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Purpose: To determine, retrospectively, the age of packed red blood cell (PRBC) units transfused to patients 
admitted to the ICU with the diagnosis of severe sepsis and to correlate this variable with outcome. 
Methods:  All patients admitted to the ICU during 1992 with a diagnosis of severe sepsis were selected retro- 
spectively. The criteria for the diagnosis of severe sepsis and septic shock were based on established guidelines. 
For each patient the total number of PRBC units transfused, the number of units transfused before, during and 
after the septic episode, and the age of each PRBC unit transfused were recorded. 

Results: Of the 31 patients admitted to the ICU with severe sepsis, 19 died and 12 survived. No statistical dif- 
ferences between survivors and nonsurvivors were found with respect to age, sex, number of days in ICU, dura- 
tion of sepsis, incidence of septic shock, admission Apache II score or total number of PRBC units transfused. 
During sepsis the median age of PRBC units transfused to survivors was 17 days (range 5-35) vs 25 days (range 
9-36) for nonsurvivors (P < 0.000 I). A negative correlation (r = -0.73) was found between the proportion of 
PRBC units of a given age transfused to survivors and increasing age of PRBC. 

Conclusion: This is the first study to report a correlation of mortality with the age of PRBC transfused. The 
cause of this association is unclear. If this association is confirmed by a prospective randomised trial it would have 
major implications for the use of PRBC in severe sepsis. 

Ob jec t i f  : DEterminer rEtrospectivement I'~ge des concentrEs Erythrocytaires (CE) transfuses ~ des patients 
admis ~ I'unitE des soins intensifs (USI) avec un diagnostic de sepsis grave et vEriJier si cette variable a une cor- 
relation avec le devenir des patients. 

M & h o d e s  : Tousles patients admis ~ I'USI en 1992 avec un diagnostic de sepsis grave ont fait I'objet de cette 
recherche retrospective. Les signes et sympt6mes usuels ont servi ~ Etablir les critEres de sepsis grave et de choc 
septique. Pour chacun des patients la quantitE totale des CE transfuses, le nombre de CE transfuses avant, pen- 
dant et aprEs I'Episode septique et I'~ge de chaque CE transfuse ont EtE enregistrEs. 

R~u l t a t s  : Parmi les 31 patients admis ~ I'USI pour sepsis grave, 19 sont dEcEdEs et 12 ont surv&u. II n'y avait 
pas de difference statistique entre survivants et non survivants en rapport ~ I'~ge, le sexe, la durEe du sEjour 
I'USI, la durEe du sepsis, I'incidence du choc septique, le score APACHE II ~ I'admission et le nombre de CE trans- 
fuses. Au cours du sepsis, I'~ge median des CE transfuses Etait de 17 jours (Ecart 5--35) vs 25 jours (&art 9-39) 
pour les non survivants (P < 0,0001). On a trouvE une correlation negative (r = -0,73) entre la proportion de 
CE d'un ~ge dEterminE transfuse aux survivants et I'accroissement de I'~ge des CE. 

Conclusion : II s'agit ici de la premiere Etude concluant ,~ une correlation avec I'~-ge des CE transfuses. La rai- 
son de cette association n'est pas claire. Si une Etude alEatoire prospective parvient ~ confirmer cette assertion, 
elle aurait des repercussions majeures sur la transfusion de CE darts }e sepsis grave. 
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T 
HERE are no reports correlating clinical 
outcome with the age of  packed red blood 
cells (PRBC) transfused in critically ill 
patients. The currently accepted limit of 35 

days for PRBC storage was derived from in vitro rheo- 
logical and metabolic indices and post-transfusion ery- 
throcyte survival percentages) Clinical trials to support 
tiffs limit have not been performed. Increased rates of 
infection, multi-organ dysfunction syndrome and mor- 
tality have been associated with PRBC transfusion in 
critically iH patients, 2,s but immunological mechanisms 
were postulated as the likely cause and the age of  the 
PRBC units was not considered. These studies have 
been controversial in that PRBC transfusion may be a 
marker for severity of  ilk ;ss and not an independent 
predictor of outcome. However, thcrc arc two studies 
suggesting that the age of blood transfused to critically 
ill patients may influence the physiological response to 
t ransfus ion  4 and the clinical outcome, s 

The changes that occur with storage of  red blood 
cells are well documented and include both reversible 
and irreversible alterations. 1 These changes include 
decreased levels of  2,3-DPG and altered red blood cell 
rheology both of  which may adversely affect oxygen 
delivery to, and oxygen uptake by, tissues. Though it 
is not common practice, it has been recommended 
(based on 2,3-DPG depletion studies) that patients 
with a compromised circulation should not receive 
PRBC units older than 14 days) We hypothesised that 
mortality might be influenced by the transfusion of  
older PRBC in septic ICU patients. Therefore, we 
determined, retrospectively, the age of  PRBC trans- 
fused in a group of  septic ICU patients and deter- 
mined its relationship to survival. 

