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Abstract
Background—The exact role of packed red blood cell (PRBC) transfusion in the setting of early
resuscitation in septic shock is unknown.

Study Objective—To evaluate whether PRBC transfusion is associated with improved central
venous oxygen saturation (ScvO2) or organ function in patients with severe sepsis and septic
shock receiving early goal directed therapy (EGDT).

Methods—Retrospective cohort study (n=93) of patients presenting with severe sepsis or septic
shock treated with EGDT.

Results—34/93 patients received at least one PRBC transfusion. The ScvO2 goal >70% was
achieved in 71.9% of the PRBC group and 66.1% of the no PRBC group (p = 0.30). There was no
difference in the change in Sequential Organ Failure Assessment (SOFA) score within the first 24
hours in the PRBC group vs. the no PRBC group (8.6 to 8.3 vs. 5.8 to 5.6, P = 0.85)’ time to
achievement of CVP >8 mmHg (732 minutes vs. 465 minutes, p = 0.14)’ or the use of
norepinephrine to maintain MAP >65 mmHg (81.3% vs. 83.8%, p = 0.77).

Conclusions—In this study, the transfusion of PRBC was not associated with improved cellular
oxygenation, as demonstrated by a lack of improved achievement of ScvO2 >70%. Also, the
transfusion of PRBC was not associated with improved organ function, or improved achievement
of the other goals of EGDT. Further studies are needed to determine the impact of transfusion of
PRBC within the context of early resuscitation of patients with septic shock.
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INTRODUCTION
Sepsis is a common, lethal, and expensive health care problem. In the United States
approximately 215,000 deaths are attributed to sepsis annually (1). More people die annually
of sepsis than of lung and breast cancer combined. This results in over 380,000 ICU
admissions yearly, and an enormous economic burden of over 17 billion dollars (1). The
incidence of sepsis is estimated to be increasing steadily at 1.5% annually, with over 1.1
million cases per year by 2020 (1).

Significant improvements in mortality have been shown with an early, quantitative
resuscitation strategy for those patients with severe sepsis and septic shock (2). Similar
results have been reproduced by many studies, involving thousands of patients, and early
goal directed therapy (EGDT) as a protocolized resuscitation strategy has been
recommended by professional organizations to reduce the mortality from sepsis (3,4). The
therapeutic endpoints of EGDT include maintaining a central venous pressure (CVP) of 8–
12 mmHg, mean arterial pressure (MAP) ≥ 65 mmHg, urine output (as marker of end organ
perfusion) of ≥ 0.5 co/kg/hour, and mixed venous oxygen saturation (ScvO2) ≥ 70%.

In the setting of optimized preload, packed red blood cell (PRBC) transfusion is
recommended for perceived ongoing oxygen delivery (D02) versus oxygen consumption
(V02) mismatch, as manifested by an ScvO2 < 70%, if the hematocrit is <30%. This is
based on the physiologic rationale of anemia in the setting of potential delivery dependent
oxygen consumption. Unfortunately, serious doubt has been cast on the ability of stored
PRBCs to have a beneficial effect on cellular oxygenation (5–8). Due to changes occurring
at the cellular level during PRBC storage, there may be equally compelling physiologic
rationale to not transfuse PRBC in the early stages of septic shock. The aim of this study
was to examine the association of PRBC transfusion and ScvO2, change in organ function,
as well as the achievement of the other goals of EGDT.

MATERIALS AND METHODS
This single-center retrospective cohort study was conducted in a large, urban, academic
teaching hospital, with an annual Emergency Department (ED) census of approximately
56,000 patients and a 30 bed medical–surgical intensive care unit (ICU). The study protocol
was approved by the local institutional review board with waiver of informed consent.

Data were collected on 93 consecutive patients who presented in septic shock and received
EGDT. The trigger for EGDT at our institution is systolic blood pressure (BP) less than 90
mmHg or mean arterial pressure (MAP) less than 65 mmHg despite a crystalloid challenge
of 20–30 ml/kg, or initial serum lactate concentration greater than 4 mmol/l. For the purpose
of this study, patients were divided into two groups: PRBC transfusion group and no PRBC
transfusion group.

We collected data on patients identified via the Surviving Sepsis Campaign Chart Review
database and linked to Project IMPACT database. Primary data collection was done by two
abstractors (MG and CS). CS has had extensive experience and training in database
management and chart review. MG was trained in the data retrieval process prior to study
initiation. Variables were defined prior to data extraction and placed in a standardized
format during the data collection process. Regular meetings and monitoring of data
collection were performed and the chart reviewers were blinded to study hypothesis. The
following data were collected with respect to PRBC transfusion group and no PRBC
transfusion group: age, gender, race, Acute Physiology and Chronic Health Evaluation
(APACHE II) score, initial lactate level, estimated time to first antibiotic (measured from
time to recognition of septic shock), total intravenous fluids (IVF) administered, first

Fuller et al. Page 2

J Emerg Med. Author manuscript; available in PMC 2013 October 01.

