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Background: Postoperative deep vein thrombosis (DVT) is associated with significant morbidity. Even with max-
imal thromboprophylaxis, postoperative DVT is present in 10% of cardiac surgery patients, and is linked to receiv-
ing transfusion. We hypothesized that the incidence of DVT varies with the transfused blood product type, and
increases with transfusion dose.
Study design and methods: 139/1070 cardiac surgery patients have DVT despite maximal chemo and mechanical
prophylaxis. DVTs were detected via serial perioperative duplex venous scans (DVS). Red blood cells (RBC),
platelets (PLT), plasma (FFP) and cryoprecipitate transfusion data were collected.
Results: Transfusion was used in 506(47%) patients: RBC [468(44%); 4.0 ± 4.2 u]; FFP [155(14.5%); 3.5 ± 2.3 u];
PLT [185(17.3%); 2.2 ± 1.3 u] and Cryoprecipitate [51(4.8%); 1.3± 0.6 u]. Isolated RBC transfusion accounted for
92.6% patients receiving one product, and their DVT rate was increased considerably compared to no transfusion
(16.7% versus 7.3%; P b 0.001). Incidence of DVT increased substantially formultiple product transfusions; partic-
ularly when both RBC and FFP are used (25%–40%).
Relative to no RBC (n=602), multivariate logistic regression analysis identified a significant RBC-DVT dose depen-
dent relation (P b 0.001) with: 1–3 RBC units [n = 285, AOR = 1.95(1.23–3.07), adjusted odds ratio (95% confi-
dence interval)]; 4–6 units [n = 117; AOR = 1.65(0.86–3.20)]; and ≥7 RBC units [n = 66; 3.19(1.52–6.70)]. This
relation also increased according to an RBC∗FFP interaction term [AOR = 1.87(1.11–3.22); P = 0.022].
Conclusion: RBC transfusion is associatedwith increased risk of DVT after cardiac surgery in a dose-dependent fash-
ion that is exacerbated when accompanied with FFP. Postoperative screening diagnostic DVS are warranted in this
transfused, high risk for DVT population to facilitate timely therapeutic intervention.

© 2015 Elsevier Ltd. All rights reserved.
1. Introduction

Development of deep vein thrombosis (DVT) is a significant
thrombotic complication that causes significant morbidity but,
more importantly, may be associated with potentially life threat-
ening catastrophic outcomes in the case of embolization. Pulmo-
nary embolism (PE) is a particularly feared sequalae of DVT and
have been identified as the most preventable cause of hospital
mortality [1]. In certain surgical cohorts, DVTs have been reported
to be as high as 40% [2]. Yet, these high rates may be decreased to
about 10% with appropriate thromboprophylaxis [3], resulting in
the dissemination of multiple guidelines for thromboprophylaxis
including the American College of Chest Physicians (ACCP) [4]
essions 2012, Los Angeles, CA.
American University of Beirut-
0, Beirut, Lebanon.
and National Institute of Health and Clinical Excellence (NICE)
recommendations [5].

The incidence and significance of DVTs and associated venous
thromboemboli (VTE) in cardiac surgery patients is incompletely eluci-
dated, and has been historically ignored based on conventional wisdom
that DVTs are largely mitigated given a) the exposure to large doses
of intra-operative heparin, and b) the commonly occurring post-
operative platelet dysfunction, thrombocytopenia and hemodilution as-
sociated with cardiopulmonary bypass which cumulatively were
thought to be protective against DVTs. That said, DVTs before the cur-
rent thromboprophylaxis era in cardiac surgery have reportedly ranged
from as low as 0.7% and up to 48% [1,3,6,7]. Incidence of PEs is
expectedly much lower at 0.6% to 4% [8–10] although their effects
are frequently catastrophically tragic. Most studies, however, had
been limited by their small patient study cohorts, varying or incon-
sistent diagnostic modalities and diagnostic test triggers, and lack
of uniform thromboprophylaxis. A recent study from our group [7]
designed to address these limitations and utilizing aggressive
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Table 1
Comparison of patient data for the DVT versus No DVT sub-cohorts.

