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Abstract
Background—Disquieting reports of increased complication and death rates after transfusions
of red-cell concentrates stored for more than 14 days prompted us to perform an observational
retrospective cohort study of mortality in relation to storage time.

Study design and methods—We conducted a cohort study utilizing data on all recipients of
at least one red-cell transfusion in Sweden and Denmark between 1995 and 2002, as recorded in
the Scandinavian donations and Transfusions (SCANDAT) database. Relative risks of death in
relation to storage time were estimated using Cox regression, adjusted for several possible
confounding factors.

Results—After various exclusions, 402,874 transfusion episodes remained for analysis. The 7
day risk of death was similar in all exposure groups, but a tendency for a higher risk emerged
among recipients of blood stored for 30-42 days (hazard ratio, 1.05; 95% CI, 0.97-1.12), as
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compared to recipients of blood stored for 10-19 days. With 2-year follow-up, this excess
remained at the same level (hazard ratio, 1.05; 95% CI, 1.02-1.08). No dose-response pattern was
revealed and no differential effect was seen when the analyses were restricted to recipients of
leukocyte depleted units only.

Conclusion—Although a small excess mortality was noted in recipients of the oldest red-cell
concentrates, the risk pattern was more consistent with weak confounding than with an effect of
the momentary exposure to stored red-cell concentrates. It seems, thus, that any excess mortality
conferred by older red-cells in the combined Swedish and Danish transfusion recipient population
is likely less than 5%, which is considerably smaller than in the hitherto largest investigation.

Introduction
It is well established that when stored, red blood cells undergo several changes,1, 2

collectively referred to as a “storage lesion,” including loss of deformability,3 morphological
changes,4 and depletion of adenosine triphosphate and 2,3-diphosphoglycerate.4, 5 These
changes decrease oxygen transporting capacity and impair capillary passage.2, 6 Yet, the
clinical consequences of prolonged red-cell concentrate storage remain poorly understood.
With few exceptions,7-12 previous studies have found suggestive evidence of various
adverse consequences such as increased mortality and increased length of hospital stay as
well as higher rates of infectious complications, thrombosis and multi-organ failure.13-27

However, studies have generally been small or have failed to control important sources of
error.1, 28, 29 While two are underway,1 no large randomized trial of fresh vs. stored red-cell
concentrates has been completed. Because the tolerance for risks in transfusion medicine is
low,30 very large studies are needed to rule out small but still clinically meaningful effects.
If inconclusiveness prevails, large and well-designed observational studies may be crucial to
inform policy decisions.

To investigate the effect of prolonged storage of red-cell concentrates on patient survival we
performed a large, retrospective cohort study using a population-based database of blood
transfusion recipients in Sweden and Denmark.

Material and Methods
Setting

Blood services in Sweden and Denmark are part of the public health care system.
Component production and transfusion practice follow very similar national guidelines, but
maximum storage time for red-cell concentrates in SAGMAN (saline-adenosine-glucose-
mannitol) solution has been 42 days in Sweden and 35 days in Denmark. Units that were
leukocyte-depleted through filtering or other means were used to a varying but generally
increasing extent throughout the entire study period.

Data sources
The first computerized transfusion register in Sweden was initiated in 1966.31 Similar
registration began in Denmark at the same time,32 but was not made permanent until the
1980's. All individuals in these registers are uniquely identifiable through their national
registration numbers, which are assigned to all residents of both countries and are used in all
population and health registers. Therefore, records on individuals can be electronically
linked across registers with little or no error.

Available computerized data from transfusion registers in Sweden and Denmark were
retrieved and entered into two databases, one for each country. Electronic linkages with
continuously updated national population and migration registers as well as with complete
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national registers for death and inpatient care, provided dates of emigration, dates and causes
of death, and information on hospitalizations (including date and diagnoses at discharge,
along with codes for surgical or anesthesiological procedures). Finally, the Swedish and
Danish databases were merged to form the Scandinavian Donations and Transfusions
(SCANDAT) database.33 Data from the SCANDAT database has been used to address
several issues regarding long-term safety of blood donations and transfusions.33-38

