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Objective: The objective of this work was to carry out a meta-analysis of

RCTs comparing intraoperative RBC transfusion strategies to determine their

impact on postoperative morbidity, mortality, and blood product use.

Summary of Background Data: RBC transfusions are common in surgery

and associated with widespread variability despite adjustment for casemix.

Evidence-based recommendations guiding RBC transfusion in the operative

setting are limited.

Methods: The search strategy was adapted from a previous Cochrane

Review. Electronic databases were searched from January 2016 to February

2021. Included studies from the previous Cochrane Review were considered

for eligibility from before 2016. RCTs comparing intraoperative transfusion

strategies were considered for inclusion. Co-primary outcomes were 30-day

mortality and morbidity. Secondary outcomes included intraoperative and
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perioperative RBC transfusion. Meta-analysis was carried out using random-

effects models.

Results: Fourteen trials (8641 patients) were included. One cardiac surgery

trial accounted for 56% of patients. There was no difference in 30-day mortality

[relative risk (RR) 0.96, 95% confidence interval (CI) 0.71–1.29] and pooled

postoperative morbidity among the studied outcomes when comparing restric-

tive and liberal protocols. Two trials reported worse composite outcomes with

restrictive triggers. Intraoperative (RR 0.53, 95% CI 0.43–0.64) and periopera-

tive (RR 0.70, 95% CI 0.62–0.79) blood transfusions were significantly lower in

the restrictive group compared to the liberal group.

Conclusions: Intraoperative restrictive transfusion strategies decreased peri-

operative transfusions without added postoperative morbidity and mortality in

12/14 trials. Two trials reported worse outcomes. Given trial design and

generalizability limitations, uncertainty remains regarding the safety of broad

application of restrictive transfusion triggers in the operating room. Trials

specifically designed to address intraoperative transfusions are urgently needed.

Keywords: anesthesiology, blood, decision-making, meta-analysis,
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R ed blood cell (RBC) transfusions are commonly administered in
the perioperative setting. In the United States alone, 11 million

units of RBCs are administered annually,1 of which over one quarter
are given to surgical patients.2 By international estimates, surgical
services account for 24%–44% of transfused RBC units among
inpatients.3,4 Although the need for transfusion is variable, its
incidence in the perioperative period can be as high as 50% in
procedures associated with a high risk of bleeding.5–8

Although potentially lifesaving, RBC transfusions are not
benign interventions. Risks include transfusion-associated acute lung
injury, transfusion-associated circulatory overload, hemolytic reac-
tions, bacterial contamination, viral transmission, alloimmunization,
and a risk of mistransfusion due to human error.9 RBC transfusion
may also lead to transfusion-related immunomodulation,10 which
may be associated with worse oncologic outcomes in surgical
patients.11 Finally, blood products are a limited and expensive,
costing up to 761 US dollars per RBC unit in surgical patients.12

There is evidence in the literature of significant variation in
transfusion practice in patients undergoing surgery, both in the
intraoperative and postoperative settings. Risk-adjusted variation
in RBC transfusion has been identified prominently in cardiac
surgery6 and in major noncardiac surgery.7,13–15 Although a certain
degree of variation is expected based on casemix, wide variation that
cannot be explained by disease severity or patient preference likely
reflects unwarranted variation in clinical care.16–18 A critical exami-
nation of factors contributing to this variation is warranted.
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Recommendations guiding the administration of RBCs during
surgery exist in the literature.19–22 Guidance pertaining to intraoperative
transfusion management is generally limited and endorses the use of
restrictive transfusion thresholds. However, this endorsement generally
relies on evidence from clinical trials conducted in the postoperative and
nonoperative settings. The generalizability of these recommendations
to patients undergoing a surgical procedure under general anesthesia is
limited for several reasons. First, despite a majority of anesthesiologists
identifying hemoglobin concentration as the most important factor
when deciding on an intraoperative transfusion, it may be less relevant
to guide RBC transfusion in the setting of active or rapid blood loss,
particularly given the significant variation in hemoglobin concentration
with volume of administered crystalloid or colloid fluids.23 Second,
hemodynamic variations in surgical patients are not necessarily reflec-
tive of anemia from surgical bleeding, and may result from other factors
such as pharmacologic anesthetic agents, patient positioning, mechani-
cal ventilation, neuraxial analgesia, surgical manipulation, and abdom-
inal insufflation.24,25 A comprehensive synthesis of randomized trials
comparing intraoperative transfusion strategies does not exist, and is
thus timely and necessary.

