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Abstract

Background and objectives: The timing of blood administration irritically ill patients is first driven
by patients’ need§his studyaims to define the epidemiology and significance of overnight transfus

in critically ill patients

Materials and methods: This is apost hoc analysis of a prospectivaulticentreobservational study
including=874critically ill patients receiving red blood cells, plateldtesh frozen plasma (FFRy
cryoprecipitate Characteristics of patients receiving blood only during the day (8&momtil 8 pm)
were:compared to those receiving blood only overnight (8upnuntil 8 am). Characteristics of

transfusion wereompared and factors independently associated with majoiifdesdre analyzed.

Results: The 287 patients transfused during the day ohfd similarseverity and mortality to th258
receivingblood products overnight only. Although bleedirgatedadmission diagnoses were similar,
major.bleeding was the indication for transfusion in 12% of patients tradsfuskytime onlyersus
30% of patients transfused at night only (p < 0.0@&ilar total amount of blood products were
transfused at day amdght (2856 versus 2927/Mowever patients were more likely to receieFP and
cryoprecipitateat night compared with daytime. Overnight transfusion was independently asdociat
with increased odds of major bleedifaglds ratio, 3.16, 95% confidence inal, 2.065.01)

Conclusion: Transfusion occurs evenly across day and night in ICU; nonetheless, there aeaakffe
inntyperof:blood products administered that reflect differences in indic&iatically ill patients were

more likelysto receivdlood for major bleeding at night irrespective of admission diagnosis

K ey words:Transfusion, red blood cells, critically ill pattemajor bleeding, outcome, timing of care

Introduction

Transfusion is a common therapy in intensive care units (ICUYenpeto 30% of patients receive red
bloodscelly(RBC) transfusiofiL, 2]. Blood products, including RBC, platelets (PLT) and fresh frozen
plasma (FEP) can be lifesaving; however their administration has asabsociated with an increase
in morbidity and mortality in critically ill paéints [3-5]. A better understanding of transfusion
epidemiology in critically ill patients may identify stegies to reduce exposure to blood products and

potentiallylimprove patient management and outcome.

In most hospital settings, ‘after hours’ transfusion is strongly discoufégé&fidue to reduced dfing
for blood administration and monitoring, and fewer resources to respond inehead an adverse
reaction. In ICU, unlike other clinical settings, the timing of administnadf blood products is based

more on patient requirements, as a constantéeio-patient ratio over 24 hours facilitates safe blood
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administration. Therefore, transfusion of blood products woukekpected to occunoreevenly across
the day in ICU. However, the ting and clinicalindicationsfor transfusion is not routinelgnalyzed in
haemovigilance reportg8, 9], and no data on time of blood administration are available in ttiegsef
critically ill patients. This question is of portanceas some authors have found that ICU admission at
night is associated with a poorer prognosis, suggestatgctitical care deliveredfter houramay be in
somewaydifferent to care given during normal working ho{8, 11] Whether differences in care in

critically ill'patients extend to transfusigmactice has not been investigated previously.

To investigate whether there are differences in blood product administratéorhatirs in ICU, we
studied the time of blood product administration across 47 Australian and Neandd&lUs to
compare patierand transfusion characteristics according to the time of day during whiehtpatiere
transfused./ We hypothesized that there would be differences in adrimisté blood products for
planned transfusions (e.g. prior to a scheduled procedure), batvtoeld be no difference for other

indications, 'such as major bleeding.
Materialsand methods
Study design and study population

Thissstudysis gost hoc analysis of a prospective observational study which described Bastra
transfusion practicfl2]. In brief, the primary observational study was conducted inustralian and
New Zealand ICUs over 5 weeks. All patients hosigital in ICU and receiving at least one bag/unit of
RBC#PIT#FFP or cryoprecipitate, were included. Patientodgaphic chareteristics, primary
diagnosispeomorbidities, hospital admission and discharge datssatunslat hospital discharge were
recorded. Laboratory data collected included hemoglobin before RB€&fusion, international
normalized ratio (INR) before FFP, pd#t count before PLT and fibrinogen level prior to
cryoprecipitate administration. Date and time ahsfusion were documentethere was no system for

transfusion review in the study centers.
Transfusion indications and classifications