Study design
We performed a retrospective cohort study with exposure defined by transfusion register
data, information on disease or indication and length of stay obtained from national registers
of in-hospital care, and follow-up via registers of death and migration. We identified all
patients in the SCANDAT database who had at least one red-cell concentrate transfusion
recorded between January, 1995 and December, 2002. The investigation was limited to
patients aged 15 to 90 years with known blood type, who had not received any transfusions
in the two years preceding the index transfusion. We excluded data from hospitals where
fewer than 5,000 patients were transfused during the 7-year study period to allow adjustment
for hospital of transfusion in the statistical analyses. All restrictions/exclusions were pre-
planned with the purpose of minimizing ambiguous data and maximizing our ability to
adjust for possible confounding.

Transfusions were grouped into episodes containing an exposure period and a follow-up
period, both of which were varied to assess short- and long-term survival in relation to red-
cell concentrate storage time. Patients could contribute to more than one transfusion episode
as long as two years without any transfusions had passed before the next index transfusion.
We excluded episodes where autologous units, ABO non-identical units, units from
unknown donors, or units of unknown storage time were transfused during the exposure
period.

We assessed short-term survival using a 1-day exposure period and an overlapping 7-day
follow-up period (i.e., from day 1 through 7). Long-term survival was assessed using a 7-
day exposure period with follow-up from day 8 through 730 (i.e. 2 years). Otherwise,
follow-up was terminated upon death, emigration, or end of registration in the SCANDAT
database (31st of December, 2002). We classified exposure similarly as in previous
investigations,22 with discrete exposure categories where patients had exclusively received
units of a certain age (i.e. 0-9, 10-19, 20-29, or 30-42 days old). We also established a mixed
category, with recipients of multiple units that fell into more than one age class. Since
freshly prepared units may be used for special indications, e.g. when units are prepared for
patients with irregular red cell antibodies, recipients of 10-19 days old units were used as the
reference group.

Statistical analysis
The relative risks of death, expressed as hazard ratios, were estimated using Cox
proportional hazards regression. In addition to a variable denoting the storage time of red-
cell concentrates, models included variables for recipient's age, calendar period, weekday
(weekday or weekend), season (winter, spring, summer, or fall), and hospital (35 Swedish
and 17 Danish), all as defined at the start of the exposure period, as well as number of
transfusions during the exposure period (red-cell, plasma and platelet transfusions
considered as separate variables), recipient's sex and ABO-Rh blood type. Storage time of
non-red-cell units was not considered. We also adjusted for transfusion indication, defined
by diagnosis and procedure codes from the inpatient registers.38 Six indication groups were
established according to a sequential algorithm: 1. trauma; 2. non-trauma, cardiovascular
surgery; 3. non-trauma, non-cardiovascular surgery for malignant disease; 4. non-trauma,
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non-cardiovascular, non-malignancy, major surgery; 5. other care for hematologic
malignancy; or 6. other hospital care. In analyses confined to Swedish patients, for whom
data was available, we further adjusted for planned versus emergency admission, but since
this adjustment had no effect on the studied associations, this variable was dropped. All
variables were treated as categorical except age, calendar period and number of red-cell
concentrate transfusions, the effects of which were modeled as restricted cubic splines.
These piecewise polynomials provide a flexible way to model non-linear trends smoothly,
thus achieving tight adjustment for confounding.

In addition to analyses of all-cause mortality, we also performed analyses of cause-specific
risks of death, divided according to the chapters of revisions 9 and 10 of the International
Classification of Diseases (ICD). For simplicity, these analyses compared recipients of units
stored for 30-42 days to recipients of units stored for 10-19 days. We also modeled the effect
of maximum storage time of any red-cell unit given during the exposure period as a
restricted cubic spline to create a smooth graphical representation of the association with
mortality. Moreover, an analysis was conducted for episodes where only leukocyte-depleted
units were used. Finally, as a test of dose-response, we performed an analysis where the
main exposure was the number of transfusions of red-cell concentrates stored for 30-42
days, regardless of whether they were given together with concentrates of other ages.
Covariates and parameterizations were the same as in the main analyses.