Patient variables DVT No DVT P value

No. of patients 139 (13.0%) 931 (87.0%)
Continuous variables mean ± SD mean ± SD
Age (years) 68 ± 12 64 ± 11 b0.001
BMI (kg/m2) 30.1 ± 6.4 30.2 ± 5.8 0.836
Ejection fraction (%) 48 ± 12 48 ± 12 0.451
Cardiopulmonary bypass (min) 117 ± 75 101 ± 0.002 0.002
Ventilator hours (Total) 104.8 ± 259.9 32.3 ± 98.9 b0.001
Categorical factors (%) (%)
Male 60.4% 67.3% 0.123
Current smoker 23.0% 32.9% 0.019
Diabetes 38.1% 42.2% 0.407
Hypercholesterolemia 74.8% 80.0% 0.177
Renal failure 7.2% 3.2% 0.03
Peripheral vascular disease 20.9% 16.3% 0.183
Cerebral vascular disease 27.3% 19.5% 0.042
Cardiogenic shock 5.0% 1.6% 0.017
Arrhythmia 20.9% 16.3% 0.183
Myocardial infarction 59.7% 52.0% 0.022
Congestive heart failure 21.6% 14.0% 0.022
CABG surgery 84.9% 89.2% 0.152
Valve surgery 23.7% 21.9% 0.661
vein graft/harvest 77.7% 82.4% 0.195
Off-pump 6.5% 5.2% 0.655
Aprotinin/Aminocaproic acid 18.0%/75.5% 12.4%/82.5% 0.075
Blood Transfusion (Any) 61.9% 35.2% b0.001
Intraoperative 43.2% 24.5% b0.001
Reoperation (bleeding) 2.2% 1.7% 0.727
Pulmonary Embolism 0.7% 0.0% 0.13
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thromboprophylaxis, reported a surprisingly high incidence of one
or more newly developed postoperative DVTs in 13% of 1070 consec-
utive cardiac surgery patients who underwent routine protocol driv-
en, serial post operative venous duplex scans and found that blood
transfusion was an independent predictor of developing DVT [7].
This DVT-transfusion association has not been previously described
in the cardiovascular surgical setting where it may be of particular
importance since a large fraction of patients receives blood products.
Importantly, transfusion is a potentially modifiable factor via
implementing blood conservation measures, accepting lower hemo-
globin transfusion triggers, or both and thus may potentially reduce
occurrence of postoperative VTE.

In the current study, we tested the hypothesis that if transfusion is
the culprit in the development of postoperative DVT then it should ex-
hibit dose-dependence with greater amounts of packed red blood cell
(RBC) transfusions. A secondary aim of this study was to elucidate the
role, if any, of transfusing other blood products — such as fresh frozen
plasma (FFP), platelets (PLT) and cryoprecipitate— in the development
of postoperative DVT.

2. Methods

This investigation was based on data collected from 1219 adult car-
diac surgery patients operated on between August 1, 2005 and Decem-
ber 31, 2007 atMercy Saint VincentMedical Centerwhoperioperatively
underwent surveillance serial duplex venous scan (DVS) per a newly
approved routine clinical protocol. Retrospective review of these pa-
tients was approved by the institutional boards at Mercy Saint Vincent
Medical Center and the University of Toledo—College of Medicine in
Toledo, Ohio. 1070 patients had one or more DVS, while 149 patients
were excluded for different reasons: a known history of DVT (n =
39), isolated upper extremity DVTs postoperatively (n = 2), early
death (n = 15), and missed DVS or early discharge precluding DVS
(n = 93).

The applied thromboprophylaxis, DVS screening protocols and
DVT treatment following diagnosis were previously described in
detail [7]. Briefly, an initial DVS was usually done on postoperative
day (POD) 2–4 repeated before discharge on POD 6–9 days, and
weekly thereafter until discharge in prolonged stay patients. DVT
thromboprophylaxis was based on the 2007 ACCP guidelines [4].
Stable and non-bleeding patients received aspirin 160 mg daily
starting immediately postoperatively and clopidogrel (Plavix)
75 mg daily starting on POD 1. Unless contraindicated, enoxaparin
(Lovenox) 40 mg was administered subcutaneously daily starting
on POD 1 until discharge to home. This dose was adjusted for larger
body habitus. All patients were also managed with bilateral inter-
mittent calf pneumatic compression (IPC; Kendall SCD Express
model 182384), which was removed periodically to permit fre-
quent postoperative ambulation as permitted by the patient's sta-
tus. All patients diagnosed with a DVT underwent the appropriate
standard anticoagulation therapy comprised of warfarin for 6
months.