Blood componentransfusion indications were categorizetb major bleeding (defined by ongoing
bleeding associated with a decrease in hemoglobin of aBigfakt in the preceding 12 hours or the
requirement for at least 3 RBC units in 12 hoursjanbleedingand unknownTo improve oxygen
deliverywas alsaan indication for RBC, whil®LT, FFP and cryoprecipitate administration were also
categorized intprophylaxis against spontaneous bleeding, invasive procadddisseminated
intravaseular coagulation (B). Admission diagnoses that were considered liteelye associated with
bleeding events were trauma, gastrointestinal bleeding (Gl), egpaladominal aortic aneurysm and
intra-peritoneal bleeding based on the APACHE (Acute Physiology Age ChaailthEvaluation) Il
codes.

Patients were classified according to the time/s of day iohathey received a transfusion: day

transfusion was defined as those who received blood productbeimlgen 8 am and 8 pm; night
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transfusion was defined as those waceived blood products only between 8 pm and 8 am; and both

day and night was defined as those who received at leagboséusion over both time periods.
The study was approved by the human research ethics committeeh @leegticipating institution.
Statistical Analysis

All statistical analyses were performed using Stataimerd2 (StataCorp, College Station, Texas,
USA). Categorical variables were described as frequency (%) and comysangdPearson’s Chi
Sguare._and continuous variables were described as median [interquartilel@Rpand compared
using. a KruskaWallis test when nomormally distributed and Student’stast when normally
distributed. Univariate analysis was performed to compare: Ihodephic and transfusion
characteristics opatients transfused in daytime only versus night only, and 2) characse$t
transfusion, occurring at daytime only and at night only. Multiple logistic regresgs performed to
identify factors independently associated with transfusion for magedbig.Multivariate models were
constructed, using both stepwise selection and backwards elimination techmédoies undergoing a
final assessment for clinical and biological plaugipiliParameters included in this model were those
associated with tresfusion for major bleeding in univariate analysis with a p value less than 0.20. A

two-sided,p-value less than 0.05 was regarded as statistisigihificant.
Results
Characteristics of patientstransfused in daytime only and at night only

During thestudy period, 874 patients received 5783 blood proddictsese 874 patients, 258 (29.6%)
were.transfused at night only, 287 (32.8%) at daytime only and 329 (3Wéeé)transfused across
both time periods. There was no difference in patientsty as defined by the APACHE Il score
between the night onland day only groupgmedian 60[IQR 47-77] vs. 65 [QR 4582, p=0.4),
however patients who received transfusion across both day and night fwegher illness severity
(median 74, IQR56-94, Table ) and received more transfusiof@ble 2) Patients transfused at night
only were more often male (168 [65%] vs. 159 [55%], p = 0.02) amd yainger (65 [535] years vs.
68 [6578] years, p = 0.04) than patients transfused in daytime. @dynorbidities were similar
betweenday only and night onlypatient groups except for coronary artery disease, which was more
frequentin the night only group (77%s. 70%, p = 0.065) (Table 1)There was nacsignificant
difference inpatients admitted faa bleedingrelated diagnosis, although the numbers were sifialtilé
1). Thereawas no significant difference in mortality betwgesups(65 [20%)] in day/night patients vs
48 [17%]Jin day only and 33 [13%)] in night only groups, p=0.08)

Transfusion,occurring in patientstransfused in daytime only and at night only

When considering the indications for transfusion, 78 patients (30%) hadsatolee transfusion for
major bleeding in the group of patients transfused at night only v@8spatients (12%in the group of

patients transfused in daytime only (p <0.001). Patients transfused in daytyneeogived blood
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products more often for improvement of, @elivery (51%vs. 32%, p<0.001) and for invasive
procedures (13%s. 7%, p = 0.016) (Table 1).