The objective of this work was to conduct a systematic review
and meta-analysis of randomized controlled trials (RCTs) comparing
intraoperative allogeneic RBC transfusion strategies in surgical
patients and to determine their impact on postoperative morbidity
and mortality, and blood product use.

METHODS

A systematic review of RCTs comparing allogeneic RBC
transfusion strategies during the intraoperative period was performed
in accordance with the preferred reporting items for systematic
reviews and meta-analysis statement.26 A protocol was written
and registered with PROSPERO (CRD42019138397).

Search Strategy and Data Sources
The search strategy was adopted from an existing 2016

Cochrane Review which assessed the clinical outcomes of medical
and surgical patients randomized to restrictive or liberal transfusion
strategies.27 The following databases were searched from January
1st, 2016 to February 8th, 2021: EMBASE Classicþ, Ovid MED-
LINE, the Cochrane Central Register of Controlled Trials, Web of
Science, and Transfusion Evidence Library. Before 2016, all
included trials from the prior Cochrane review27 were screened
for eligibility. References of included trials and systematic reviews
were screened for inclusion. There were no language or publication
status restrictions. The search strategy is available in Supplemental
Digital Content 1, http://links.lww.com/SLA/D136.

Study Selection and Data Collection
Citation titles and abstracts were screened independently and

in duplicate. Articles advanced to full-text review were reviewed in
duplicate, independently, by the same team. Disagreements were
resolved by consensus.

Relevant data were then extracted using a data extraction form
(Supplemental Digital Content 2, http://links.lww.com/SLA/D136).
The data extraction form was piloted on 5 studies; modifications
were made as appropriate. Data extraction was conducted in dupli-
cate, independently. Disagreements were resolved by consensus.

Data Items
The following variables were extracted: patient population

demographics and comorbidities, intervention and comparison
details, primary and secondary outcomes, protocol deviation, ran-
domization and allocation methods, blinding, follow-up, and number
of participating centers. RBC transfusions reported in mL were
� 2021 The Author(s). Published by Wolters Kluwer Health, Inc.
converted to units by dividing by 300.28 Hematocrit (%) was con-
verted to hemoglobin (g/dL) by dividing by 3.29

Study Eligibility Criteria
The population studied included adult patients undergoing

surgery for any indication. The intervention of interest was the
implementation of a transfusion strategy in the intraoperative period
based on specified hemoglobin or hematocrit thresholds/targets,
blood loss, physiological parameters, or any other predefined rules
or algorithms. The comparison arm included patients undergoing
surgery with a different transfusion strategy or usual care applied in
the intraoperative period. Co-primary outcomes were 30-day mor-
tality and morbidity. Secondary outcomes included intraoperative
and overall incidence of RBC transfusion, postoperative hemoglobin,
hospital length of stay (LOS), and intensive care unit (ICU) LOS.
Postoperative hemoglobin values were recorded in the immediate
postoperative period and on postoperative days 1, 2, 3, and 7.

All RCTs comparing a minimum of 2 intraoperative transfu-
sion strategies and reporting on at least 1 outcome of interest were
considered for eligibility. Studies that did not apply the transfusion
strategy during the intraoperative period were excluded.

Risk of Bias and Quality Assessment
Risk of bias at the outcome level was assessed using the

Revised Cochrane Risk of Bias instrument.30 The instrument was
applied independently by 2 reviewers. Disagreements were resolved
by consensus. The quality of the results of the primary outcomes
were assessed using the Grading of Recommendations Assessment,
Development and Evaluation system.31 Publication bias was assessed
using funnel plots.

