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Abstract
Background: Platelet	 transfusions	 are	 commonly	 used	 to	 treat	 critically	 ill	 patients	
with	thrombocytopenia.	Whether	platelet	transfusions	are	associated	with	a	reduction	
in	the	risk	of	major	bleeding	is	unknown.
Patients/Methods: Observational	cohort	study	nested	in	a	previous	multicenter,	ran-
domized	thromboprophylaxis	trial	in	the	intensive	care	unit	(ICU).	The	objective	was	to	
evaluate	the	association	between	platelet	transfusions	and	adjudicated	major	bleeding	
events.	 Platelet	 transfusion	 episodes	 were	 reviewed	 for	 timing	 of	 administration,	
product	 type,	and	dose.	Major	bleeding	with	and	without	platelet	 transfusions	was	
adjusted	 for	 severity	of	 thrombocytopenia,	 use	of	 anti-	platelet	 agents,	 surgery	and	
other	 covariates.	 Secondary	 outcomes	were	 thrombosis,	 death	 in	 ICU	 and	 platelet	
count increment.
Results: Among	2,256	patients,	71	(3.1%)	received	190	platelet	transfusions.	Of	those,	
121	 (63.7%)	 were	 administered	 to	 54	 non-	bleeding,	 thrombocytopenic	 patients.	
Adjusted	rates	of	major	bleeding	were	not	statistically	different	with	or	without	the	
administration	of	platelet	transfusions	(hazard	ratio	for	transfused	patients	0.85;	95%	
confidence	 interval,	 0.42-	1.72).	We	 did	 not	 find	 a	 significant	 association	 between	
platelet	 transfusion	 use	 and	 thrombosis	 or	 death	 in	 ICU	 in	 adjusted	 analyses.	
Thrombocytopenia,	anemia,	major	or	minor	bleeding	and	use	of	anticoagulants	were	
associated	 with	 platelet	 transfusion	 administration.	 The	 median	 post-	transfusion	
platelet	count	increment	was	20×109/L	at	3.5	hours	post-	transfusion.
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1  | INTRODUCTION

Thrombocytopenia	 is	 common	 among	 critically	 ill	 patients1–3 and 
platelet	 transfusions	 are	 often	 used	 to	 increase	 the	 platelet	 count	
in	patients	admitted	 to	 the	 intensive	care	unit	 (ICU).	However,	 the	
effect	of	platelet	transfusions	on	clinical	outcomes,	especially	bleed-
ing	prevention,	has	not	been	well	described	in	this	population.4 One 
reason	is	that	bleeding	occurrences	in	the	ICU	are	dynamic	and	the	
measurement	 of	major	 bleeding	 requires	 frequent,	 prospective	 as-
sessments	 using	 population-	specific	 measurement	 tools.	 In	 other	
patient	groups	such	as	hematology/oncology	patients,	the	benefit	of	
prophylactic	platelet	transfusions	has	been	demonstrated	in	random-
ized trials.5,6	No	such	data	are	available	for	critically	ill	patients,	who	
often	receive	this	treatment	in	the	context	of	an	increased	bleeding	
risk	due	 to	surgery	of	 frequent	 invasive	procedures.7	A	 recent	sys-
tematic	 review	highlighted	 the	 lack	 of	 ICU-	specific	 data	 and	 iden-
tified	 the	 urgent	 need	 for	 platelet	 transfusion	 studies	with	 clinical	
endpoints	in	this	population.8

Platelet	 transfusions	 are	 also	 associated	 with	 harms,	 including	
well-	accepted	risks	of	transfusion-	transmitted	infection,	allergic	reac-
tions,	and	inflammatory	responses.	In	addition,	they	have	been	linked	
to	 the	 occurrence	 of	venous	 thrombosis,9 arterial thrombosis10 and 
infection11	in	critically	ill	patients.	Some	studies	have	reported	an	as-
sociation	 between	 platelet	 transfusions	 and	 mortality,	 but	whether	
transfusion	truly	increases	the	risk	of	death	or	is	a	marker	of	the	se-
verity	of	the	underlying	illness	is	unclear.10,12	A	better	understanding	
of	the	clinical	benefits	and	potential	harms	of	platelet	transfusions	is	
essential	 to	 justify	whether	and	how	this	common	treatment	should	
be used.13

The	primary	objective	of	this	study	was	to	evaluate	the	association	
between	 platelet	 transfusions	 and	major	 bleeding	 in	 critically	 ill	 pa-
tients.	We	used	data	from	a	large	international	thromboprophylaxis	trial	
(PROTECT,	 clinicaltrials.gov	 NCT00182143)	 in	 which	 bleeding	 data	
were	collected	daily	prospectively	using	an	 ICU-	specific	bleeding	as-
sessment	tool.	Patients	were	recruited	from	2006	to	2010.	Secondary	
objectives	 were	 to	 assess	 potential	 harms	 of	 transfusion,	 including	

thrombosis	and	death;	factors	associated	with	platelet	transfusion	ad-
ministration;	and	platelet	count	increments	following	transfusion.