Methods 
All patients admitted to the ICU during the calendar 
year 1992 with a diagnosis of severe sepsis were select- 
ed retrospectively from the data base of  our tertiary 
care, multidisciplinary, adult ICU. Study design was 
approved by the UBC Clinical Screening Committee 
for Research Involving Human Subjects. Patients devel- 
oping severe sepsis after ICU admission could not be 
included since the ICU data base recorded only the 
admission diagnosis. The criteria for the diagnosis of  
severe sepsis arid septic shock were based on established 
guide l ines  6 (Table I). The earliest time at which the cri- 
teria for sepsis were met was identified from each record 
and was considered to be the onset of the septic 
episode. Resolution of sepsis was defined arbitrarily and 
prospectively as at least 48 hr of  failure to meet the cri- 
teria for sepsis. Infection was confirmed by the finding 
of  a clinically appropriate culture-positive site of  infec- 

tion. Outcome was determined on discharge from the 
ICU. For each patient the following data were record- 
ed: age, sex, outcome, number of  days in hospital, nuna- 
bet of  days in ICU, admission APACHE II score, 
admission diagnosis, focus of infection, organism(s) cul- 
tured, duration of  sepsis, inotrope use, total number of  
PRBC units transfused, the number of  milts transfused 
before, during and after the septic episode, and the age 
of  each PRBC unit transfused. The storage medium for 
all PRBC was CPDA-1. Indications for transfusion were 
based on the clinical judgment of  the ICU attending 
physician. 

Group differences were analysed by Mann-Whitney 
tests while proportional data were compared using 
c h i - s q u a r e  t e s t s  o r  F i s h e r ' s  e x a c t  t e s t s  as a p p r o p r i a t e .  

Linear regression analysis was performed on the pro- 
portion of PRBC units of  a given age transfused to 
survivors. Differences were considered significant at 
P < 0.05. Bonferroni's correction was applied when 
appropriate to adjust for multiple comparisons. 
Because data were not  normally distributed, restdts are 
reported as medians and range. 

TABLE I Definitions 

1) Definitions from the American College of  Chest 
Physicians/Society of  Critical Care Medicine Consensus 
Conference on sepsis and organ failure 1992. 6 

Sepsis: The systemic response to infection. This systemic response is 
manifcsted by two or more of  the following conditions as a result o f  
infection: 

Temperature >38~ or <36~ 
Heart  ?ate >90 bpm 
Respiratory rate >20 breaths.rain q or PaC02 <3 mmHg (<4.3 kPa) 
WBC >12,000 cells.ram -s, <4000 cells.mm -s or >10% immature 

(band) forms 

Severe Sepsis." Sepsis associated with organ dysfunction, hypoperfu- 
sion, or hypotension. Hypoperfusion and perfusion abnormalities 
may include, but are not  limited to lactic acidosis, oliguria, or an 
acute alteration in mental status. 

Septic Shock: Sepsis with hypotension, despite adequate fluid resus- 
citation, along with the presence of  perfusion abnormalities that 
may include, but are not limited to, lactic acidosis, oliguria, or an 
acute alteration in mental status. Patients who are on inotropic or 
vasopressor agents may not  be hypotensive at the time that perfu- 
sion abnormalities are measured. 

Hypotension: A systolic BP o f  <90 mm Hg or a reduction of  >40 
m m H g  from baseline in the absence of  other causes for h3q~otension. 

Multiple Organ Dyoq~netion Syndrome: Presence of  altered organ 
function in an acutely ill patient such that homeostasis cannot be 
maintained without intervention. 

2) Definitions made for this study. 

Onset of Sepsis: The time when the criteria for sepsis are first met. 

Resolution of Sepsis: The time when the criteria for sepsis are absent 
for 48 consecutive hours. 
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TABLE II Clinical characteristics of 31 adult patients admitted to ICU with severe sepsis. 

Age* Sex APACHE II  Score* Number with septic Days in ICU* 
(yr) (male/female) shock 

Survivors 66( 19-84 ) 7 /5  31(18-45) 9 5 (2-104 ) 
(n = 12) 
Nonsurvivors 61(16-81) 10/9 33(20-55) 16 4(1-216) 
(n = 19) 
P 0.56 0.76 0.06 0.65 .27 

*median(range) 

"FABLE III  Number and age of PRBC units transfused to septic patients. 