Statistical Analysis
Studies were sorted into 3 hierarchies of analysis to determine

the effect of the intraoperative intervention on studied outcomes. Level
1 studies only implemented an intraoperative transfusion intervention
against a control, without use of a postoperative protocol (ie, usual
care). Level 2 studies implemented an intraoperative transfusion
intervention against a control, and implemented a common postoper-
ative transfusion protocol in both groups. Level 3 studies implemented
an intraoperative transfusion intervention against a control, and carried
the different intervention and control protocols forward to the postop-
erative period. Studies in each hierarchy were analyzed separately.

Outcomes reported by 3 or more studies were pooled for meta-
analysis. The unit of analysis was the individual study level. Principal
summary measures were risk ratios and mean differences, with 95%
confidence intervals (CIs), for dichotomous and continuous variables,
respectively. Relative risks (RRs) were calculated as the percentage of
patients with events in the restrictive group divided by the percentage
of patients with events in the liberal group. Therefore, a RR greater than
1 indicates a higher risk in the restrictive group, whereas a RR less than
1 indicates a lower risk in the restrictive group. Mean difference is
calculated as mean in the restrictive group minus the mean in the liberal
group. A positive mean difference would, therefore, indicate a higher
mean in the restrictive group, whereas a negative mean difference
would indicate a lower mean in the restrictive group. Where means and
standard deviations could not be extracted from included trials, they
were estimated from medians and interquartile ranges using the
method of Wan et al.32 Standard deviations were estimated from
standard errors and CIs using standard methods.33 Random effects
models were used given expected differences between study popula-
tions, transfusion strategies, and types of surgical interventions. The I2

statistic was used to estimate statistical heterogeneity. The threshold
for interpretation was defined according to the Cochrane Handbook for
Systematic Reviews of Interventions.33
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Prespecified subgroup analyses were planned for patients
undergoing noncardiac surgery and for studies at low risk of bias
for 30-day mortality. Further subgroup analysis for studies compar-
ing transfusion strategies based solely on hemoglobin or hematocrit
trigger values was performed for 30-day mortality. For 3-armed
studies, restrictive transfusion strategies were pooled together and
compared against the most liberal transfusion strategy to avoid a unit-
of-analysis error. A P-value of <0.05 was considered statistically
significant. All analyses were performed using Review Manager
5.3.34

RESULTS

Following de-duplication, 5699 studies were screened. After
full text review of 49 studies, a total of 14 RCTs met eligibility
criteria and were included in this review (Fig. 1).

Study Characteristics
Table 1 provides the characteristics of included trials. Overall,

a total of 8641 patients were included. Five studies had under 100
FIGURE 1. PRISMA flow diagram. PRISMA indicates preferred rep

458 | www.annalsofsurgery.com
patients,3,35–38 and 1 trial accounted for 56% of patients.39 Studies
were conducted in variable surgical populations: cardiac surgery (n¼
6, 6709 patients, 78%),3,37,39–42 orthopedic surgery (n ¼ 4, 1007
patients, 12%),35,43–45 vascular surgery (n ¼ 2, 157 patients,
2%),36,38 oncologic surgery (n ¼ 1, 423 patients, 5%),46 and burn
surgery (n¼ 1, 345 patients, 4%).47 All trials had a traditional 2-arm
parallel design except for 1.46 Eleven studies tested restrictive
hemoglobin or hematocrit triggers against liberal triggers to guide
RBC transfusion. Restrictive hemoglobin transfusion triggers ranged
from 7 g/dL to 9 g/dL, and liberal triggers ranged from 8.9 g/dL to
10 g/dL. Two studies utilized a perioperative transfusion trigger score
to guide perioperative blood transfusion.42,46 This score assessed
factors such as markers of cardiac ischemia and vasopressor require-
ment before each transfusion to allow for dynamic changes in the
hemoglobin transfusion trigger point. One study compared this score
against usual care,42 whereas the other study was a 3-armed study
with a restrictive and liberal hemoglobin trigger as the other 2 arms.46

For analysis purposes, outcome data for the perioperative transfusion
trigger score group and the restrictive transfusion trigger group were
orting items for systematic reviews and meta-analysis.