In 119 (46%) patients who were transfused at night only, RBC transfusiogiwveasin conjunction
with nonRBC blood products compared with 82 (29%) of patients during the day (p *OR@QiEnts
transfused /at night only were more likely to receive one or more FFP (100 [39%0D \j21%],
p<0.00%&);0ne or more PLT (55 [21%] vs. 31 [11%)], p=0.001) and om®@ cryoprecipitate (19 [7%]
vs. 9 [3%], p=0.026) than patients transfused during the day ortie(Za

Day versusnight transfusion for the whole study population

When_considering all blood products transfused to the 874 patients, 2856 units wigistedd in
daytime and 2927 at night (Table 3). Major bleeding was the most common indicattcem&fusion
regardless, of the time of the transfusion. However, significantly mowpel lgooducts were given for
major_bleeding at night than during the day (43% versus 30%, p<0.001) while improvement of O
delivery. (21% versus 14%, p<0.0001) and invasive procedures (8% versus 5%00ds0were
significantly. more common in daytime. When considering blood products selyaf@BC were more
often transfused at day time (52% versus 48%, p=0.001), whileveEPnore often transfused at night.
Majar bleeding was the indication for RBC administration38#% of cases at night versus 23% in
daytime (p<0.001). Major bleeding was also more often the indication fér (B&% versus 23%,
p<0/0001) and for FFP (46% versus 36%, p<0.0001) bufonatryoprecipitate (56% versus 57%, p =
0.834) (Table 3).

There weeydifferences in the triggers for blood product administration at night cechpeith day
transfusion (N = 5783)including significantly higher platelet count gP&T transfusion at night
(median62 x10°/L [IQR 33-110] versusnedian49 x10°/L [IQR 23-79], p =0.002) and lower preRBC
hemaglobin at night (median &/L [IQR 70-83] versus 78)/L [IQR 72-84], p=0.010). There wao
difference in fibrinogen preryoprecipitate or INR prEFP administrationin day versus night
transfusion(Table 3).When considering only patients with major bleeding, Hb level prior to RBC,
plateletsscount prior to PLT and fibrinogen level prior to cryoprecipitates wet different between
patients transfuseal night only versus day only; however, INR prior FFP administration was lower in
patientsswith major bleeding transfused only at night veasay (median 1.6 [IQR 1:4.9] versus
median-1:7[IQR 1], p < 0.001).

Risk factorsfor major bleeding

Althoughrthe proportion of patients admitted with a bleedislgted diagnosisvas similar in both
groups (6% vs. 9%, p = 0.135), transfusieas more frequently given for major bleediimgthe group
of patients transfused only at night compared to those transfused only during,tsegigesting that
ICU care overnight may be a risk factor for requiring thasisn for major bleeding in critically ill
patients. To determine whether care overnight was independently ass$wdidt transfusion for major
bleeding, &er adjusting for admission diagnosis and patientattaristics, multivariate analysis was
performed. This found that transfusion at night only (odds ratio [OR], 3.16,c@bfdence interval
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[CI], 2.00-:5.01, p<0.001) and transfusion during both day migtht (OR, 6.24, 95% CI, 4.63.66,
p<0.001) were independently associated with major bleedirzgima(excluding head injuryjvas the
second greatest risk factg®R, 3.99, 95% confidence interval [Cl], 2:200, p<0.001)¥or major
bleeding after day and night transfusion. Other factors independestgigted with transfusion for
major bleeding weretherbleedingrelated admission diagness unstable current angina and treatment

with’ aspirin (Table 4).
Discussion

The "oveall number of blood products transfused was approximately equal across mighbay in
criticallysillspatients Nonethelesspatients who were transfused only at night received more blood
products overall per patient and were more likely to receive FEPceyoprecipitate compared with
patients,transfused during the day only. The different pattern of blood preskietas likely due to
differences in indications for transfusion between day and night, witr tii@eding more likely to be

an indication fortransfusion overnight compared with during the,dayd improvement of ©delivery
more likely.to be an indication for blood products during the ttadeed, transfusion at night remained
independently associated with transfusion for major bleedingaafjesting for confounders. Given that
bleedingrelated admissions were evenly distributed over the itwe periods, our results suggest that

there may.be differences in the management of major bleedinghaitnigpared to day hours.