2.1. Blood transfusion data

Detailed blood transfusion data were collected on all transfused
patients including product type, amount and timing (intra- or post-
operative). The association of blood products to DVT was assessed for
time of transfusion, product type (RBC, FFP, PLT, cryoprecipitate vs.
none), number of product types given (none, one, two, three, all four),
specific product combinations, and finally dose or amount of product
transfused. For the latter, the following specific product type — dose
groups were used for analysis: RBC [0 (reference), 1–3, 4–6 and
≥7 units], FFP [0 (reference), 1–2, 3–4, ≥5 units], PLT [0 (reference), 1,
2, ≥3 units] and cryoprecipitate [Cryo; yes/no].
2.2. Statistical methods

Continuous variables were expressed asmean± standard deviation
(SD) or median (inter quartile range; IQR) and compared via the un-
paired t-test or the non-parametric Mann–Whitney U test, respectively.
Categorical variables were expressed as percentages (%) of the corre-
sponding patient cohort, and between-group comparisons of these
variables were donewith chi-square (X2) or Fisher's exact test as appro-
priate. Patients receiving RBC, FFP and PLTwere studied as a binary (yes/
no) as well as compared based on number of units received (refer-
ence = 0 units), while the more rare cryoprecipitate transfusion was
studied as a binary (yes/no) factor only. Patients were grouped to DVT
and No DVT cohorts for comparison (Table 1). Next, binary logistic
regression (backward selection [Wald]) was used to determine the in-
dependent predictors of DVT using all the variableswith P b 0.2 (univar-
iate) with highly correlated variables excluded to avoid model
confounding. Transfusion product type interaction terms were consid-
ered as appropriate variables significant with P b 0.05 were retained
as predictors. The multivariate model was confirmed via forward selec-
tion, and was tested for discrimination using the area under the ROC
curve. Statistical analysis was conducted with SPSS version 21.0 soft-
ware (SPSS Inc., Chicago, IL).
3. Results

3.1. Patients

The overall study population of 1070 patients included 984 coronary
artery bypass (CABG; 88.6%) and 237 valve (22.2%) surgery patients.
Patients included 711 (66.5%) men and 359 (33.5%) women, with a
median (interquartile range) age of 65 (56–73) years (mean ± SD:
64.1 ± 11.5 years).

Cardiopulmonary bypass was used in most patients (n = 1013;
94.7%); with Aprotinin used in 140 (13.8%) of the on-pump surgeries
while aminocaproic acid was used in the remaining 873 (86.2%)
patients.



Table 2
Frequency of overall and type-specific transfusions in cardiac surgery study patients (N = 1070).

Cohort Transfusions DVT Odds ratio P valuea

Nt Nt/N (%) n n/Nt (%) (95% C.I.)

Any transfusion
No 564 52.7% 41 7.3% (ref)
Yes 506 47.3% 98 19.4% 3.06 (2.08–4.51) b0.001

# products transfusedb

1 product 310 29.0% 52 16.8% 2.57 (1.66–3.98) b0.001
2 products 81 7.6% 12 14.8% 2.22 (1.11–4.43) 0.036
3 products 73 6.8% 17 23.3% 4.09 (2.18–7.70) b0.001
4 products 42 3.9% 17 40.5% 8.67 (4.34–17.4) b0.001

Transfused product
RBC 468 43.7% 94 20.1% 3.21 (2.17–4.74) b0.001
PLT 185 17.3% 43 23.2% 3.86 (2.42–6.16) b0.001
FFP 155 14.5% 40 25.8% 4.44 (2.75–7.17) b0.001
Cryoprecipitate 51 4.8% 18 35.3% 6.96 (3.61–13.4) b0.001
No RBC 38 7.5% 4 10.5% 1.50 (0.51–4.44) 0.674