Possible statistical interactions between the main exposure and country, sex, age, calendar
time and number of transfusions were explored with likelihood ratio tests. We also limited
the analyses to possible high-risk groups defined a priori (age ≥70 years; coronary artery by-
pass graft surgery; or extracorporeal circulation for other reasons).22 As a sizable number of
patient episodes were excluded from the analyses based on the strict inclusion criteria, the
main analyses were repeated including also patients transfused in smaller hospitals. Due to
the large number of smaller hospitals, it was not possible to adjust for individual hospitals.
Therefore, we adjusted instead for the number of transfusions administered in that hospital
that year categorized into deciles as a proxy for hospital size. In these extended analyses we
also included recipients of ABO non-identical units. The proportional hazards assumption
was evaluated using Schoenfeld residuals from the main models and by exploring the effect
of red-cell concentrate storage time across follow-up, split into three time windows (1-30,
31-90 and 91-730 days).

All statistical analyses were conducted using Stata 10. Since some patients experienced
more than one transfusion episode, robust variance estimates were used.39 All p-values were
two-sided. The creation of the SCANDAT database and the conduct of this study were
approved by relevant scientific ethics committees in both countries.

Results
We identified 761,849 patients who received at least one red-cell concentrate transfusion
during 807,833 transfusion episodes. After exclusion of 402,874 transfusion episodes
(374,719 patients), a total of 404,959 episodes (387,130 patients) remained for analysis
(Figure 1). For the long-term analyses, 380,549 episodes (364,037 patients) remained
(Figure 1).

Table 1 presents characteristics of the patient population. In the short-term analyses the
exclusive use of concentrates stored for 0-9 days occurred in 103,402 episodes, exclusively
10-19 days in 140,619 episodes, 20-29 days in 63,729 episodes, and 30-42 days in 32,855
episodes. The median storage time ranged from 7 days in the 0-9 days category to 34 days in
the 30-42 days category, and was 17 days in the mixed exposure category. Units of mixed
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ages were used in 64,354 episodes. The median age of patients was similar in all exposure
categories, ranging from 71.6 to 73.2 years. With the exception of the mixed category,
where a higher median number of transfusions was evident, similar numbers of transfusions
were administered. As expected, proportions of the rarer blood groups (AB and B) increased
with longer storage. The duration of hospital stay and distributions of indications was
similar in the four main exposure categories, somewhat allaying concerns about differential
use of fresh and old red-cell concentrates among patients with different prognosis.

Table 2 presents short- and long-term relative risks of death in relation to storage time for all
patients and for the selected high-risk groups. The relative risk of death in days 1-7 was
similar in all exposure groups, albeit with a statistically non-significant 5 percent risk
elevation among recipients of units stored for 30-42 days (hazard ratio, 1.05; 95 percent
confidence interval, 0.97-1.12). During the two year follow-up the relative risk in the 30-42
day category remained slightly elevated (hazard ratio, 1.05; 95 percent confidence interval,
1.02-1.08). Results from the analyses confined to possible high-risk patients showed that the
risk pattern among the elderly did not differ notably from the overall analyses. Although
based on small numbers and not achieving statistical significance, hazard ratios tended to be
somewhat higher, both in the short- and long-term follow-up, among coronary artery by-
pass surgery patients who exclusively received concentrates stored for 30-42 days,
compared to patients who only received units that were 10-19 days old. No obvious
association between red-cell storage and mortality was observed among patients on
extracorporeal circulation.

A restriction to all episodes where only leukocyte depleted units were used did not change
risk estimates (Table 3). There was a notable lack of variation of the slightly elevated hazard
ratios among recipients of 30-42 day old red-cell concentrates across follow-up time; the
point estimates for days 1-30, 31-90, and 91-730 were 1.05, 1.05, and 1.06, respectively. In
analyses of cause-specific mortality, no single category of cause of death was conspicuously
overrepresented (Table 4).

Figure 2 presents the relative risk estimates from the short- and long-term analyses together
with results from the analyses where the effect of maximum storage time was modeled as a
restricted cubic spline. The association between red-cell storage and mortality followed
essentially the same pattern in both analyses, with a trend to higher mortality with older
storage time that was significant only in the long-term analysis.