To our knowledge this is the first study describing the timing offtesion in ICU patients. The higher
rate of transfusion for major bleeding, while pre transfusion Hb triggers wengacainle between day
andwnight timeand higher use of neRBC support at night in ourwsly suggests a difference in the
management of major bleedinghese dferences may include access to hemostatic interventions or
variations-in triggers for transfusion. Schwartz et al mgeaeported that patients admitted for pelvic
trauma after hourkad a significant increase in time to embolization compared to those admiftegl dur
day time[13] and afterhours admissions were independently associated with mortality. In a cdhort
22,7204patients with Gl bleeding undergoing a colonoscopy, there was an indeemddicial effect

of an early colonoscopy (<24hours) on blood transfusion requirdintThese findings higight: 1)

the importance of timely access to hemostatic procedures to prevent expdsigte tolume of blood
products 2) the positive impact of hemostatic procedures on patient outcam@) dhe potential
association between bleeding overnight andyéelaaccess to hemostatic procedures. In keeping with
these findings, our study found that patients were more likely to beusadsovernight for major
bleeding after adjusting for admission diagnosis, mgishe possibility that access to embolization,

colonoscopy or surgery for bleeding may be delayed-oiggat.

There were also differences in triggers for blood product administratiore&etday and night, and
although these differences were not clinically meamindgor all triggers, the findings raé the
possibility that at night there may be different hemosta$iectives as shown by the differences in
blood product trigger§l5]. These differences may also suggest differences in transfusion ystirateg

actively bleeding patient®Recently, Matsushima et al. reported similar transfusaio rin rauma
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patients requiring massive transfusion at night between advanced pradtifoderesident physicians
[16].

The differencesin blood components administered between day and night time may ,reftect
mentioned abovdlifferences in access to hemostatic interventions or in transfusiatesgly between
day and night time. They may also reflect difference in bleeskrgrity that led to a greater transfusion

of plasma,and platele&t night timeand that could not be evaluated ur gtudy.

Thisnisithe first:study to analyze transfusion characikesistccording to the circadian time in critically
illrpatients. If overnight bleeding events in ICU are asted withan increased in blood product
exposuresecondary to delayed aced® hemostasis procedurésgenchanges in bleeding management

and timely‘access to definitive care would be a priority.
Strengthsand limitations

This study addresses an original question about the signiéicdrtbe timing of transfusion in critically

ill patients using prospectively collected data from 47 hospitals acrossakarstand New Zealand,
thusensuring the reliability of the data and the generalizability of the finditaygever, our study has
limitations, including that the original studwas not designed to answer this study question.
Subsequently, there are small numbers of patients with transfusion forlbiegding, which precluded

a meaningful comparison of transfusion practice for specific indicationsfiioniation was available
on the, management of major bleeding in terms of haemostatic procedures, andehgect@n only
hypothesize about possible explanations for our findings, including whetherviieee differences in
access tophaemostatic procedures between day and night.ddfmition of night transfusion
(transfusion occurring between 8 pm and 8 am) differs from other definitiogdimg afterhours
being between 5.30 pm and 7.30am and weeklr®)sHowever, in Australia the day and night ICU
shifts typically change at 8 pm and 8 am and the ratio of ICU registrars does ngé ararthe
weekendsThis study only accounted for the time each individual unit was administered andt did no
takelinto accoot the time when blood product was prescribEdhally, while audits report that
overnightitransfusion is associated with a low rate of-prassfusion observation, information related
to adverse events secondary to transfusion was not available, prevemntiagadysis of transfusion
safety'between day and night tifi7@.

Further research is required to test the hypothesis that managemerdjdorbieeding is different
during the day compared with nigtime and to investigate the clinical context (cause of lnged
access to blood product support and hemostatic interventions) and humas dastmiated with these
differences. Prospective observational studies comparing the detasxeebe bleeding oms and
hemostatic_procedures when required during weekdays andhattes are warranted to define the need
for transfusion at night and impact of night management (in ICUs and bloodesgreic patient

outcome.