2  | METHODS

2.1 | Patients

We	 conducted	 an	 observational	 cohort	 study	 nested	 in	 a	 previous	
multinational,	concealed,	stratified,	randomized,	and	blinded	thrombo-
prophylaxis	trial	called	PROTECT,	which	enrolled	3,764	medical-	surgical	
critically	ill	patients	in	67	ICUs;	results	were	published	elsewhere.14 For 
this	sub-	study,	we	included	all	PROTECT	patients	from	Canadian	cent-
ers	only	to	ensure	consistency	of	platelet	transfusion	products	and	to	
maximize	feasibility.	Patients	enrolled	in	the	main	trial	were	≥18	years	
old,	weighed	≥45	kg,	and	had	an	expected	ICU	stay	≥72	hours.	Reasons	
for	exclusion	were	major	hemorrhage	in	the	previous	week;	admission	
following	 neurosurgery,	 trauma	 or	 orthopedic	 surgery;	 uncontrolled	
hypertension;	 ischemic	 stroke	 or	 intracranial	 hemorrhage	 in	 the	 last	
3	months;	 pregnancy;	 history	 of	 heparin-	induced	 thrombocytopenia;	
contraindications	 to	 blood	 products;	 and	 palliative	 care	 or	 limitation	
of	life	support.	Patients	who	had	platelet	counts	≤50×109/L	or	severe	
coagulopathy	(international	normalized	ratio	[INR]	or	partial	thrombo-
plastin	time	[PTT]	time	≥2	times	the	upper	limit	of	normal)	at	the	time	
of	screening	were	also	excluded.

We	prospectively	collected	demographic	and	baseline	clinical	 in-
formation	including	age,	acute	physiology	and	chronic	health	evalua-
tion	(APACHE)	II	score,	admission	diagnosis,	and	comorbid	conditions.	
Daily	 data	 collected	 included	 complete	 blood	 cell	 counts,	 adminis-
tration	 of	 blood	 products,	 life	 supports	 (eg,	 mechanical	 ventilation,	
inotropes	or	vasopressors,	renal	replacement	therapy),	surgical	proce-
dures	(including	any	surgeries	in	the	operating	room	and	procedures	
occurring	 in	 the	 ICU	 [eg,	 tracheostomy],	 excluding	 central	 venous	
catheter	or	chest	tube	insertions);	incident	deep	vein	thrombosis	and	
pulmonary	 embolism,	 anticoagulants	 and	 antiplatelet	 agents,	 and	
bleeding.	Platelet	transfusions	were	designated	as	prophylactic	if	they	
were	given	to	prevent	bleeding	or	 therapeutic	 if	 they	were	given	to	

Conclusions: Rates	of	major	bleeding	were	not	different	for	patients	who	did	and	did	
not	receive	platelet	transfusions.	Inferences	were	limited	by	the	small	number	of	trans-
fused	patients.	Clinical	trials	are	needed	to	better	investigate	the	potential	hemostatic	
benefit	and	potential	harms	of	platelet	transfusions	for	this	high-	risk	population.	
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Essentials
• Platelet	transfusions	are	commonly	used	to	treat	critically	ill	patients	with	thrombocytopenia.
• Observational	cohort	study	nested	in	a	previous	randomized	trial	in	the	intensive	care	unit.
• Major	bleeding	was	not	different	in	thrombocytopenic	patients	who	did	or	did	not	get	platelets.
• Thrombocytopenia,	anemia,	and	anticoagulants	were	associated	with	platelet	transfusion	use.
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treat	bleeding.	Bleeding	was	assessed	daily	by	a	dedicated	 research	
coordinator	using	a	validated	bleeding	assessment	tool	developed	for	
the	ICU.15	Major	bleeding	was	defined	as	hemorrhage	at	a	critical	site	
(eg,	intracranial	hemorrhage),	that	led	to	any	of	an	invasive	therapeu-
tic	intervention	(eg,	surgical	intervention),	hemodynamic	compromise,	
transfusion	of	at	least	2	units	of	red	cells,	or	death.	Minor	bleeding	was	
overt	bleeding	that	did	not	meet	criteria	for	major	bleeding.	Two	in-
dependent,	blinded	investigators	adjudicated	all	bleeding	events	with	
high	reliability.16