� 2021 The Author(s). Published by Wolters Kluwer Health, Inc.
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combined and compared against the liberal transfusion trigger group.
The restrictive and liberal hemoglobin trigger arms of this trial were
included in the subgroup analysis of studies comparing hemoglobin
or hematocrit triggers. One study, So-Osman et al, risk-stratified
patients based on age and medical comorbidities and applied differ-
ent hemoglobin triggers depending on the perioperative phase of
care.48 All intraoperative transfusion protocols were part of a broader
perioperative transfusion protocol that extended to the postoperative
period. In all studies, the intraoperative intervention and control
transfusion protocols were carried forward to the postoperative
setting. All were thus hierarchy level 3 studies and were analyzed
together. None of the trials specified the timing, indication, or
method of intraoperative hemoglobin testing. Study participants
were individually randomized to intervention groups. There were
no cluster-randomized trials.

Risk of Bias
Risk of bias assessment for included trials is presented in

Supplemental Digital Content 3 and 4, http://links.lww.com/SLA/
D136. Overall, 2 studies3,35 were considered to be at high risk of bias,
7 studies37,40,42–46 had some concerns for bias, and 5 stud-
ies36,38,39,41,47 were considered to be at low risk for bias. Of note,
risk of bias assessment for 2 trials42,46 was limited due to insufficient
information provided in the manuscript for aspects such as randomi-
zation, allocation concealment, protocol adherence or suspension,
and blinding. Both of these papers were considered to have concerns
for potential bias across multiple domains.

Table 2 describes study design and methodology. Protocol
suspension and nonadherence were variably reported among
included trials. These referred to transfusions given while the trial
protocol was suspended during surgery or for thresholds or indica-
tions other than that specified in the trial protocol. Failure to transfuse
below the allocated threshold was also considered protocol non-
adherence. Six studies reported rates of protocol suspension.36,38–

41,45 These ranged from 0.28% to 28% in restrictive arms, and 0% to
14% in liberal arms. Common reasons included uncontrolled hem-
orrhage, end organ ischemia, and hemodynamic instability. Six
studies reported rates of protocol nonadherence.3,35,38,39,43,47 These
ranged from 0.59% to 28% in restrictive arms, and 3.8% to 59% in
liberal arms.

Primary Outcomes

Perioperative Mortality
Thirty-day postoperative mortality was reported in 12 studies

(7945 patients) (Supplemental Digital Content 5, http://link-
s.lww.com/SLA/D136).3,35,36,38–41,43–47 One study had no events
in either arm and could, therefore, not be included in the analysis.35

Meta-analysis demonstrated no significant difference between inter-
vention groups (RR 0.96, 95%, CI 0.71–1.29, P ¼ 0.77) (Fig. 2).
Statistical heterogeneity was low (I2¼ 7%). This result was judged to
warrant low certainty using the GRADE framework (rated down for
potential bias among studies and indirectness of evidence). After
examination of the corresponding funnel plot, there was no indication
of publication bias.

Subgroup analysis of noncardiac surgery trials38,43–47 noted
no significant difference in 30-day mortality (RR 1.00, 95% CI 0.51–
1.98, P ¼ 0.99, I2 ¼ 14%) (Supplemental Digital Content 6, http://
links.lww.com/SLA/D136). Subgroup analysis of studies that used
hemoglobin/hematocrit transfusion triggers3,36,38–41,43,44,46,47

yielded similar results (RR 0.90, 95% CI 0.53–1.54, P ¼ 0.71, I2

¼ 51%) (Supplemental Digital Context 7, http://links.lww.com/SLA/
D136). Similarly, sensitivity analysis of studies at low risk of
bias36,38,39,41,47 found no significant difference (RR 0.94, 95% CI
460 | www.annalsofsurgery.com
0.73–1.21, P ¼ 0.64, I2 ¼ 0%) (Supplemental Digital Content 8,
http://links.lww.com/SLA/D136).