Single blood product
RBC only 287 26.8% 48 16.7% 2.56 (1.64–3.99) b0.001
PLT only 18 1.7% 4 22.2% 3.65 (1.15–11.6) 0.059
FFP only 5 0.5% 0 0.0% 0 0.808
Cryoprecipitate only 0 0.0% 0 − − −

Multiple products
RBC + PLT 41 3.8% 6 14.6% 2.19 (0.87–5.50) 0.162
RBC + FFP 24 2.2% 6 25.0% 4.25 (1.60–11.3) 0.006
RBC + PLT + FFP 67 6.3% 18 26.9% 4.69 (2.50–8.77) b0.001
RBC + PLT + FFP + Cryo 42 3.9% 17 40.5% 8.67 (4.34–17.4) b0.001

Nt = # of patients in a given transfusion group; n = # of patients with confirmed DVT.
N = total of patients in study (1070).
95% C.I. = 95% confidence interval.

a P value from Chi square test (1° of freedom) with Yates continuity correction. All comparisons were done against patients not receiving any blood products (No Transfusion group; N =
564).

b Products can be of any type.
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3.2. Postoperative deep vein thrombosis (DVT)

A total of 139 DVTs (13%)were confirmed in 1070 patients undergo-
ing the serial DVS protocol following their cardiac surgery (Table 1).
Time-to-DVT diagnosis ranged between postoperative day 2 and
23 days [median (IQR): 6 [4–12]]. Compared to no-DVT, patients devel-
oping DVTwere an average of 4 years older (68± 12 vs. 64± 11 years;
P b 0.001) and generally had a higher incidence of prior morbidity
(cerebrovascular disease, history of myocardial infarction, renal failure
and congestive heart failure). Incidence of DVT was similar in patients
undergoing CABG versus valve [102 (12.4%) vs. 33 (13.9%) P = 0.613]
surgery and in case of off-pump versus on-pump surgery (n = 9
(15.8%) vs. n = 130 (12.8%), P = 0.52]. Use of Aprotinin was not signif-
icantly associated with DVT [Aprotinin (yes vs. no): 25/140 (17.9%) vs.
114/930 (12.2%); P = 0.089]. Lastly, operative (in-hospital or 30 days)
deaths (n = 9 (6.5%) vs. n = 16 (1.7%); P = 0.003), postoperative
length of stay (14.4 ± 12.9 vs. 8.3 ± 7.3 days; P b 0.001), and hospital
readmission within 30 days (n = 139, 20.9% vs. n = 931, 10.3%; P b

0.001) were significantly worse for DVT versus no-DVT patients.
Fig. 1. Incidence of postoperative DVT based on transfusion product type combinations.
3.3. Perioperative transfusion

Nearly half of patients received some form of blood products [n =
506 (47%) overall; 101 intraoperative only, 216 postoperative only;
196 both intra- and postoperative]. Frequency of transfusion, product
types and combinations for the study population are detailed in
Table 2. Packed RBC transfusion was most frequent at 44% overall and
at 92.5% of transfused patients. The frequency of receiving a specific
type of blood product and the corresponding average units were as fol-
lows: RBC [468 (44%); 4.0 ± 4.2 u]; FFP [155 (14.5%); 3.5 ± 2.3 u]; PLT
[185 (17.3%); 2.2 ± 1.3 u] and Cryoprecipitate [51 (4.8%); 1.3 ± 0.6 u].
Transfused patients received an average of 5.7 ± 4.7 u (median [inter-
quartile range]: 6 [3–10]) of all products. Most (310 of 506 transfused
patients (61.2%) received only a single type of blood product and
92.6% of thesewere isolated RBC transfusions. A smallminority of trans-
fused patients did not receive RBC units (38/506, 7.5%).

