34. Maternal and Child Hospital Care Center Baoji; 35. Gansu Provincial
Maternity and Child-care Hospital; 36. The Air Force Medical University Tangdu Hospital; 37. First Hospital Affiliated to Lanzhou University; 38. Shaanxi Provincial People’s Hospital; 39. People’s Hospital of
Tongchuan; 40. Xi'an No.4 Hospital; 41. Xi’an Children’s Hospital; 42. Medical University of the Air Force; 43. The First Affiliated Hospital of Xinjiang Medical University; 44. People’s Hospital of Xinjiang Uygur
Autonomous Region; 45. Yanan People’s Hospital; 46. Yulin Xingyuan Hospital; 47. Deyang People’s Hospital; 48. Guizhou Medical University Affiliated Hospital; 49. KunMing Children’s Hospital; 50. Sichuan
Provincial Hospital for Women and Children; 51. Affiliated Hospital of Southwest Medical University; 52. Daping Hospital, Army Medical University; 53. The First People’s Hospital of ZunYi; 54. The Military General
Hospital of Chengdu PLA; 55. Nanchong Central Hospital.

" GH=general hospital, WCH=women and children’s hospital.
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Analysis of transfusion rates in 7 regions of China.

2012 2013 2014 2015 2016 Total

T/C R T/C R T/C R T/C R T/C R T/C R

(n/n) (%) (n/n) (%) (n/n) (%) (n/n) (%) (n/n) (%) (n/n) (%)
Northeast China  1098/6103 ~ 17.99 1220/6459 18.89 2199/11303 19.46  1759/10445 16.84 2148/12505 17.18  8424/46815 17.99
North China 1486/10867 13.67 1649/12001 13.74  2040/13530 15.08 1295/9818 13.19  2264/14108 16.05 8734/60324 14.48
Eastern China 462/3415 13.53 791/8887 8.9 1747/19581 8.92  1793/17496 10.25 2903/23225 125  7696/72604 10.6
South China 1758/10526 16.7  2202/14306  15.39 2802/15198 18.44  2554/16061 159  2512/16817 14.94 11828/72908  16.22
Central China 1555/13708 11.34 1606/12865  12.48 1952/14672 133 2128/14303 14,88 2415/17238 14.01 9656/72786 13.27
Northwest China  2057/24282 8.47  2225/25786  8.63  2833/27611 10.26  2594/25707 10.09 3484/32038 10.87 13193/135424 9.74
Southwest China  712/6659 10.69 855/8813 9.7 2650/20944 12.65 2879/19833 14.52  3806/24018 15.85 10902/80267  13.58
Total 9128/75560 12.08 10548/89117 11.84 16223/122839 13.21 15003/113663 13.2  19532/139949 13.96 70434/541128 13.02
R=transfusion rates (%), T/C=the number of neonates who received blood transfusion (n)/the total number of discharged neonates (n).
Table 3
Analysis of transfusion rates in different number of beds of Department of Neonatology.

2012 2013 2014 2015 2016 Total
T/C R T/C R T/C R T/C R T/C R T/C R

Groups (n/n) (%) (n/n) (%) (n/n) (%) (n/n) (%) (n/n) (%) (n/n) (%)
1-48 851/11660 7.3 856/14068  6.08  1412/17511 8.06  1192/14944 7.98  1596/20075 7.95 5907/72966 7.55
49-64 1829/16924 10.81  2350/23155 10.15  2923/26819  10.9 2718/23579  11.53  3469/28023  12.38 13290/118500 11.22
65-90 1861/15292 1217  2365/20916 11.31  3545/28183 1258  3095/25727  12.03  4453/33050  13.47 15319/123168 12.44
291 4587/31684 14.48  4977/30978 16.07  8343/50326 16.58  7997/49413  16.18 10014/58801 17.03 35918/221202 16.24
Total 9128/75560 12.08 10548/89117 11.84 16223/122839 1321 15003/113663 13.2  19532/139949 13.96 70434/541128 13.02

“The data were grouped into quartiles based on the number of beds.