Perioperative Morbidity
Given the clinical heterogeneity and variable reporting of

morbidity outcomes across trials, meta-analysis of overall postoper-
ative adverse events was not performed. Many studies reported a
composite outcome of mortality and major postoperative morbidity.
Two trials reported a statistically significant increase in postoperative
adverse events among patients in the restrictive transfusion trigger
group. Foss et al,43 a study of 120 patients>65 years old admitted for
orthopedic surgery following a hip fracture, reported a significant
increase in any cardiovascular event or death within 30 days of
surgery among patients in the restrictive (8 g/dL) transfusion group.
Similarly, Møller et al,38 which included 58 patients undergoing
vascular surgery, found that death or any major vascular complica-
tion within 90 days of the index operation was significantly higher
among patients in the restrictive (8 g/dL) transfusion trigger group.

Specific postoperative morbidity outcomes reported by 3 or
more studies were pooled. These included cardiac morbidity (n ¼ 5,
RR 1.24, 95% CI 0.88–1.75, P ¼ 0.22, I2 ¼ 20%), acute myocardial
infarction (n ¼ 9, RR 1.02, 95% CI 0.83–1.27, P ¼ 0.83, I2 ¼ 0%),
cardiac arrhythmia (n¼ 4, RR 0.70, 95% CI 0.48–1.04, P¼ 0.08, I2¼
0%), acute kidney injury (n¼ 5, RR 0.99, 95% CI 0.92–1.08, P¼ 0.88,
I2¼ 0%), need for renal replacement therapy (n¼ 3, RR 0.83, 95% CI
0.61–1.13, P¼ 0.84, I2¼ 0%), neurologic morbidity (n¼ 3, RR 0.86,
95% CI 0.45–1.64, P¼ 0.64, I2¼ 0%), stroke (n¼ 4, RR 1.00, 95% CI
0.65–1.53, P¼ 0.98, I2¼ 1%), pulmonary morbidity (n¼ 5, RR 1.00,
95% CI 0.70–1.44, P¼ 0.98, I2¼ 20%), pneumonia (n¼ 6, RR 0.87,
95% CI 0.52–1.45, P¼ 0.29, I2¼ 19%), infectious morbidity (n¼ 6,
RR 1.03, 95% CI 0.72–1.49, P ¼ 0.86, I2 ¼ 51%), sepsis (n ¼ 3, RR
1.66, 95% CI 0.33–8.41, P¼ 0.54, I2¼ 0%), wound infection (n¼ 5,
RR 0.82, 95% CI 0.50–1.36, P¼ 0.45, I2¼ 0%), GI morbidity (n¼ 3,
RR 1.08, 95% CI 0.63–1.77, P ¼ 0.83, I2 ¼ 0%), ICU LOS (n ¼ 6,
mean difference (MD) 0.13, 95% CI 0.02–0.25, P¼ 0.02, I2¼ 26%),
and hospital LOS (n¼ 11, MD –0.12, 95% CI�0.53 to 0.29, P¼ 0.57,
I2 ¼ 61%). No significant difference in any of the postoperative
outcomes was identified when comparing restrictive and liberal trans-
fusion groups (Supplemental Digital Content 9A-O, http://link-
s.lww.com/SLA/D136), with the exception of ICU LOS.

Secondary Outcomes

Intraoperative Transfusion
Eight studies3,38–41,43,46,47 (7071 patients) were included for

meta-analysis (Fig. 3). Other studies could not be included as they did
not separately report patients receiving blood transfusions in the
different phases of care. There were significantly fewer patients
receiving intraoperative blood transfusions in the restrictive transfu-
sion groups compared to the liberal transfusion groups (RR 0.53,
95% CI 0.43–0.64, P < 0.00001). Statistical heterogeneity was high
(I2 ¼ 89%). The study by Palmieri et al47 was noted to be an outlier;
when this study was removed, statistical heterogeneity decreased
significantly and effect size was slightly larger (n¼ 7, RR 0.50, 95%
CI 0.46–0.54, I2 ¼ 25%). A similar effect size was noted in a
subgroup analysis of noncardiac surgery trials, with high heteroge-
neity (n ¼ 4, RR 0.54, 95% CI 0.34–0.87, P < 0.00001, I2 ¼ 94%).
Once again, statistical heterogeneity was driven exclusively by
Palmieri et al, as when this study was removed, I2 dropped to 0%
(n ¼ 3, RR 0.44, 95% CI 0.38–0.51, I2 ¼ 0%).