3.4. Association between Transfusion and DVT

Postoperative DVT was nearly 3 times as likely in transfused versus
non-transfused [98/506 (19.4%) vs. 41/564 (7.3%); P b 0.001] patients.
[Table 2] This association tended to be greater with increasing number



Fig. 2. Top. Dose-dependence of the incidence of DVT in terms of RBC (left), FFP (middle) and platelet (PLT; right) transfusion. Bottom. The corresponding unadjusted (open symbols) and
risk-adjusted odds ratios at each dose category for the above relationswith 95% confidence intervals (lines). For additional details refer to text in Results section. * Indicates statistical sig-
nificance of individual points relative to reference category at any level (P b 0.05).
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of blood products used ranging from a comparable DVT rate of 15–17%
in case of 1 or 2 products (any types) up to 40% when patients received
all 4 product types. However, the increased rate of DVT seemed to hinge
on patients receivingRBCunits, as incidence of DVT in patients receiving
products other than RBC was similar to that in non-transfused patients
(4/38 or 10.5% vs. 7.3%; P = 0.67).

A large majority of DVT patients that were transfused (94 of 98)
received RBC with or without other products, whereas the remaining
four transfused DVT patients received platelets only. [Table 2] Consider-
ing blood product combinations with RBC, we found that administering
platelets did not increase the likelihood of DVT, while provision of FFP
units with RBC transfusion doubled [41/133 (30.8%) vs. 54/328
(16.5%); P b 0.001] the risk of postoperative DVT compared to RBC
transfusion without additional FFP. [Fig. 1] This effect of combined
RBC and FFP transfusion was noteworthy since no DVTs were observed
in 20 patients who received FFP but no RBC.
3.5. Dose-dependence of the transfusion — DVT relation

When considered each separately, RBC, FFP and platelet transfusion
were all associated with a dose-dependent increase in incidence of DVT
and, consequently, each showed significantly increased unadjusted
odds of developingDVT. [Fig. 2] The corresponding odds ratios, adjusted
for demographic and clinical factors aswell as other transfusion product
types (as categorical yes/no), showed that after risk adjustment: a) RBC
transfusion remained an independent predictor of DVT in a dose-
dependent fashion, b) FFP transfusion increased the risk of DVT only
in patients receiving large quantities of FFP (≥6 units — all received
RBC as well), and c) platelet transfusion was not independently associ-
ated to DVT at any dose. [Fig. 2–bottom].
Given the above findings [Fig. 2], coupled with the following addi-
tional observations: 1) all FFP transfused patients that developed DVT
also received RBCs while none of the FFP/no RBC patients developed
DVT, 2) patients transfused with large quantities of FFP (≥4 units)
were also given RBCs without exception, and 3) the compelling evi-
dence of increased DVT when patients receive both RBC and FFP com-
pared to RBC alone [Fig. 1], we derived a final multivariate logistic
regression model for DVT based on RBC dose categories and RBC∗FFP
transfusion interaction term (see full model results in Fig. 3). Briefly,
the dose-dependent RBC-DVT relation adjusted for all factors that
were univariately associated with DVT with a P value ≤ 0.2 [7] in
addition to blood transfusions (platelets and cryoprecipitate were con-
sidered as binary categorical variables, RBC transfusion modeled as 4
dose-based categories and an FFP∗RBC interaction term). The results
of this analysis, summarized in Fig. 3, confirmed the dose-dependent
nature of the RBC-DVT relation (P = 0.005 overall), and showed that
this effect is nearly doubled when FFP units are also administered
[FFP∗RBC interaction term = 1.87 (1.11–3.22); P = 0.022]. Other fac-
tors predicting postoperative DVT were older age and patient morbidi-
ty/lack of ambulation as indicated by increasing initial ventilator time as
well as the need for postoperative re-intubation.