Table 5 shows short- and long-term relative risks of death in relation to the number of
transfused 30-42 day old units among all red-cell transfusion recipients. The adjusted point
estimates for 7-day mortality tended to go up with the number of such units; compared to
recipients of no such units, risks for those who received 1-2, 3-4, and ≥5 units were,
respectively, 1.04, 1.10, and 1,14, but none of these estimates attained statistical significance
and the trend test was also non-significant (p=0.074). In the long-term analysis, there was a
slightly increased risk in recipients exposed to 1-2 units stored for 30-42 days, but there was
no upward trend with increasing number of old units.

Addition of interaction terms in the short- and long-term models did not reveal any
important effect modification by country (Pshort=0.89, Plong =0.07), sex (Pshort =0.21, Plong
=0.75), calendar time (Pshort =0.93, Plong =0.37), or number of transfusions (Pshort =0.64,
Plong=0.33), but there was a weakly significant interaction between storage time and patient
age in the long-term analysis (Pshort =0.10, Plong =0.04). Stratified analyses, however,
showed no important differences between strata (data not shown). Upon including also
patients transfused in smaller hospitals or with ABO non-identical units 544,203 transfusion
episodes were available for short-term and 514,265 transfusion episodes for long-term
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analyses. Again, the risk estimates for the recipients of the oldest units was similar to the
overall analyses, with relative risks of 1.06 (95 percent confidence interval, 1.00-1.12) on
short term and 1.03 (95 percent confidence interval, 1.01-1.05) on long term.

Discussion
Here we present the results from a large-scale, population-based observational retrospective
cohort study comparing transfusion recipient survival after exposure to red-cell concentrates
stored for periods in the upper range (30-42 days) with that experienced by recipients who
exclusively received moderately fresh red-cell concentrates (10-19 days). We found
transfusion of blood stored for more than 30 days to be associated with a modest 5 percent
excess mortality in both short- and long-term analyses. Analyses restricted to supposedly
more susceptible sub-populations, including the elderly, patients undergoing coronary artery
by-pass graft surgery and patients requiring extracorporeal circulation for other reasons,
revealed no noteworthy deviations from the general pattern.

In the hitherto largest investigation of red-cell concentrate storage,22 criticized for
insufficient attention to possible confounding,28, 29 in-hospital mortality was increased by 65
percent when comparing recipients of red-cell concentrates stored >14 days to those who
received units stored ≤14 days. In our study, we did indeed find a slight excess mortality,
but this excess was much smaller and was confined exclusively to recipients of units stored
for more than 30 days. This small excess mortality followed no apparent dose-response
pattern in the comparison of the different exposure categories. However there was a
suggestion of a weak and statistically non-significant dose-response when the number of old
units was considered with 7-day follow-up, but not with 2-year follow-up. An exploration of
causes of death revealed no indication that any excess risks would be attributable to any
specific disease mechanism.

Although variation in the relative risk over time would be expected after a momentary insult,
such variation was lacking in our data. Instead, we observed a more or less constant, risk
elevation suggesting that the excess observed among recipients of the oldest red-cell
concentrates was due to an increased baseline risk rather than to an effect of red-cell storage.
In turn, this implies that aged red-cell units might have been differentially distributed among
patients at low and high risk of dying. Careful adjustments for number and types of
transfusions, hospital, calendar period, season, weekday, and blood group should have taken
care of most unintended links between prognosis and age of the allocated concentrates.
Further, adjustment for broad categories of indications is likely to have reduced – albeit not
eliminated – confounding by indication. We were unable to adjust directly for disease
severity because we did not have access to the same richness of clinical variables as in some
previous investigations.8, 22 However, the current and historical practice of primarily
choosing the oldest available unit of the appropriate blood group, leaves little room for a
positive association between disease severity and the age of the transfused units. This is well
demonstrated by the lack of associations between storage time and most clinical variables in
previous investigations.8, 22 Even so, our data supports the presence of some residual
confounding, the nature of which is purely conjectural. Therefore, we believe that any
excess mortality truly caused by the transfusion of 30-42 day-old red-cell concentrates, if at
all existing, was inflated by undocumented confounding by indication. Consequently, any
true effect of red-cell storage on mortality is likely to be less than 5 percent in Sweden and
Denmark.