In conclusion, in criticallyill patients the volume of blood products transfused in daytime is

similar to those transfused at night. Nonetheless, variations in types of jloducts, transfusion
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indications and triggers may reflect variations in bleeding memagt between these circadianipes.
Our results show that patients transfused for major bleeding were morng tikdde transfused
overnight, independent of the admission diagnosis, raising the possibiligelafed access to

hemostatic procedure at night. Prospective studies dedigreldiress this issue are warranted.
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Génder. 'male

Age/years

APACHEll:scoré

Admission diagnosis

Trauma

Bleedihgrelated admissiofnot traumay

Conditiensiand therapy prior to transfusion

Aspirin
Clopidogrel

Oral'vitamin K antagonist
Past history_of coronary artery disease
Liver insufficiency

Cardiogenic shock

Cardiac arrest

Current ‘active ischemic heart disease
Malignantsarrhythmia

Bone marrow failure

Plateletfunction abnormalities

Indication for transfusion (at least 1 transfusion®)

Major bleeding
Minor bleeding

Improvement of @ delivery

Invasivesprocedure

DIC
Prophylaxis

Patient outcomes
ICU length of stay

Hospital:mortality

Data.are'reported as number (%) or median JIQR

Patients
transfused
in daytime

only
N=287
159 (55%)
68 [5578]
65 [4582]

9 (3%)
14 (5%)

110 (38%)
28 (10%)
28 (10%)
201 (70%)
20 (7%)

5 (2%)

13 (5%)
84 (30%)
15 (5%)

4 (1%)

10 (3%)

33 (12%)
56 (20%)
147 (51%)
38 (13%)
2 (1%)

25 (9%)

3.3[1.86.9]
48 (17%)

Patients
transfused at
night only
N=258

168 (65%)
65 [5375]
60 [47-77]

7 (3%)
20 (8%)

99 (38%)
30 (12%)
38 (15%)
198 (77%)
18 (7%)
5 (29%)

7 (3%)
87 (34%)
11 (4%)
5 (2%)
13 (5%)

78 (30%)
51 (20%)
82 (32%)
18 (7%)
7 (3%)
33 (13%)

2.7[1.34.8]
33 (13%)

Patients
transfused
both day and
night
N=329
217 (66%)
63 [5274]
74 [56:94]

15 (5%)
30 (9%)

113 (34%)
33 (10%)
33 (10%)
215 (65%)
31 (9%)
21 (6%)
19 (6%)
86 (26%)
12 (4%)
17 (5%)
25 (8%)

143 (44%)
138 (42%)
174 (53%)
68 (21%)
4 (1%)
100 (30%)

6.1[2.912.2]
65 (20%)

APACHEllly Acute Physiology Age Chronic Health Evaluation 11l scd€dJ, Intensive Care Unijt

DIC, disseminated intravascular coagulopathy

#Data were missing in 195 patiert85 in “day only” group and 100 in “night only” group
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p value

0.01
0.01
<0.01

0.20

0.49
0.74
0.12
0.09
0.43
0.02
0.13
0.26
0.63
0.01
0.08

<0.001
<0.01
<0.01
<0.01
0.13
<0.01

<0.001
0.08



® Included:, gastrointestinal bleeding, inpraritoneal bleeding and rupture of abdominal aortic

aneurysm

¢ Percentage of patients who received at least one lglowgonent for the indication considered

TABLE 2 Blood transfusion characteristics in patients§rd) according to time of administration: day

and night times only

Patients Patients Patients Pvalue
transfused at day| transfused at night transfused both
time only N=287 | time only N=258 day and night
N=329
Median number of total transfused products per 2 [1-3] 2 [2-4] 7 [4-13] <0.01
patient
RBC transfusion
Proportion of transfused productsthat were RBC 482/748 (64%) 465/939 (50%) 1951/4096 (47%)  <0.01
Patients receiving at least one RBC unit 234 (82%) 209 (81%) 320 (97%) <0.01
RBC unit per patient 2[1-2] 2[1-2] 4[3-7] <0.01
RBC only 205 (71%) 139 (54%) 106 (32%) <0.01
FFP transfusion
Proportion of transfused preducts that were FFP 176/748 (23%) 293/939 (31%) 1080/4096 (26%)  <0.01
Patientsreceiving at least one FFP unit 60 (21%) 100 (39%) 181 (55%) <0.01
FFP per patient 2 [2-4] 2 [2-4] 4 [2-8] <0.01
FFP only 31 (11%) 26 (10%) 3 (1%) <0.01
PLT transfusion
Proportion of transfused productsthat were PLT 45/748 (6%) 76/939 (8%) 516/4096 (13%) | 0.10
Patientsreceiving at least enePleT bag 31 (11%) 55 (21%) 145 (44%) <0.01
PLT bag number per patient 1[1-2] 1[1-2] 2 [1-3] <0.01
PLT only 14 (5%) 10 (4%) 3 (1%) 0.01
Cryoprecipitate transfusion
Proportion of transfused productsthat were Cryo 45/748 (6%) 105/939 (11%) 549/4096 (13%) | <0.01
Patientsreceiving at least one unit 9 (3%) 19 (7%) 50 (15%) <0.01
Cryoprecipitate bags per'patient 2 [2-9] 5[3-8] 8.5 [5-14] 0.02
Cryoprecipitate only 1 (<1%) 0 (0%) 0 (0%) 1.00