4. Discussion

Most studies investigating causes of deep vein thrombosis (DVT)
and or venous thromboembolism (VTE) in surgical patients have largely
ignored the potential role of blood transfusion as a potential culprit fac-
tor [11]. In contradistinction, we found a dose-dependent association
between RBC and DVT in a large cardiac surgical patient series that
was 1) treated with maximal mechanical (lower limbs external com-
pression) and pharmacologic thromboprophylaxis as recommended



Fig. 3. Left: risk-adjusted RBC—DVT dose dependent relations shownwith andwithout the RBC∗FFP interaction effect derived via multivariate logistic regression (see Table insert at bot-
tom for full model). Asterisk (*) indicates statistical significance of individual points relative to reference category at any level (P b 0.05). Right: corresponding receiver operator charac-
teristic curve with C-statistic (model discrimination).
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by the ACCP guidelines and 2) were systematically tested for postoper-
ative DVT through a unique protocol of serial duplex venous scans
throughout their hospital stay. We also found that this association was
amplified in case FFP units are administered. Administration of platelets
and cryoprecipitate did not alter this association and indeed their ad-
ministration was not associated with enhanced risk of DVT
development.

The presence of a hypercoagulable state, stasis and/or venous injury
after surgery, the so called Virchow's Triad, has long been proposed to
play the central role in postoperative DVT. Given the relative immobility
of patients after surgery and the known postoperative hypercoagulable
state resulting in thrombin generation and platelet activation in the im-
mediate postoperative period that has been hypothesized to increase
the risk of coronary graft failure [12,13], logic would dictate that cardiac
surgical patients are at risk for postoperative DVTs [14]. The incremental
role of surgery related transfusions, if any, in this potential postopera-
tive prothrombotic state is however less well understood in cardiac sur-
gery. In light of the enhanced inflammatory milieu associated with
homologous blood transfusions, this may conceivably represent a risk
for vessel injury and resultant thrombotic complications. There has
been little data on such a transfusion mediated vessel injury outside of
the peripheral vascular surgical arena, where graft durability has been
adversely affected by transfusions [15].

The relationship between blood transfusion and development of
DVT has been previously reported in patients undergoing elective total
hip replacement and in cancer patients [9,10,16]. Transfusion of both
RBC and platelet was shown to be a risk factor in hospitalized patients
with cancer increasing risk of thromboembolic events [10]. Among
21,943 patients undergoing colorectal cancer resection, there was a
dose dependent association between RBC blood transfusion and VTE
[10]. In contradistinction to our findings, a study of women with stage
IIIC-IV ovarian, tubal or peritoneal cancer, found that postoperative
(but not intraoperative) FFP transfusionswere related to increased inci-
dence of DVT/PE [9]. Also, in general and vascular surgery patients, VTE
was increased if more than 4 units of packed RBCwere transfused in the
72 h prior to operation [17]. Another recent study reported that both
cardiovascular surgery and blood transfusion were independent trig-
gers of hospitalization for VTE [18].

Cardiopulmonary bypass during cardiac surgery is known to initiate
a pathway cascade leading to thrombin production, and it is conse-
quently suggested that cardiovascular surgery outcomes may be im-
proved by ameliorating this thrombotic component of CPB [18].
Increased levels of circulating plasma tissue factor (pTF) has been de-
scribed in the setting of major surgery, cardiopulmonary bypass, acute
coronary syndromes, cancers and trauma [19]. This pTF, a fragment of
cellular tissue factor, has been proposed to be the “missing link” in
Virchow's triad leading to thrombus formation [19,20]. Specifically,
this pTF combines with phospholipid membranes from microparticles,
platelets, and especially monocytes leading to the activation of coagula-
tion factor VII and subsequently forms the fVIIa tissue factor complex
which initiates the generation of thrombin [21,22]. In cardiac surgery,
both with and without cardiopulmonary bypass, pTF may remain
elevated for 30 days after the operation with possible prothrombotic
consequences [23]. A recent study suggested that plasma derived mi-
croparticles may work synergistically with those derived from blood
banked RBC units in causing thrombotic complications [24]. This obser-
vation may explain our finding that DVT rates are increased when
patients receive RBC transfusion. The mechanism behind the lack of an
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appreciable effect of isolated FFP transfusion on DVT risk remains
unclear particularly given the small number of such patients in our cur-
rent series (n= 20).We propose that coagulation factors present in FFP
potentiate this RBC-microparticle interaction and increase the likeli-
hood of DVT. This, in turn, points to the need to evaluate the potential
protective effect of washing RBC to remove microparticles prior to ad-
ministering them as a means to reduce the risk of DVT. One study [26]
has shown that a seven-minute wash of older blood was effective at
reducing apoptosis by PMN.