Although we did conduct sub-analyses in some special patient groups, the patients in our
overall analyses may not be entirely comparable to those investigated in previous studies,
which were all conducted either in the critically ill,9-11, 14-21, 27 or in other special patient
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populations,7, 8, 12, 22-27 and for the most part in the United States or Canada. While the
inclusion of the majority of transfusions in two countries over 7 years strengthens the
external validity of our study, it remains difficult to make too detailed comparisons between
our findings and those of previous investigators. That said, however, it seems clear that
whereas the majority of previous investigators have found associations between storage time
and adverse outcomes,13-27 we see only a weakly increased mortality in our total patient
population, and no significantly raised mortality in the special patient subgroups we
examined. Furthermore, the small overall risk was evident only among the recipients of the
units stored the longest, and seemed more consistent with confounding rather than a true
effect.

With more than 400,000 transfusion episodes and 100,000 events the material allows a finer
categorization of storage time, permits elaborate multivariable modeling with adjustment for
essentially all of the potential confounding claimed to have distorted the hitherto largest
investigation,1, 22, 29 and offers unprecedented statistical precision with prevailing
generalizability. Nonetheless, statistical power was insufficient to exclude weaker
associations in small groups undergoing specialized treatments. As the study was based on
mortality alone, we may have overlooked associations with non-fatal clinical outcomes.
However, essentially identical hospital stay in all exposure groups makes this less likely.

A key strength of this study is the unbiased exposure and outcome ascertainment. We chose
to establish four mutually exclusive exposure categories, whereby a sizable number of
patients were excluded due to having received units of mixed storage time. Although
inefficient from a statistical viewpoint, this scheme is robust as storage time is invariably
successively higher in each category. We therefore based the main analyses on this system.
Nevertheless, it is reassuring that sensitivity analyses with alternative exposure classification
confirmed our results, and that similar results were obtained in supplementary analyses
including also patients from the smallest hospitals and recipients of ABO non-identical units
produced very similar results. Admittedly, the study was by definition retrospective, but it
must be emphasized that all the data was prospectively collected and computerized, and the
study is consequentially less susceptible to the types of bias commonly associated with
retrospective studies.

Clearly, the confidence in causal inference based on observational study results is limited,
despite tight adjustments for the majority of previously implicated confounding factors.1, 29

While a randomized trial is the preferred study design to assess an intervention, an effect as
small (but clinically important) as the 5% we have observed suggests that very large trials
will be needed to provide convincing evidence.

In conclusion, this large study showed a 5 percent excess mortality confined exclusively to
recipients of red-cell concentrates stored for 30 days or more. The observed excess in this
group, which remained constant across follow-up but attained statistical significance only in
the long-term follow-up, seemed more compatible with a higher baseline risk among the
recipients of the very oldest units than with an actual deleterious effect of the old units per
se. Thus, confounding may have inflated any true effect of older red-cells, and the true
effect, if any, in the combined Swedish and Danish transfusion recipient population is likely
to be less than what was observed in this investigation. At any rate, the excess is
considerably smaller than in the hitherto largest investigation,22 and seems more compatible
with recently published reviews articles which have concluded that the evidence supporting
an association between longer storage and adverse clinical outcomes is scarce.1, 13, 29
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Figure 1.
Reasons for exclusion, and number of patients excluded from the study population.
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Figure 2.
Graphical comparison of short- and long-term relative risks of death with 95 percent
confidence intervals, estimated from categorical analyses of exclusive exposure categories
(boxes with error bars) and from cubic spline analyses (solid lines with shaded confidence
bands). Panel A shows results from short-term analyses with a 1-day exposure period and an
overlapping 7-day follow-up. Panel B shows results from long-term analyses with a 7-day
exposure period and 2-year follow-up period.
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Table 2

Short- and long-term relative risk of death following blood transfusion in relation to storage time of
administered red-cell concentrates, presented overall, for the elderly and for patients undergoing coronary
artery by-pass graft surgery or extracorporeal circulation.