A	supplementary	chart	review	of	all	patients	who	received	one	or	
more	platelet	 transfusions	was	done	by	a	 transfusion	medicine	spe-
cialist	 (DMA).	 Blood	 bank	 records	were	verified	 and	 dose	 and	 type	
of	platelet	products	 (eg,	 apheresis,	pooled	whole	blood	platelets,	or	
pooled	buffy	coat	platelets)	were	adjudicated.	A	single	platelet	trans-
fusion	was	defined	as	one	adult	dose	of	a	platelet	concentrate,	which	
consisted	of	either	4-	6	pooled	random	donor	platelets	or	one	unit	of	a	
single-	donor	platelet	concentrate	collected	by	apheresis.	We	recorded	
the	available	platelet	count	 levels	closest	 to	and	before	 the	start	of	
each	transfusion,	and	closest	to	and	after	the	end	of	each	transfusion.	
The	ABO	blood	group	of	the	recipient	and	donor	were	also	recorded.	
Participating	centers	submitted	platelet	transfusion	records	as	source	
documents.	This	study	was	approved	by	the	research	ethics	boards	at	
each	participating	center.

2.2 | Statistical analysis

We	compared	demographic	variables	among	patients	who	did	and	
did	 not	 receive	 platelet	 transfusion(s)	 using	 the	Mann-	Whitney	U 
test	for	continuous	variables	or	Chi-	square	or	Fisher’s	Exact	test	for	
categorical	variables.	We	analyzed	the	association	between	prophy-
lactic	platelet	transfusions	and	major	bleeding	using	a	multivariable	
Cox	proportional	 hazards	model	 for	 recurrent	 events,	 adjusted	 for	
age,	treatment	group	in	the	main	trial	(unfractionated	heparin	[UFH]	
or	 dalteparin),	 use	 of	 antiplatelet	 agents,	 surgery,	 platelet	 count	
(≥150×109/L;	 100-	149×109/L;	 50-	99×109/L;	 and	 <50×109/L)	 and	
hemoglobin	 level.	 If	 the	 proportional	 hazards	 assumption	 did	 not	
hold	for	a	discrete	variable,	 it	was	used	as	a	stratification	variable.	
We	assumed	that	the	effect	of	a	prophylactic	transfusion	lasted	for	
5	days	based	on	the	expected	survival	 time	of	 transfused	platelets	
in	 circulation;	 thus,	 in	 the	model,	 this	 time-	varying	 variable	would	
“switch	on”	immediately	after	the	transfusion	and	“switch	off”	5	days	
later.	We	used	two	models	 to	 investigate	 the	association	between	
prophylactic	platelet	transfusions	and	major	bleeding	events.	In	the	
first	model,	patients	were	considered	at	risk	from	the	time	of	ICU	ad-
mission	until	the	time	of	discharge	from	ICU	or	death.	In	the	second	
model,	patients	were	considered	at	risk	from	the	time	of	admission	
to	the	time	of	the	first	major	bleed,	discharge	from	ICU,	or	death.

We	considered	similar	stratified	multivariate	Cox	regression	anal-
yses	to	investigate	the	association	between	platelet	transfusions	and	
death	 in	 ICU,	and	platelet	 transfusions	and	thrombosis,	adjusted	for	
age,	gender,	APACHE	 II	 score,	 treatment	assignment	 (UFH	or	dalte-
parin),	 mechanical	 ventilation,	 vasopressor	 or	 inotrope	 use,	 platelet	
count,	hemoglobin	level,	and	INR.

A	separate	 regression	analysis	was	done	to	evaluate	 factors	as-
sociated	 with	 platelet	 transfusion	 administration	 adjusted	 for	 age,	
bleeding	 (major	 or	 minor),	 surgery,	 treatment	 assignment	 (UFH	 or	
dalteparin),	use	of	antiplatelet	or	anticoagulant	medications,	platelet	
count,	hemoglobin	level.	For	each	transfusion	episode,	we	calculated	
the	platelet	count	increment	using	the	difference	in	platelet	count	lev-
els	before	and	after	each	transfusion.	Using	a	multivariate	generalized	
estimating	equation	model	 to	account	 for	multiple	 transfusions	ad-
ministered	to	the	same	patient,	we	determined	patient	and	product-	
specific	variables	that	influenced	the	platelet	count	increment.