$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text



vasoactive medication given, Sequential Organ Failure Assessment (SOFA) score, estimated
time to central venous pressure goal (CVP 8ET), and achievement of central venous mixed
oxygen saturation (SCVO2) ≥ 70%.

The primary outcome measure was the achievement of ScvO2 ≥ 70%. Secondary outcomes
included improvement in SOFA score, achievement of CVP > 8 mmHg, and use of
vasoactive medications to achieve MAP >65 mmHg. The PRBC group and no PRBC group
were compared by the Pearson chi-square and Fisher’s exact test to analyze statistical
significance. Statistical significance was defined as p ≤ 0.05.

RESULTS
A total of 93 patients were included in this study. 97% of patients in the PRBC group
originated in the ED prior to ICU admission, compared with 94.9% of patients in the no
PRBC group (p = NS). 34 patients received PRBC transfusion as part of EGDT, with an
average of 4.56 units per patient early (ordered during the first 6 hours and administered
within 24 hours) in their resuscitation. There were no significant differences in baseline
characteristics between the two groups, except for SOFA score at time of presentation
[Table 1]. Average age was 63.5 years in the PRBC group and 59.3 in the no PRBC group (p
= 0.199). There were no significant differences in gender or race distributions. Baseline
APACHE II score was 21.1 in the PRBC group and 20.3 in the no PRBC group (p = 0.682).
Initial lactate was 6.0 and 5.4, respectively (p = 0.463), and initial ScvO2 in the two groups
was 66.2 and 64.3 (p= 0.821). There was also no significant difference in estimated time to
administration of broad spectrum antibiotics, at 165 minutes for the PRBC group and 155
minutes for the no PRBC group.

Patients receiving PRBC transfusion received significantly more intravenous fluids during
the initial resuscitation period of six hours, as well as over the first 72 hours of their ICU
stay (p < 0.05). There was no difference in the use of norepinephrine to maintain MAP goal
of 65 mmHg between the two groups (81.3% PRBC group vs. 83.8% no PRBC group, p =
0.770). There was also no difference between the PRBC group and no PRBC group with
respect to improvement in organ function (p = 0.851)’ minutes to achievement of CVP goal
(732.0 vs. 465.3, P = 0.135), or change in ScvO2 (4.5% vs. 3.1%, p = 0.625). With regard to
the primary outcome, PRBC transfusion was not associated with the achievement of ScvO2
goal (82.3% vs. 69.5%, P = 0.301) [Table 2].

DISCUSSION
Anemia in critical illness is common, and the majority of patients admitted to the ICU will
be anemic early on in their ICU course (9–12). This is caused by a myriad of factors,
including bone marrow dysfunction, erythropoietin deficiency and blunted erythropoietin
response, poor nutrition, iatrogenic blood loss, and active bleeding. Anemia is normally well
tolerated in healthy individuals, due to compensatory mechanisms, such as increased cardiac
output and increased oxygen extraction ratio. Secondary to limited physiologic reserves, the
critically ill patient typically cannot tolerate anemia as well, and published data point to
worse outcomes in these patients (13–17).

Transfusion of PRBC to correct anemia seems logical, given the consequences of anemia in
the setting of critical illness. Unfortunately, the great majority of clinical data states that
fixing anemia with PRBC transfusion may be harmful. Consistent data regarding PRBC
transfusion points to worsened clinical outcomes, such as infectious morbidity, organ
dysfunction, acute respiratory distress syndrome (ARDS), mechanical ventilation, and
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mortality (18–35). In the context of the limitations of these individual studies, the results
consistently demonstrate that the transfusion of PRBC is not a benign intervention.

Despite these concerns, EGDT calls for an increase in hematocrit to at least 30% in the
setting of perceived tissue oxygen deficit (2). With storage, PRBCs seem to lose functional
and structural capability to improve that tissue oxygen deficit. There is depletion of 2,3 DPG
and adenosine triphosphate (ATP), lipid peroxidation of the RBC membrane, loss of RBC
deformability, and loss of normal biconcave shape (36–43). The summation of these
changes leads to a red cell that is less efficient and less capable to traverse the
microcirculation and offload oxygen to improve cellular bioenergetics. This is reflected in a
lack of clinical data showing any improvement in the very parameters for which EGDT calls
for PRBC transfusion (44–51).