During Hospital Admission During Septic Episode * 
Number of units Age of units Number of units Age of units 
tran~q~sed/patient (days) rranoCused/patient (days) 

survivors 6(1-98) 21(5-35)[18-23] 5(2-70) 17(5-35)[16--19] 
nonsurvivors 10(2-103) 24(7-36)[23-26] 8(2-103) 25(9-36)[23-27] 
P 0.21 <0.0001 0.21 <0.0001 

Values ,are median(range)[95% CI] 
"results do not include two survivors who did not receive PRBC during sepsis 
PRBC, packed red blood cells 

Results 
Of 32 patients admitted to the ICU during 1992 with 
the diagnosis of  severe sepsis, 31 received PRBCs dur- 
ing their hospital admission and formed the study 
group. Of  these 31 patients (Table II) 19 died, with all 
deaths occurring during sepsis and in the ICU. Twelve 
patients survived to be discharged from hospital. 
Twenty-six patients had positive blood cultures, nine 
were survivors (75%), and 17 were nonsurvivors (89%). 
The criteria for septic shock were met by nine (75%) 
survivors and 16 (84%) nonsurvivors. One nonsurvivor 
was discharged from the ICU only to be readmitted 
with severe multisystem organ failure from which he did 
not recover. At no time did this patient meet our crite- 
ria for resolution of  sepsis so this was judged as a single 
septic episode. There were no differences between sur- 
vivors and nonsurvivors with respect to age, sex, days in 
ICU, duration of  sepsis, incidence of  septic shock, or 
APACHE II score, although the latter approached sig- 
nificance (P = 0.06). 

A total of 555 PRBC units were transfused during 
hospital admission to the 31 study patients. Ninety 
seven PRBC units were transfused before the onset of  
sepsis, 447 dtmng sepsis and 11 units after resolution of 
sepsis. The latter were too few to analyse. While there 
was no difference in the total number of  units of  PRBC 
transfused to survivors and nonsurvivors (Table III), 
there was a difference (P < 0.0001) with respect to the 
age of  PRBC units transfused during hospitalisation 

between survivors (median 21 days) and nonsurvivors 
(median 24 days, Table III). Further analysis showed 
that there was no difference between survivors and 
nonsurvivors in age of  PRBC units transfused before 
the onset of sepsis (P= 0.92), but there was a difference 
in the age of PRBC milts transfused during sepsis. 
When only those PRBC units transfused during sepsis 
were considered (excluding two survivors who did not 
receive transfusions while septic), the median age 
of  PRBC units transfused to survivors was 17 days 
compared with 25 days in nonsurvivors (P < .0001, 
Table III). The association between mortality and the 
age of  PRBC units remained when two patients who 
received >90 units were excluded (median 16 vs 19 
days, P = 0.0014). The association was also present, but 
not statistically significant with Bonferroni's correction, 
when only those patients (five survivors and four non- 
survivors) who received five or fewer units during sep- 
sis were considered (median 23 vs 29.5 days, P--- .12). 

When analysed from a different perspective, the pro- 
portion of PRBC units < 16 days of  age transfused dur- 
ing sepsis to survivors was 79/163 (48%) vs 75/284 
(26%) to nonsurvivors (Figure 1, P < 0.0001). To 
examine this difference further, PRBC units given dur- 
ing sepsis were grouped by age and in each age group 
the proportion of  PRBC transfused to survivors and 
nonsurvivors was determined (Figure 2). Although 
PRBC of ages 10-20 days were evenly distributed 
among survivors and nonsurvivors, survivors received a 
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greater proportion of  PRBC <10 days old (85%) while 
nonsurvivors received a greater proportion of  PRBC 
>20 days old (76%). Linear regression analysis o f  the 
proportion of  PRBC units of  a given age transfused to 
survivors against the age of  those units demonstrated a 
negative correlation (r = -.73, P < .0001). 

F I G U R E  1 Proportion o f  PRBC units o f  different age transfused 
to survivors and nonsurvivors during sepsis 

(P< .0001). n = number of  PRBC units in each subgroup. 

F I G U R E  2 Proportion of  PRBC units in different age strata 
transfused during sepsis in survivors and nonsurvivors. Under  each 
age stratum, the summation of  the proportions transfused to sur- 
vivors and nonsurvivors equals one. 