Several articles have alluded to the importance of the age of the
blood on outcomes [25–29]. Blood products are a valuable and expen-
sive commodity, and current blood product utilization models are
designed to maximize their use which inevitably means that relatively
old donated blood is preferentially used in patients in compliance
with a “first in, first out” supply chain strategy. Cardiac surgery patients
are not an exception including the current study patient cohort where
such standard blood banking policies were in effect. A study on critically
ill trauma patient found that patients transfused withmore than 5 units
of RBC and of storage duration greater than 28 days are associated with
increased risk of DVT and death frommultiorgan failure [25]. Prolonged
storage duration of packed blood have been linked to increased adverse
outcomes including in cardiac surgery patients [26,27]. Both formation
of microparticles and hemolysis is enhanced as storage duration in-
creases, and these lead to reduction in vasodilation, increase in platelet
adhesion and aggregation, and exacerbation of inflammation when
transfused to patients each of which has detrimental effects on patient
outcomes [26–29]. Alternatively, recent clinical trials have questioned
this contention that increased duration of blood storage increases
adverse outcomes after cardiac surgery [30–33].

4.1. Limitations, strengths and future directions

There are limitations to our analysis. The results reported in our
studymay not be readily generalizable since the data reflect the experi-
ence of a single institution. The timing of blood transfusion versus DVT
formation is not strictly known. However, most of our transfusions
occur in the operating room or immediately to within 24–48 h after
transfer to the intensive care unit. On very rare occasions, transfusions
may be administered beyond POD 2–4 (the timing of the first DVS).
Time-to-DVT diagnosis in our series ranged between postoperative
day 2 and 23 days [median (IQR): 6 [4–12]] and, hence, we suggest
that this issue of timing is of minimal concern. RBC storage duration
data prior to transfusionwas not available to incorporate in the analysis.
As is true of any cardiac surgery practice, isolated platelet and FFP trans-
fusions are very rare and it is difficult to draw definitive conclusions
about their potential effects in postoperative DVT. Details of whether
there were changes to the DVT prophylaxis, or even cessation of such
measures, in individual patients receiving FFP is not available to us.
Lastly, DVT incidence has recently been linked to the ABO blood group
of the patient [34,35], and we did not have this data available to us
and was not accounted for in the analysis. Alternatively, a major
strength of our study is the implemented prospective DVS protocol.
This approach likely captured all in-hospital leg DVT rather than just
the minority of DVTs that become symptomatic within the period of
postoperative hospitalization.

Another strength is the primary study finding of an RBC transfu-
sion — DVT dose dependent relation and the FFP effect since both
are potentially modifiable factors through alterations of surgical
and clinical practice. Use of Retrograde autologous priming and
other perfusion circuit reduction measures are proven to reduce
the extent of hemodilutional anemia on cardiopulmonary bypass
and, consequently, the need for transfusion. Clinically, our data sug-
gest that physicians should evaluate accepting lower hemoglobin
levels when considering transfusion and/or its dose. Additionally,
our FFP finding suggests a potential important role for measures of
mechanical clot strength such as rotational thromboelastometry to
objectively and more appropriately withhold FFP transfusions
given their potential role in DVT development. We speculate that
by applying such measures, it may be possible to lower the rate of
DVT and its concomitant morbidity. Lastly, the findings of our study
advance the development of predictive statistical models of who is
at high risk of DVT, and may permit more selective use of
chemothromboprophylaxis and avoid the anticoagulant induced
risk of hemorrhage in some patients at low risk for DVT. These
same models may also permit the identification of patients that
should undergo serial DVS as opposed to universal use in all patients.

Even with maximal thromboprophylaxis, RBC transfusion increases
the likelihood of DVT after cardiac surgery in a dose-dependent fashion
that is exacerbated when accompanied with FFP. These results indicate
that postoperative screening diagnostic DVS are warranted in this high
risk for DVT population to facilitate timely therapeutic intervention.
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