3  | RESULTS

Among	 the	 2,270	 patients	 recruited	 from	 35	 Canadian	 centers	 in	
the	PROTECT	trial,	71	(3.1%)	patients	from	23	Canadian	centers	re-
ceived	190	platelet	 transfusions	 (Figure	1).	The	median	number	of	
platelet	transfusions	per	patient	was	2	(Interquartile	range	[IQR]	1,	
3).	Most	platelet	transfusions	(121/190;	63.7%)	were	administered	
prophylactically	 to	 prevent	 bleeding.	 In	 unadjusted	 analyses,	 pa-
tients	who	received	platelet	transfusions	had	a	lower	nadir	platelet	
count	(median	33×109/L	vs	167×109/L)	and	a	higher	mean	APACHE	
II	score	(25.6	±	6.7	vs	21.8	±	7.7),	were	more	likely	to	have	one	or	
more	major	bleed	at	any	time	(47.9%	and	5.3%)	and	were	more	likely	
to	die	in	ICU	(50.0%	and	14.4%)	compared	with	non-	transfused	pa-
tients	(Table	1).

3.1 | Patient- level analyses

In	 our	 adjusted	 regression	model	which	 considered	 all	 prophylactic	
platelet	transfusions,	 there	was	no	statistically	significant	difference	
in	the	rate	of	major	bleeding	for	patients	who	received	prophylactic	
platelet	transfusions	(HR	=	0.85,	95%	CI	0.42-	1.72;	Table	2);	but	the	
effect	was	in	the	direction	of	bleeding	avoidance.	Similar	results	were	

F IGURE  1 Patients	from	the	PROTECT	trial,	a	randomized	
thromboprophylaxis	trial	in	critically	ill	patients,	and	platelet	
transfusions	analyzed	in	this	study

Excluded: Missing data
(N = 14 patients)

Patients enrolled in the PROTECT trial
from Canadian centres (N = 2270)

Did not receive platelet transfusion
(N = 2185 patients)

Platelet transfusion episodes
(N = 71 patients; n = 190 transfusions)

Prophylactic platelet transfusions
(N = 54 patients; n = 121 transfusions)
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obtained	 when	 patients	 were	 censored	 after	 the	 first	 major	 bleed	
(HR	=	0.90,	95%	CI	0.30-	2.70).	These	analyses	were	underpowered	
(power	=	21%)17,18	as	the	number	of	patients	who	received	platelet	
transfusions	was	relatively	small.	When	we	restricted	the	analysis	to	
patients	with	 a	 nadir	 platelet	 count	 less	 than	 50×109/L,	we	 identi-
fied	33	patients	who	did	and	69	patients	who	did	not	receive	plate-
let	 transfusions	 (median	 nadir	 platelet	 counts	 were	 31×109/L	 [IQR	
20-	39×109/L]	and	38×109/L	[IQR	26-	45×109/L],	respectively).	Three	
(9.1%)	 transfused	 patients	 developed	 major	 bleeding	 within	 5	days	

compared	with	14	(20.3%)	non-	transfused	patients	(OR	=	0.39,	95%	
CI	0.10-	1.48).

In	 our	 analysis	 of	 the	 association	 between	 platelet	 transfu-
sions	and	venous	 thrombosis,	 there	was	a	 trend	 towards	harm	but	
no	significant	association	 (HR	=	1.23,	95%	CI	0.76-	1.99).	Similarly,	
there	was	 no	 significant	 association	 between	 platelet	 transfusions	
and	death	in	ICU	in	our	adjusted	analysis	(HR	=	0.93,	95%	CI	0.54-	
1.60)	(Table	3);	however,	the	effect	was	in	the	direction	of	a	survival	
advantage.