Perioperative Transfusion
Data from all but 1 study37 were pooled (8566 patients)

(Fig. 4). The overall incidence of transfusion in the perioperative
� 2021 The Author(s). Published by Wolters Kluwer Health, Inc.
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FIGURE 2. Forest plot 30-d mortality.

FIGURE 3. Forest plot incidence of intraoperative transfusion.

FIGURE 4. Forest plot incidence of overall transfusion.
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FIGURE 5. Postoperative mean hemo-
globin difference.

Annals of Surgery � Volume 275, Number 3, March 2022 Comparing Operative Transfusion Strategies
period was significantly reduced in the restrictive transfusion proto-
col group (RR 0.70, 95% CI 0.62–0.79, P < 0.00001). Statistical
heterogeneity was high (I2¼ 89%). Subgroup analysis of noncardiac
surgery trials yielded similar results (n ¼ 8, RR 0.75, 95% CI 0.60–
0.94, P ¼ 0.01, I2 ¼ 91%).

Hemoglobin
Mean hemoglobin differences were significantly lower among

restrictive groups at all studied times, with mean differences of
�0.64 g/dL (n ¼ 7, 95% CI �0.89 to �0.39, P < 0.00001, I2 ¼
79%) in the immediate postoperative period, �0.66 g/dL (n ¼ 10,
95% CI�0.99 to�0.33, P¼ 0.0001, I2¼ 93%) on day 1,�0.88 g/dL
(n ¼ 6, 95% CI �1.03 to �0.73, P < 0.00001, I2 ¼ 40%) on day 2,
�0.94 g/dL (n ¼ 6, 95% CI �1.22 to �0.66, P¼ < 0.00001, I2 ¼
80%) on day 3, and�1.00 g/dL (n¼ 5, 95% CI�1.22 to�0.79, P¼
< 0.00001, I2¼ 56%) on day 7 (Fig. 5, Supplemental Digital Content
10A-E, http://links.lww.com/SLA/D136).

DISCUSSION

This review identified 14 trials comparing transfusion strate-
gies during the intraoperative period. Pooled data suggest that
restrictive transfusion strategies decrease intraoperative and overall
RBC transfusions, thereby reducing the number of patients exposed
to blood products. There was no clear signal of differences in
postoperative mortality or morbidity, although conclusions about
the primary outcomes are limited due to the rarity of perioperative
mortality events, the heterogeneity of interventions, patient popula-
tions, and morbidity outcome definitions. Furthermore, the impact of
the intraoperative period on postoperative outcomes could not be
determined given that all intraoperative interventions were part of a
broader perioperative transfusion strategy.

The majority of eligible studies were in cardiac (n ¼ 6) and
orthopedic surgery (n ¼ 4). There was only 1 low-quality study
investigating intraoperative transfusion strategies in thoracic, gen-
eral, urologic, or gynecologic surgery. This highlights a major
knowledge gap in the literature, given that these specialities are
frequent users of blood products and perform the bulk of oncologic
operations. Transfusion strategies were categorized as restrictive or
liberal, and were largely exclusively reliant on hemoglobin or
hematocrit concentration. Physiologic parameters were incorporated
� 2021 The Author(s). Published by Wolters Kluwer Health, Inc.
into the transfusion algorithm of only 2 trials, but were frequently
cited as indications for protocol suspension or nonadherence.