Data are reported as number (%) or median [IQR

RBC, red blood cellsPLT, platelets FFP, fresh frozen plasmaCryo, cryoprecipitate
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TABLE 3 Characteristics of transfusion occurring at daytamd at night where all units of blood

products (n=5783) are considered

Blood products Blood products P
transfused at day transfused at value
time N=2856 night time
N=2927

Transfusion indication for all blood products, N (%
Major bleeding
Minar bleeding 853 (30%) 1265 (43%) <0.01
Improvement of @ delivery 390 (14 %) 407 (14 %) 0.78
Invasive procedure 606 (21%) 401 (14%) <0.01
DIC 222 (8%) 145 (5%) <0.01
Prophylaxis 41 (1%) 79 (3%) <0.01
Unknown indication 376 (13%) 352 (12%) 0.19

368 (13%) 278 (10%) <0.01
Biolagical values before transfusion
Hemeglebin preRBC, g/L 78 [71-84] 76 [69-83] <0.01
INR preFER 1.7[1.52.0 1.7 [1.421] 0.48
Platelet count prLT, x107/L 44 [18-78] 59[31-10§ <0.01
Fibrinogen preCryoprecipitate, g/L 1.6[1.3-1.9 14[1.1-1.7] 0.03
Mainjindications per blood product
RBC units)N (%)* 1494/2898 (52%) 1404/2898 (48%) <0.01
Major bleeding 337 (23%) 553 (39%) <0.01
Minor'bleeding 257 (17%) 237 (17%) 0.82
Improve G delivery 597 (40%) 401 (29%) <0.01
Unknown 207 (14%) 109 (8%) <0.01
PLT munits;N«(%)? 320/637 (50%) 317/637 (50%) 0.65
Major bleeding 72 (23%) 113 (36%) <0.01
Minor bleeding 36 (11%) 47 (15%) 0.18
Prophylaxis 133 (42%) 82 (26%) <0.01
Invasive pracedure 48 (15%) 28 (9%) 0.02
DIC 8 (3%) 21 (7%) 0.01
FFP bagsN (%)? 731/1549 (47%) 818/1549 (53%) 0.04
Major bleeding 266 (36%) 380 (46%) <0.01
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Minor bleeding
Prophylaxis

Invasive procedure

Cryoprecipitate units, N (%)

Major‘bleeding
Minof bleeding
Prophylaxis
DIC

170 (23%)
114 (16%)

311/699 (44%)
178 (57%)

39 (13%)

87 (11%)
184 (23%)

388/699 (56%)
219 (56%)

44 (11%)

0.43
0.72
<0.01

0.01
0.83
0.90
0.63
0.11

Data are.reported as number (%) or median [IQR

RBGC, red blood cellsPLT, platelets FFP, fresh frozen plasm#®IC, disseminated intravascular

coagulopathyINR, international normalized ratio

& Percentage of blood products given at night and at day resggcti

TABlE4Variablesindependently associated with transfusion for major bleeding

Adjusted OR 95% confidence p value
interval

Time'of transfusion
Day onlys(reference) 1.0
Night only 3.16 2.00-5.01 <0.001
Day and night 6.24 4.03-9.66 <0.001
Age 0.99 0.97-0.99 0.02
Admission category
No bleeding (reference) 1.0
Bleedingmnortrauma 3.42 1.08-10.8 0.04
Trauma(excluding head) 3.99 2.97-7.00 <0.001
Treatment with aspirin 1.57 1.08-2.27 0.02
Current angina 1.94 1.19-3.15 0.008
Bone marrow failure 0.22 0.06-0.78 0.02
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