R=transfusion rates (%), T/C=the number of neonates who received blood transfusion (n)/the total number of discharged neonates (n).

hospitals nationwide is 13.03 %, which is lower than the neonatal
blood transfusion rates reported by Zhou et al (25.24%) and
other studies (39.23%).[*81 This may be due to the difference in
hospital size. Among the 55 hospitals included in the present
study, 8 hospitals have a transfusion rate of more than 20%. The
average transfusion rate in hospitals with more than 91 neonatal
beds is 16.24%, which is much higher than the transfusion rate
reported in hospitals with less than 48 neonatal beds (7.55%).
These results show that hospitals with more neonatal beds have
higher treatment capacities, more critically ill neonatal patients,
and higher blood transfusion rates. This study also revealed that
neonatal transfusion rates vary in different regions of China. For
example, the highest transfusion rate is in the Northeast region

(17.99%), and the lowest transfusion rate is in the Northwest
region (9.74%). Therefore, regional factors should be considered
when formulating expert consensus on neonatal transfusion.
The results of the present survey show that among neonatal
transfusions, the rate of red blood cell transfusion is 9.44%,
which is significantly higher than the transfusion rates of plasma
and platelets. However, there are few domestic and foreign
reports on blood component transfusion rates in neonates.
Platelet transfusion is often used to treat thrombocytopenia of
different etiologies. It has been reported that thrombocytopenia
occurs in 22% of neonates in the NICU, and the risk of
intracranial hemorrhage is higher in preterm neonates with
thrombocytopenia. However, the platelet transfusion rate

Blood component transfusion rates in neonates in different regions.

The total number

The total number of discharged

The number of patients
received red blood cell

The number of
patients received

The number of
patients received

of hospitals neonates suspension transfusion platelet transfusion plasma transfusion

Regions (n) (n) n (%) (%) n (%)

Northeast China 2 6042 864 (14.3) 5 (1.41) 408 (6.75)
North China 7 37456 4325 (11.55) 213 (0.57) 2167 (6.79)
Eastern China 5 48695 4127 (8.48) 6 6 (1.33) 1588 (3.26)
South China 3 16509 1761 (10.67) 82 (0.5) 935 (5.66)
Central China 3 22525 2342 (10.4) 152 (0.67) 1161 (5.15)
Northwest China 10 63864 5857 (9.17) 262 (0.41) 2442 (3.82)
Southwest China 9 64795 5260 (8.12) 277 (0.43) 3693 (5.70)
Total 39 259886 24536 (9.44) 1717 (0.66) 12394 (4.77)
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Table 5
Spectrum of diseases of hospitalized neonates in the 55 hospitals (Top 10).

2012 2013 2014 2015 2016
ICD Disease name of discharged neonates S S S S S Total
P23 Pneumonia 953.3 918.1 890.8 971.4 926.4 4660.0
PO7 Prematurity 882.6 9234 921.4 857.4 922.9 4507.7
P59 Hyperbilirubinemia 796.1 826.1 898.0 907.6 949.4 4377.2
p22 Respiratory distress syndrome 391.5 420.8 463.2 407.4 411.8 2094.7
p21 Asphyxia 360.0 349.0 362.3 378.7 346.0 1796.0
P55 Hemolytic disease 269.0 258.4 300.4 348.2 400.7 1576.6
P36 Bacterial sepsis 283.9 240.8 3329 3337 310.7 1501.9
P91 Hypoxic-ischemic encephalopathy 167.2 149.9 156.0 137.4 1421 752.7
P24 Aspiration pneumonia 161.8 146.2 135.6 159.1 1314 734.0
P78 Dysphagia 114.6 132.9 184.9 138.3 104.7 675.4
Total 10 4380 4365.6 4645.5 4639.2 4646.1 22676.2

s,=the scores of the disease.