Meta-analysis of included trials demonstrated no significant
difference in 30-day mortality or any specific postoperative outcome,
with the exception of ICU LOS. A small increase of 0.13 days in ICU
LOS among restrictive transfusion patients was noted, although it is
unlikely to be clinically significant. No study was adequately pow-
ered to detect differences in morbidity outcomes, making it chal-
lenging to meaningfully interpret the available data, especially
outside of cardiac and orthopedic surgery.

Two studies reported an increased incidence in postoperative
adverse events in the restrictive groups. Foss et al43 reported a lower
composite 30-day mortality and cardiovascular event rate within the
liberal arm (2%) compared with the restrictive arm (18%) (P< 0.01).
Møller et al38 reported an increase in a composite of perioperative
death and major vascular complications, noting incidences of 66%
and 28% in the restrictive and liberal groups, respectively (P ¼
0.003). Finally, meta-analysis identified a nonsignificant increased
risk of cardiac morbidity among patients in the restrictive strategy
group (RR 1.24, 95% CI 0.88–1.75, P ¼ 0.22, I2 ¼ 20%). Further
trials evaluating the safety of restrictive transfusion strategies, par-
ticularly among patients with underlying cardiovascular comorbid-
ities who may have a higher perioperative cardiac risk, are warranted.

The incidence of RBC transfusion was significantly lower in
the restrictive group compared to the liberal group. A larger effect
size was observed in the intraoperative period compared to the
perioperative period, with respective risk ratios of 0.53 and 0.70.
This suggests that restrictive transfusion protocols can effectively
reduce unnecessary transfusions during surgery. This decrease was
reflected in significantly lower hemoglobin values among patients in
the restrictive group compared to the liberal group throughout the
postoperative period.

Protocol suspension and nonadherence were common, but
variably reported. For instance, in Nielsen et al,35 half of the
restrictive patients who received RBC transfusions and almost
one-fifth of liberal patients who received transfusions did so outside
of study protocol. Reasons for nonadherence included intraoperative
events such as acute surgical bleeding. Although poorly reported,
the majority of these non-protocol transfusions likely occurred in the
operating room as opposed to the postoperative period, where
www.annalsofsurgery.com | 463
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patients were presumably more stable. The high rate of protocol
suspension and nonadherence must inform future trials and suggests
that intraoperative transfusion protocols should include provisions
for major blood loss and anesthesiologist judgement. Despite the
large number of non-protocol transfusions, intraoperative and overall
blood product use was significantly lower in the restrictive group,
suggesting that pragmatic restrictive transfusion rules based on
hemoglobin measurement during surgery may be effective.

The current review adds to a growing body of evidence that
supports restrictive transfusion strategies to avoid unnecessary RBC
transfusions. These findings are largely in keeping with the afore-
mentioned Cochrane review by Carson et al,27 which found that
restrictive transfusion strategies in all spheres of practice success-
fully decreased participants exposure to blood transfusions. There
was no evidence of increased morbidity or mortality among patients
transfused based on a restrictive protocol. This systematic review
forms the basis of the Clinical Practice Guidelines published by the
AABB.19 However, the evidence base surrounding intraoperative
transfusion decision-making that is referred to in this document is
very limited. Despite including 7 of the studies included in the
current review, Carson et al were not specific to the operative setting.
The only recommendation pertaining to surgical patients in the
AABB guidelines proposes a transfusion trigger of 8 g/dL in patients
‘‘undergoing orthopedic surgery.’’

Similarly, The Frankfurt Consensus Committee22 recom-
mends a transfusion trigger of 8 g/dL in patients ‘‘with a hip fracture
and cardiovascular disease,’’ stating that they found no increase in
critical outcomes including 30-day mortality and various morbidity
outcomes. It is unclear whether this recommendation is meant to
encompass the intraoperative period, as the evidence base supporting
this recommendation is drawn largely from the postoperative period.