TABLE  1 Baseline	and	time-	varying	characteristics	in	critically	ill	patients	from	Canadian	centers	in	the	PROTECT	trial	who	did	receive	
platelet	transfusion	and	other	patients	who	did	not	

Patients who received  
transfusion (n = 71)

Patients did not receive  
transfusion (n = 2185) P value

Age	(mean	±	SD) 62.5	±	15.4 60.9	±	16.2 .406

Female,	N	(%) 25	(35.2) 928	(42.5) .223

APACHE	II	score	(mean	±	SD) 25.6	±	6.7 21.8	±	7.7	(2184) <.001

Laboratory	results	during	hospitalization	(mean±SD)

INR	(highest) 1.8	±	0.8 1.5	±	0.9 <.001

PTT	(seconds)	(highest) 82.7	±	48.6 48.1	±	30.3 <.001

Hemoglobin	(g/L)	(lowest) 65.8	±	10.5 87.7±18.4 <.001

Creatinine	(umol/L)	(highest) 296.1	±	185.1 169.4	±	164.3 <.001

Platelets	(×109/L)	(lowest) 46.0	±	47.0 182.6	±	98.5 <.001

Lowest	Platelet	count	(×109/L)	during	hospitalization,	no.	(%)

<30 31	(43.7) 21	(1.0) <.001

30-	49 16	(22.5) 48	(2.2)

50-	99 19	(26.8) 286	(13.1)

100-	149 3	(4.2) 556	(25.4)

≥150 2	(2.8) 1274	(58.3)

ICU	interventions	during	hospitalization,	no.	(%)

Inotropes/vasopressors 66	(93.0) 1167	(53.4) <.001

Invasive mechanical ventilation 70	(98.6) 2000	(91.5) .033

Non-	Invasive	mechanical	ventilation 10	(14.1) 326	(14.9) .85

Surgical	procedure 37	(52.1) 411	(18.8) <.001

Hospital	mortality	(N,	%) 40/70	(57.1) 499	(22.8) <.001

ICU	mortality	(N,	%) 35/70	(50.0) 314	(14.4) <.001

Bleeding	events,	no.	(%) 47	(66.2) 294	(13.5) <.001

Major	bleed 34	(47.9) 115	(5.3) <.001

Minor	bleed 13	(18.3) 179	(8.2) .003

Duration	of	ICU	stay	(days,	median) 22	(IQR	12-	32) 9	(IQR	5-	15) <.001

Duration	of	hospital	stay	(days,	median) 30	(IQR	15-	53) 21	(IQR	11-	43) .027

Patients	who	received	other	transfusions	(N,	%)

Red blood cell 69	(97.2) 745	(34.1) <.001

Frozen	plasma 48	(67.6) 178	(8.2) <.001

DVT	or	PE,	no.	(%) 25	(35.2) 338	(15.5) <.001

In	ICU 25	(35.2) 298	(13.6) <.001

Post-	ICU 0 55	(2.5) –

ICU,	intensive	care	unit;		IQR,	interquartile	range;	DVT,	deep	vein	thrombosis;	INR,	international	normalized	ratio;	PE,	pulmonary	embolism;	PTT,	partial	
thromboplastin	time.



     |  107ARNOLD et AL.

3.2 | Transfusion- level analyses

For	 all	 platelet	 transfusions,	 pre-	transfusion	 platelet	 counts	 were	
<30×109/L	(n	=	43,	22.6%);	30-	50×109/L	(n	=	48,	25.3%);	50-	100×109/L	
(n	=	78,	41.1%);	100-	150×109/L	(n	=	9.	4.7%)	and	>150×109/L	(n	=	12,	
6.2%).	Platelet	transfusion	products	were	apheresis	(59/186;	31.7%),	
buffy	coat	(n	=	58/186;	31.2%),	or	whole	blood-	derived	pooled	platelet	
concentrates	(69/186;	37.1%;	Table	S1).	Platelet	product	information	
was	missing	for	4	transfusions.	Platelet	transfusions	were	 incompat-
ible	with	the	ABO	blood	group	of	the	recipient	for	30	patients	(15.9%).

Factors	 associated	with	 platelet	 transfusion	 administration	were	
thrombocytopenia,	especially	platelet	counts	<50×109/L	(HR	=	38.15,	
95%	CI	18.48-	78.78);	anemia	(HR	=	1.38,	95%	CI	1.19-	1.61);	major	or	
minor	bleeding	(HR	=	2.79,	95%	CI	1.62-	4.82);	and	the	use	of	antico-
agulants	(HR	=	2.19,	95%	CI	1.16-	4.13)	(Table	4).