The current study is congruent with the existing body of literature, and also demonstrates the
inability of PRBC transfusion to improve cellular oxygenation. The initial ScvO2 levels in
this study are similar to previous data in septic patients (53–55), as well as the change in
ScvO2 associated with resuscitation (47, 56). Given the clinical data and known physiologic
alterations associated with stored PRBC, our findings are not surprising and further question
the rationale of transfusion in EGDT.

LIMITATIONS
The current study has several limitations. The small sample size makes drawing conclusions
difficult and the retrospective design has inherent limitations. Although we capture a robust
amount of data involving septic patients at our institution, we cannot exclude the possibility
of unaccounted or missing data, which may cause bias and undetected differences in
baseline characteristics. For example, the PRBC group received higher volumes of
intravenous fluids during their resuscitation. This could be reflective of a sicker baseline in
these patients, though this seems somewhat less likely given the similar APACHE scores,
lactate levels, and catecholamine similarities. Also, undetected treatment differences may
have existed and these differences may have affected outcome. A power analysis could not
be conducted prior to the study, as the data used was what was available to the authors at the
time. These facts, combined with the relatively small sample size in this trial make drawing
conclusions more difficult based on this trial alone. However, our data is consistent with
large, prospective trials, as well as retrospective and observational studies in this arena (5–8,
12,36,44–47,52).

CONCLUSION
In our study, the transfusion of PRBC was not associated with improvement in ScvO2-the
exact rationale for the administration of PRBCs in this clinical situation. Enough concern
exists that recommending a transfusion target in septic shock patients in the acute phase of
resuscitation should be revisited, as it is indeed possible that the benefits of early
resuscitation of septic shock patients may be lost by a liberal transfusion threshold. To our
knowledge, this is the first study to examine the effects of PRBC transfusion in the setting of
EGDT. This should serve as hypothesis generating for prospective trials evaluating PRBC
transfusion vs. no PRBC transfusion for patients receiving EGDT with ScvO2 values < 70%.
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ARTICLE SUMMARY

1. Why is this topic important? Severe sepsis and septic shock are common, lethal,
expensive, and encountered daily in the Emergency Department. Early,
quantitative resuscitation strategies can significantly reduce morbidity and
mortality in this setting. Unfortunately, the transfusion of PRBCs is not a benign
intervention, and the ability of stored PRBCs to improve physiologic endpoints
has been questioned.

2. What does this study attempt to show? This study investigates whether PRBC
transfusion improves central venous oxygen saturation (the exact reason
transfusion is called for during early goal directed therapy), or organ
dysfunction in the setting of severe sepsis and septic shock.

3. What are the key findings? PRBC transfusion not only did not improve central
venous oxygen saturation, but also failed to improve organ dysfunction, or
achievement of the other end points of early goal directed therapy.

4. How is patient care impacted? The benefit of PRBC transfusion should be
weighed cautiously against the potential for harm, as the ability of stored
PRBCs to improve physiologic endpoints is debatable.
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Table 1

Baseline characteristics

Variable PRBC (n = 34) No PRBC (n = 59) P value

Age (years) 63.5 59.3 0.199

Gender

 Male 22 (64.7%) 33 (55.9%) 0.512

 Female 12 (35.3%) 26 (44.1%)

Race

 Black 15 (44.1%) 22 (37.3%) 0.676

 Hispanic 3 (8.8%) 9 (15.3%)

 White 16 (47.1%) 27 (45.8%)

 Other 0(0%) 1 (1.7%)

APACHE II 21.1 20.3 0.682

Lactate (mmol/I) 6.0 5.4 0.463

Initial SOFA score 8.6 5.8 0.003

Initial ScvO2* 66.2 (11) 64.3 (12) 0.821

*
Values represent the mean (SD)
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Table 2

Resuscitation variables

Variable PRBC (n = 34) No PRBC (n = 59) Pvalue

Intravenous fluids* (I)

 0–6 hours 5.7 3.9 <0.05

 6–72 hours 17.6 13.0 <0.05

 Total 23.3 16.9 <0.05

Norepinephrine for MAP >65 mmHg 26 (81.3%) 31 (83.8%) 0.770

Δ SOFA Score (24 hours) 0.22 0.19 0.851

CVP > 8** (minutes) 732.0 465.3 0.135

SCVO2 ≥ 70%** 28 (82.3%) 41 (69.5%) 0.301

Δ SCVO2, %*** 4.5 (9) 3.1 (8) 0.625

*
All patients were resuscitated with isotonic crystalloid. A total of 7 patients received albumin as well.

**
Measured from time that EGDT protocol began.

***
Values represent the mean change (SD)
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