observed in our study was only 0.66 %, and the underlying reason
of such a low percentage warrants further investigation. In this
study, the neonatal plasma transfusion rate was 4.77%. An
epidemiological survey conducted by a British group showed that
the plasma transfusion rate was 3.3% in hospitalized patients
aged 0 to 19 years, which was lower than the transfusion rates of
red blood cells and platelets.””! Neonatal transfusion of plasma
and its products are mainly used to supplement coagulation
factors. As the levels of coagulation factors and plasminogen in
neonates are low, they are at risk for both hemorrhage and
thrombosis. This survey also shows that the types of blood
components transfused in neonates indicate regional differences.
The rates of red blood cell suspension (14.3%), plasma (6.75%),
and platelet transfusions (1.41%) were highest in the Northeast
China. So when we develop the neonatal blood transfusion
treatment guidelines in China in the future, we should consider
the geography of China.

The results of this survey show that the top 10 diseases
identified in hospitalized neonates in China were summarized at
Table 5. Compared with the disease types identified in discharged
patients from the Department of Neonatology in the general
hospitals described in the 2016 report on the statistical analysis of
medical data™! (pneumonia, prematurity, hyperbilirubinemia,
asphyxia, respiratory distress syndrome, low birth weight,
bacterial sepsis [septicemia], diarrhea, and transient tachypnea
of the newborn). The results were basically consistent with the
present study. The present study shows that respiratory diseases

account for the largest number of diseases, with 4 (33.40%) of the
top 10 diseases being respiratory diseases (pneumonia, respira-
tory distress syndrome, asphyxia, and aspiration pneumonia).
This study also showed that preterm neonates account for
12.09% of all hospitalized neonates, which is slightly higher than
the 11.10% incidence rate of preterm neonates reported in the
“Global Action Report on Preterm Birth” in 2012,12° and is
significantly higher than the 7.8% preterm birth rate reported in
the large-scale epidemiological survey on preterm neonates
conducted in China in 2005.1*"!

Between 2012 and 2016, the top 10 diseases identified in
hospitalized neonates treated with blood transfusion in 55
hospitals in China were summarized at Table 6. The under-
standing of the disease spectrum in neonates who received blood
transfusions can assist the formulation of expert consensus on
neonatal transfusions, but there are few domestic and foreign
reports on the spectrum of diseases in neonates treated with
blood transfusion. Our study has also shown that the top 10
diseases in hospitalized neonates only partially overlap with the
top 10 diseases in those treated with blood transfusion. In other
words, not all of the top 10 diseases identified in hospitalized
neonates require transfusion therapy during hospitalization.
Limitation of the study: This is a pilot study for a national
multicenter cohort study on neonatal blood transfusion. The data
collected do not include detailed data on the neonatal blood
transfusion cases and transfusion data from neonates in the
NICU of each hospital.

Spectrum of diseases in neonates treated by blood transfusion (Top 10).

20102 2013 2014 2015 2016

ICD Disease name S S S S S Total

po7 Prematurity 1030.4 958.8 1242.0 950.3 1401.2 5582.6
P23 Pneumonia 685.3 554.6 662.0 589.2 740.3 3231.4
P59 Hyperbilirubinemia 582.4 467.4 674.5 481.1 770.7 2976.0
P36 Bacterial sepsis 411.0 293.8 374.7 367.1 455.5 19021
p22 Respiratory distress syndrome 311.5 291.7 391.0 286.4 466.7 1747.3
P61 Anemia 3449 358.1 3235 258.2 453.6 1738.2
P55 Hemolytic disease 265.5 275.4 3125 267.1 314.6 1435.1
p21 Asphyxia 298.2 216.8 283.4 216.5 320.3 1335.3
P54 Hemorrhage 1024 77.6 102.9 73.9 134.9 491.7
pr7 Necrotizing enterocolitis 81.4 751 78.2 91.6 92.5 418.7

s,=the scores of the disease; (1, 2, ..., 10)=sequence number.
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5. Conclusion

The study can provide supporting data for the next phase of study
conducted on Chinese neonatal cohort and provide technical data
and theoretical evidence for the development of neonatal blood
transfusion strategies in clinical settings.
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