Of	 the	33	non-	bleeding	patients	with	 a	platelet	 count	 less	 than	
50×109/L,	 32	 patients	 received	 54	 individual	 prophylactic	 platelet	
transfusions	with	pre-		and	post-	transfusion	platelet	counts	available.	
The	median	platelet	count	increment	was	21.5×109/L	(IQR	13-	34)	as	
measured	4.9	hours	(IQR	2.7-	9.5)	after	the	transfusion.	Similar	results	
were	 obtained	when	 all	 platelet	 transfusions	were	 analyzed	 (n=156	
individual	 transfusions	 for	 65	 bleeding	 and	 non-	bleeding	 patients):	
Median	 platelet	 count	 increment	was	 20×109/L	 (IQR	 8.5-	33)	 mea-
sured	 3.5	hours	 (IQR	 1.9-	6.8)	 after	 the	 transfusion.	 Platelet	 count	
increments	 were	 generally	 short-	lived,	 lasting	 less	 than	 12	hours	
(Figure	2).	Receipt	of	a	second	platelet	 transfusion	on	the	same	day	
(P<.001)	and	a	pre-	transfusion	platelet	count	≥100	×109/L	(P=0.015)	
were	associated	with	smaller	platelet	count	increments.

4  | DISCUSSION

In	this	sub-	study	of	a	 large	randomized	trial,	we	found	that	prophy-
lactic	platelet	 transfusions	administered	 to	critically	 ill	patients	with	
thrombocytopenia	were	 not	 associated	with	 a	 reduction	 in	 the	 risk	
of	major	bleeding	compared	to	non-	transfused	thrombocytopenic	pa-
tients.	The	number	of	transfused	patients	was	small	which	limits	the	
inferences	one	can	make	based	on	these	data,	and	raises	the	possibil-
ity	of	spurious	results	including	a	type	II	error	concluding	that	platelets	
do	not	prevent	bleeding	when	they	actually	do.	Indeed,	the	direction	
of	 the	 effect	 favored	 bleeding	 prevention,	 however	 the	 effect	 size	
was	small,	and	perhaps	substantially	smaller	than	intensivists	may	an-
ticipate	when	transfusing	platelets	in	the	ICU.	This	study,	despite	its	
modest	sample	size,	is	unique	in	that	we	examined	bleeding	outcomes	
after	 platelet	 transfusions	 in	 ICU	 patients	 using	 validated	 bleeding	
data	that	were	collected	prospectively	on	a	daily	basis.	Assuming	that	
the	risk	of	major	bleeding	in	non-	transfused	ICU	patients	with	severe	
thrombocytopenia	(platelets	<50×109/L)	is	~20%15,19,	and	the	risk	of	
major	bleeding	 in	 transfused	patients	 is	~10%,	we	estimated	 that	 a	
randomized	 trial	 of	 prophylactic	 platelet	 transfusions	 in	 this	 setting	

TABLE  2 Predictors	of	major	bleeding	events,	including	
prophylactic	platelet	transfusions	(Cox	regression,	recurrent	event	
analysisa)

Risk factor
Hazard ratio 
(95% CI)

Prophylactic	platelet	transfusion 0.85	(0.42,	1.72)

Treatment	group	(UFH	vs	dalteparin) 1.11	(0.73,	1.68)

Anti-	platelet	medications 1.10	(0.67,	1.82)

Platelet	count

50-	99	vs	<50×109/L 1.75	(0.96,	3.20)

100-	149	vs	<50×109/L 1.19	(0.62,	2.31)

≥150	vs	<50×109/L 0.32	(0.17,	0.60)

CI,	confidence	interval;	UFH,	unfractionated	heparin.
aAdjusted	for	age,	treatment	group	in	the	main	trial	(unfractionated	hepa-
rin	 or	 dalteparin),	 use	 of	 antiplatelet	 agents,	 surgery,	 platelet	 count	 and	
hemoglobin	level.

TABLE  3 Predictors	of	mortality	(multivariate	Cox	regression	
analysisa)

Risk factor
Hazard ratio 
(95% CI)

Platelet	transfusion 0.93	(0.54,	1.60)

UFH	vs	dalteparin 0.90	(0.70,	1.14)

APACHE	II 1.03	(1.01,	1.05)

Platelet	count

50-	99	vs	<50×109/L 0.74	(0.41,	1.35)

100-	149	vs	<50×109/L 0.57	(0.31,	1.04)

≥150	vs	<50×109/L 0.40	(0.23,	0.72)

Hemoglobin

83-	100	vs	>100	g/L 0.80	(0.59,	1.09)

≤82	vs	>100	g/L 0.65	(0.45,	0.93)

CI,	confidence	interval;	UFH,	unfractionated	heparin.
aAdjusted	for	age,	gender,	APACHE	II	score,	treatment	assignment	(UFH	or	
dalteparin),	mechanical	 ventilation,	 vasopressor	 or	 inotrope	use,	 platelet	
count,	hemoglobin	level	and	INR.