All patients

Day 1 through 7 Day 8 through 730

Storage age Events/Person-years Hazard ratio (95% CI)* Events/Person-years Hazard ratio (95% CI)*

0-9 days 3,338/1,951 0.96 (0.91-1.00) 23,218/115,369 1.01 (0.99-1.02)

10-19 days 4,932/2,647 1.00 (ref) 31,610/154,141 1.00 (ref)

20-29 days 2,099/1,201 1.01 (0.96-1.06) 13,495/67,103 0.99 (0.97-1.01)

30-42 days 1,101/619 1.05 (0.97-1.12) 7,322/34,292 1.05 (1.02-1.08)

Mixed age 2,808/1,204 0.98 (0.93-1.04) 29,626/146,751 1.03 (1.02-1.05)

Patients aged 70 or older

Day 1 through 7 Day 8 through 730

Storage age Events/Person-years Hazard ratio (95% CI)* Events/Person-years Hazard ratio (95% CI)*

0-9 days 2,191/1,053 0.97 (0.92-1.03) 8,531/57,368 1.01 (0.98-1.03)

10-19 days 3,265/1,477 1.00 (ref) 12,451/79,984 1.00 (ref)

20-29 days 1,411/681 1.01 (0.94-1.08) 5,377/35,678 0.98 (0.96-1.00)

30-42 days 748/363 1.03 (0.94-1.12) 3,029/18,966 1.04 (1.00-1.07)

Mixed age 1,779/648 0.99 (0.93-1.06) 10,394/76,597 1.03 (1.00-1.05)

Patients undergoing coronary artery by-pass graft surgery

Day 1 through 7 Day 8 through 730

Storage age Events/ Person-years Hazard ratio (95% CI)* Events/ Person-years Hazard ratio (95% CI)*

0-9 days 139/135 0.94 (0.72-1.16) 200/9,479 1.09 (0.94-1.28)

10-19 days 167/160 1.00 (ref) 196/11,186 1.00 (ref)

20-29 days 74/72 1.11 (0.84-1.46) 73/4,629 1.00 (0.82-1.22)

30-42 days 29/36 1.08 (0.71-1.64) 45/2,332 1.10 (0.85-1.42)

Mixed age 190/81 1.06 (0.85-1.33) 308/12,164 1.02 (0.88-1.18)

Patients requiring extracorporeal circulation

Day 1 through 7 Day 8 through 730

Storage age Events/Person-years Hazard ratio (95% CI)* Events/Person-years Hazard ratio (95% CI)*

0-9 days 179/151 1.01 (0.81-1.26) 224/10,450 1.06 (0.91-1.23)

10-19 days 194/166 1.00 (ref) 206/11,389 1.00 (ref)

20-29 days 87/72 1.13 (0.88-1.46) 67/4,573 0.92 (0.75-1.12)

30-42 days 34/37 1.03 (0.70-1.50) 40/2,338 0.92 (0.70-1.20)

Mixed age 256/91 0.98 (0.80-1.20) 345/13,618 1.00 (0.87-1.14)

CI denotes confidence interval.
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*
Estimated using Cox proportional hazards regression, adjusted for number of transfusions, age, sex, blood group, calendar period, season,

weekday, hospital and indication.
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Table 3

Short- and long-term relative risk of death following blood transfusion in relation to storage age of
administered red-cell concentrates, among recipients of leukocyte depleted units only.

Day 1 through 7 Day 8 through 730

Storage age Events/ Person yrs Hazard ratio (95% CI)* Events/ Person yrs Hazard ratio (95% CI)*

0-9 days 768/504 0.88 (0.79-0.97) 2,691/26,778 0.98 (0.94-1.02)

10-19 days 750/473 1.00 (ref) 2,379/20,152 1.00 (ref)

20-29 days 280/189 0.94 (0.82-1.08) 847/6,768 0.96 (0.90-1.02)

30-42 days 182/105 1.10 (0.93-1.31) 481/3,587 1.00 (0.93-1.08)

Mixed age 421/194 0.96 (0.84-1.09) 1,706/17,836 1.00 (0.95-1.04)

CI denotes confidence interval.