Discussion 
This is the first study to report an association between 
mortality and the age of  PRBC units transfused in crit- 
ically ill patients. While this is an important subject for 
further investigation, the association cannot be consid- 
ered proven or causal. Several limitations of  this prelim- 
inary study must be acknowledged. The study is small 
and retrospective with neither randomisation nor con- 
trol over the age of  PRBC units transfused. Individual 
patients often received PRBC units with a wide age 
range and over a variable time. A few patients received 
a large number of  PRBC units. Despite these limita- 
tions, the association of  mortality with the age of  PRBC 
units transfused which we have described is compatible 
with the known changes in PRBC which occur with 
storage, 1 and is supported by a recent publication 
reporting increased mortality in a septic rat model fol- 
l o ~ n g  transfusion with older stored red blood cells. 7 
Further indirect support for possible adverse effects of  
transfusion of  older PRBC is provided by the report 
that older PRBC units did not improve splanchnic per- 
fusion (as assessed by ultramucosal gastric pH) in septic 
patients, 4 and that increased ICU length of  stay is asso- 
ciated with the transfusion of  older PRBC. s 

Our study provides no information about the possi- 
ble cause(s) for the association which we have described. 
However, altered regional and microcirculatory blood 
flow and oxygen utilisation are believed to be central to 
the development of  organ dysfunction in sepsis, s This 
may be due in part to sepsis-induced rheologic changes 
in blood cells. 9,1~ The changes in erythrocytes during 
storage, many of which are irreversible, have been well 
documented and include decreased deformability, sur- 
face area and fluidity, with increased viscosity and serial 
enzyme, membrane protein and ion changes. Oxygen 
affinity is increased due to depletion of  2,3-DPG. 1 
Transfusion of  PRBC, while increasing global oxygen 
delivery during sepsis,-may not improve regional blood 
flow 4,11 and transfusion older PRBC units may not be 
associated with increased oxygen uptake. 6 One plausible 
hypothesis is that, in the septic patient, the decreased 
deformability and increased oxygen affinity of  transfused 
older PRBC results in decreased splancl'mic blood flow 
and oxygen utilisation. This may lead to increased gut 
permeability to bacteria and/or  bacterial by-products 
with a resultant intensification of  the septic response. 

Another possible explanation for the association 
reported here is that the number of  PRBC units trans- 
fused and/or  the duration of  storage resulted in increased 
immunosupression. Enhanced kidney graft survival, 12 
increased tumour recurrencO s,14 and increased rates of  
post-operative infection Is-19 have all been reported fol- 
lowing PRBC transfusion. While plasma has been shown 
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to have immunomodulatory effects, the primary cellular 
constituent of  PRBC units responsible for immtmosu- 
pression may be white blood cells. 19a~ Leucocyte deple- 
tion greatly attenuates the immunosupressive effect of  
PRBC transfusion. 19~~ The PKBC units in our study were 
not leucocyte depleted. Increasing mitogenic activity 21 
and histamine release 22 have both been associated with 
PRBC storage time but there is some evidence to suggest 
that the inamunosupressive effect of  PRBC may be maxi- 
mal at two weeks of  storage and that PRBC units stored 
for greater than three weeks may have tittle immunosu- 
pressive effect. 23 If  this is true it suggests that immunosu- 
pression was not responsible for the association reported 
in our study since, on this basis, patients receiving older 
PRBC units should have been less immunocompromised. 

Confounding (and possibly interacting) variables 
which we could not  separate out  in this study may 
account for the association which we have described. 
For example, the patients that died received a greater 
number of  PRBC units ( though this was not  statisti- 
cally significant). This could be either a marker for 
severity o f  illness (APACHE II scores also tended to 
be higher in nonsurvivors) or the larger transfusion 
load could have had an adverse effect on outcome. 
Similarly subtle interactions between the severity of  ill- 
ness and length of  stay in survivors and nonsurvivors 
might have resulted in the latter receiving more PRBC 
units over a longer time period. Because blood bank 
policy releases older PRBC units first, this could have 
resulted in nonsurvivors receiving a greater propor- 
tion of  older PRBC units, and hence the relationship 
which we have described. 

Few general inferences can be drawn from this 
study which was confined to adult ICU patients 
admitted with the diagnosis of  severe sepsis. Whether 
other patient groups would show a similar association 
is unknown. Similarly, no deduction can be made as to 
what constitutes an acceptable duration of  PRBC stor- 
age for the septic patient. However, review of  studies 
measuring 2,3-DPG depletion during PRBC storage 
has led to the recommendation that in patients with 
compromised circulation PRBC storage for 14 days 
or less may be preferred. 1 This recommendation is 
supported by our findings and by those previously 
reported .4,5 

The association we have described between mortal- 
ity and age o f  PRBC transfusion, if confirmed by a 
prospective randomised study, would have major 
implications for blood banking and the use of  PRBC 
in the critically ill septic patient. Further studies are 
urgently needed to confirm or refute this association 
and to determine whether or not  there are deleterious 
effects from the transfusion of  older PRBC units. 
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