TABLE  4 Determinants	of	platelet	transfusion	administration	
(multivariate	Cox	regression	analysisa)

Risk factor
Hazard ratio 
(95% CI)

Therapeutic	anticoagulation 2.19	(1.16,	4.13)

Anti-	platelet	medications 0.68	(0.41,	1.13)

Hemoglobin	(per	10g/L	drop) 1.38	(1.19,	1.61)

Platelet	count

<50	vs	≥100×109/L 38.15	(18.48,	
78.78)

50-		99	vs	≥100×109/L 170.22	(78.73,	
368.00)

Bleeding	(minor	or	major) 2.79	(1.62,	4.82)

CI,	confidence	interval.
aAdjusted	 for	 age,	 bleeding	 (major	 or	minor),	 surgery,	 treatment	 assign-
ment	(unfractionated	heparin	or	dalteparin),	use	of	antiplatelet	or	antico-
agulant	medications,	platelet	count	and	hemoglobin	level.
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would	require	several	thousand	patients,	depending	on	the	ICU	type	
and	adjustment	for	covariates.

Thrombocytopenia	is	a	common	complication	of	critical	illness	with	
a	prevalence	on	ICU	admission	of	up	to	64%	and	an	incidence	over	the	
ICU	stay	of	up	to	34%.3	The	cause	of	thrombocytopenia	in	this	setting	
is	multifactorial4	often	related	to	bone	marrow	suppression	from	acute	
illness	or	infection,	platelet	consumption	associated	with	disseminated	
intravascular	coagulation	or	circulatory	bypass	or	dilution	from	major	
fluid	shifts.	Rarely	is	a	drug	reaction	or	a	primary	hematological	disor-
der	 the	cause.	 ICU-	acquired	 thrombocytopenia	has	been	associated	
with	 clinical	 outcomes	 including	major	 bleeding,	 blood	 transfusions,	
and death1;	however,	whether	platelet	transfusions	can	mitigate	the	
risk	of	these	events	is	unclear.

In	 2015,	 the	National	Heart,	 Lung,	 and	Blood	 Institute	 identified	
several	key	priority	research	questions	in	the	clinical	practice	of	transfu-
sion	medicine.	Among	them	were	the	safety	and	efficacy	of	prophylactic	
platelet	transfusions	before	common	invasive	procedures	and	the	clin-
ical	consequences	of	ABO	matching	 in	diverse	patient	groups	 includ-
ing	critical	care.13	Our	study	begins	 to	address	some	of	 these	 issues.	
We	found	no	significant	difference	in	the	risk	of	major	bleeding	among	
thrombocytopenic	patients	who	did	and	did	not	receive	a	platelet	trans-
fusion;	however,	further	prospective	controlled	trials	are	needed.

We	 did	 not	 identify	 a	 significant	 association	 between	 platelet	
transfusions	 and	 thrombosis,	 although	 there	 was	 a	 trend	 towards	
harm.	This	 finding	 is	 consistent	with	 a	 previous	 study	 conducted	 in	
a	 similar	medical-	surgical	 ICU	population,	which	 showed	 that	plate-
let	transfusion	 increased	the	risk	of	venous	thrombosis.9 In a recent 
study	using	data	 from	a	national	 hospital	 discharge	database	 in	 the	
United	States,	 investigators	 reported	that	platelet	 transfusions	were	
associated	with	an	increased	risk	of	in-	hospital	death	in	patients	with	
thrombocytopenia	 due	 to	 heparin-	induced	 thrombocytopenia	 and	
thrombotic	thrombocytopenic	purpura.10 Those conditions are inher-
ently	pro-	thrombotic	and	the	study	did	not	adjust	for	platelet	count	
levels;	 thus,	 the	 results	 are	 not	 readily	 generalizable	 to	 a	 broader	
ICU	 population.	 In	 other	 studies,	 platelet	 transfusions	were	 associ-
ated	with	an	increased	risk	of	death	among	patients	undergoing	liver	

transplantation12	and	cardiac	surgery20;	however,	these	results	derive	
from	non-	randomized	data	confounded	by	illness	severity.	Our	results	
do	 not	 clearly	 show	a	 survival	 benefit,	 but	 the	 confidence	 intervals	
were	wide	and	underscore	how	larger	studies	are	needed	to	confirm	
or	refute	any	such	association.