*
Estimated using Cox proportional hazards regression, adjusted for number of transfusions, age, sex, blood group, calendar period, season,

weekday, hospital and indication.
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Table 4

Cause-specific relative risk of death, according to ICD chapter, following blood transfusion comparing
recipients of old to recipients of fresh red-cell concentrates.

Day 1 through 7 Day 8 through 730

Cause of death (Chapter)

No. deaths in
recipients of old/

recipients of
fresh units*

Hazard ratio (95%
CI)†

No. deaths in
recipients of old/

recipients of
fresh units*

Hazard ratio (95%
CI)†

Infectious diseases (I) 26/108 1.06 (0.66-1.69) 35/215 0.95 (0.65-1.39)

Neoplasms (II) 262/1267 1.01 (0.88-1.17) 1496/7916 1.01 (0.96-1.08)

Endocrine and nutritional diseases (III) 6/39 0.84 (0.33-2.12) 24/108 0.87 (0.54-1.40)

Diseases of the blood and blood-forming
organs (IV) 22/81 1.17 (0.70-1.96) 96/411 1.26 (0.99-1.60)

Mental and behavioural disorders (V) 4/42 ** 101/415 1.25 (0.99-1.57)

Diseases of the central nervous system and
sensory organs (VI) 9/43 0.87 (0.40-1.88) 61/265 1.17 (0.86-1.58)

Diseases of the circulatory system (VII) 376/1917 1.08 (0.96-1.21) 1295/6648 1.04 (0.98-1.11)

Diseases of the respiratory system (VIII) 48/248 0.94 (0.67-1.30) 190/1123 0.91 (0.77-1.07)

Diseases of the digestive system (IX) 159/777 1.13 (0.94-1.36) 137/751 1.11 (0.91-1.35)

Diseases of the genitourinary system (X) 10/65 0.61 (0.30-1.24) 73/287 1.30 (0.98-1.71)

Diseases of the pregnancy and childbirth (XI) 0/2 ** 0/0 **

Diseases of the skin and subcutaneous tissue
(XII) 0/17 ** 8/38 0.99 (0.43-2.27)

Diseases of the musculoskeletal system and
connective tissue (XIII) 9/51 0.86 (0.41-1.84) 29/145 1.05 (0.68-1.61)

Other diseases (XVI) 2/30 0.54 (0.12-2.38) 36/236 0.93 (0.64-1.36)

External causes of mortality (XVII) 88/482 1.09 (0.85-1.39) 144/771 1.15 (0.95-1.39)

CI denotes confidence interval; ICD denotes international classification of disease.

*
The numerator on each row represents the number of deaths from that cause among recipients of old units and the denominator the number of

deaths among recipients of old units. A total of 32,855 and 140,619 patients were available for analysis on short term among recipients of old and
fresh units, respectively, and for long term a total of 25,897 and 113,953 for recipients of old and fresh units, respectively.

†
Estimated using Cox proportional hazards regression, adjusted for number of transfusions, age, sex, blood group, calendar period, season,

weekday, hospital and indication. Comparing recipients of “old units” (30-42 days) to recipients of “fresh units” (10-19 days).

**
Models not run.
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Table 5

Short- and long-term relative risk of death following blood transfusion in relation to number of transfusions of
red-cell concentrates that were stored for 30-42 days.

Day 1 through 7 Day 8 through 730

No. units stored 30-42 days Events/ Person-years Hazard ratio (95% CI)* Events/ Person-years Hazard ratio (95% CI)*

No units 11,939/6,469 1.00 (ref) 89,464/441,256 1.00 (ref)

1-2 units 1,766/914 1.04 (0.99-1.10) 12,734/60,945 1.03 (1.01-1.05)

3-4 units 330/176 1.10 (0.96-1.26) 2,317/11,505 1.04 (0.99-1.08)

≥5 units 243/63 1.14 (0.95-1.37) 756/3,951 1.00 (0.92-1.07)

CI denotes confidence interval.

*
Estimated using Cox proportional hazards regression, adjusted for number of transfusions, age, sex, blood group, calendar period, season,

weekday, hospital and indication.
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