Additional	findings	in	this	study	were	that	a	single	platelet	transfu-
sion	episode	would	be	expected	to	raise	the	platelet	count	by	approx-
imately	20×109/L,	which	is	consistent	with	other	ICU	studies.7,21 The 
platelet	 count	 increment	was	most	 pronounced	within	 a	 few	 hours	
and	the	effect	was	generally	short	lived.	The	need	for	multiple	trans-
fusions	and	a	high	pre-	transfusion	platelet	count	(≥100×109/L)	were	
associated	with	a	 smaller	platelet	count	 increment	post	 transfusion.	
In	this	study,	an	ABO	blood	group	incompatibility	between	donor	and	
recipient	was	not	associated	with	a	smaller	platelet	count	increment;	
however,	 this	 analysis	was	 underpowered.	 In	 a	 previous	 ICU	 study	
which	 included	predominantly	cardiac	surgery	patients,	ABO	incom-
patibility	was	a	significant	predictor	of	poor	platelet	count	increment.7 
It	is	evident	that	the	anticipated	platelet	count	increment	after	a	plate-
let	transfusion	depends	on	the	population	and	the	underlying	cause	of	
the	thrombocytopenia.

A	 key	 strength	 of	 this	 study	 was	 the	 rigorous	 assessments	 of	
bleeding–the	 most	 critical	 outcome	 in	 platelet	 transfusion	 studies.	
Unlike	many	other	studies	 in	this	field,	bleeding	data	were	collected	
prospectively,	on	a	daily	basis,	using	a	clinically	useful,	 ICU-	specific,	
validated	 bleeding	 tool	with	 high	 inter-	rater	 reliability.15	We	used	 a	
blinded	adjudication	process	for	all	major	bleeds,	which	demonstrated	
high	agreement.16	Other	strengths	were	our	analysis	of	the	association	
between	prophylactic	platelet	transfusions	and	major	bleeding,	which	
was	 adjusted	 for	 variables	 known	 to	 be	 related	 to	 this	 outcome.19 
Enrolment	of	a	heterogeneous	group	of	medical-	surgical	patients	from	
23	Canadian	centers	enhances	the	generalizability	of	our	findings	to	
hospitals	with	similar	methods	of	blood	collection	and	transfusion.

Limitations	were	 the	 small	 number	of	 patients	with	 incident	 se-
vere	 thrombocytopenia	 (platelet	 count	 <30×109/L)	 who	 would	 be	
expected	 to	 benefit	 most	 from	 platelet	 transfusions.	 Patients	 with	
baseline	platelet	counts	<50×109/L	and	who	were	bleeding	at	the	time	

F IGURE  2 Average	platelet	count	
increment	and	95%	confidence	interval	at	
specified	times	after	the	transfusion
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of	screening	for	the	main	trial	were	excluded,	which	may	have	under-
estimated	 the	 effect	 of	 platelet	 transfusions	on	bleeding	outcomes.	
The	protective	effect	of	platelets	in	frail	ICU	patients	with	pre-	existing	
hemostatic	 impairments	may	be	more	pronounced.	Although	we	ad-
justed	 for	 factors	 that	 we	 believe	 may	 influence	 bleeding	 risk,	 our	
analysis	cannot	replace	direct,	real-	time,	daily	clinical	risk	assessments	
in	 a	 dynamic	 ICU	 environment.	 Patients	 in	 this	 cohort	were	mostly	
medical;	however,	platelet	transfusions	were	more	commonly	adminis-
tered	to	surgical	patients.	Thus,	our	results	may	not	apply	to	a	predom-
inantly	surgical	or	trauma	population	who	may	have	different	platelet	
requirements.	 For	 example,	 for	 patients	 undergoing	 cardiac	 surgery,	
platelet	dysfunction	due	to	anti-	platelet	medications	or	bypass	circuits	
is	common.	A	platelet	transfusion	study	in	that	population	would	need	
to	consider	these	other	bleeding	risks	in	addition	to	absolute	platelet	
count	levels	for	study	entry.

These	results	contribute	to	the	modest	information	base	in	transfu-
sion	medicine	relevant	to	the	care	of	critically	ill	patients.	In	this	setting,	
most	platelet	transfusions	were	administered	to	prevent	rather	than	to	
treat	bleeding;	however,	the	effect	of	this	intervention	on	bleeding	avoid-
ance	and	other	clinical	endpoints	remains	uncertain.	Our	data	emphasizes	
the	need	for	randomized	trials	of	platelet	transfusions	in	the	ICU.
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