The Perioperative Blood Management Guidelines published
by the American Society of Anesthesiology Task Force20 suggest that
restrictive transfusion strategies lead to fewer blood transfusions,
with equivocal findings regarding mortality and perioperative com-
plications. They state that ‘‘the determination of whether hemoglobin
concentration between 6 and 10 g/dL justify or require RBC trans-
fusion should be based on potential or actual ongoing bleeding,
intravascular volume status, signs of organ ischemia, and adequacy
of cardiopulmonary reserve.’’ Similarly, guidelines from the Euro-
pean Society of Anesthesiology21 recommend a target hemoglobin
concentration of 7–9 g/dL during active bleeding. They recom-
mended the implementation of restrictive transfusion strategies to
reduce exposure to blood products. Again, much of the evidence base
supporting these recommendations is derived from the critical care
literature and is not necessarily transferable to the operative setting.

The results of the current study lend support to these guide-
lines, but further caution against the widespread use of restrictive
triggers during surgery owing to the limited number of trials con-
ducted in the intraoperative period.

Strengths of this systematic review include its comprehensive
nature and search strategy. It tackles a highly focused and important
clinical question that affects millions of patients every year, and it
seeks to fill a major knowledge gap in the literature that no other
systematic review has directly addressed.

This study was limited by the heterogeneity of the patients
populations, study interventions, and outcome reporting between
trials. Although this was mitigated to some degree by using random-
effects models for meta-analysis, the variability in baseline patient
populations and study interventions introduced significant heteroge-
neity in several meta-analyses that persisted despite subgroup anal-
ysis. For example, potential for blood loss is very different among
patients undergoing different operative interventions. This was illus-
trated when exploring heterogeneity in the intraoperative transfusion
464 | www.annalsofsurgery.com
meta-analysis, whereby excluding a study done in patients undergo-
ing skin grafting for major burns significantly decreased statistical
heterogeneity. Outcome selection was also heterogeneous between
studies. In particular, definitions of postoperative adverse events
were highly variable, at times precluding meaningful meta-analysis.

Moreover, despite a significant reduction in both intraopera-
tive and postoperative RBC transfusion, mean postoperative hemo-
globin differences were actually relatively small (although
statistically significant at all studied points). This failure to achieve
separation in postoperative hemoglobin values may be related to the
fact that not all patients in a given trial would have reached a
transfusion threshold, thus diluting the effect difference. That being
said, this small degree of separation may also explain in part the lack
of significant postoperative outcome differences between the restric-
tive and liberal transfusion strategy groups.

Furthermore, the definition of liberal and restrictive transfu-
sion triggers varied considerably across included studies. Restrictive
transfusion triggers ranged from hemoglobin values of 7.0 g/dL to
9.0 g/dL, whereas liberal triggers ranged from 8.9 g/dL to 10 g/dL.
Many studies did not provide rationales for choosing transfusion
triggers. Some studies cited previous trials such as transfusion
requirements in critical care (TRICC),49 transfusion trigger trial
for functional outcomes in cardiovascular patients undergoing sur-
gical hip fracture repair (FOCUS),50 and transfusion indication
threshold reduction (TITRe2)51 to justify their selection, all of which
included postoperative or nonoperative patients. These results may,
therefore, not be appropriately applied to patients undergoing general
anesthesia with mechanical ventilation, experiencing major fluid
shifts, and possibly major blood loss. It is clear that the optimal
transfusion threshold to be used in the operating room has yet to
be defined.

No included studies were designed to specifically address
blood transfusion in the operating room. Protocols were part of a
broader effort to demonstrate the safety and efficacy of restrictive
transfusion programs in the perioperative period. Trials were classi-
fied into 3 hierarchies to specifically study the effect of the intra-
operative intervention on the studied outcomes. All included studies
fell into the third hierarchy, meaning that they implemented the same
intraoperative and postoperative transfusion strategy versus a control
throughout their study period. Therefore, it is impossible to tease out
the effect of the intraoperative intervention on postoperative mor-
bidity and mortality. This limits the applicability of the study results
to specifically guide intraoperative transfusion decision-making.

Although all studies compared transfusion protocols incorpo-
rating hemoglobin measurements, no study reported the methods
used to measure intraoperative hemoglobin. Several techniques can
be used to measure hemoglobin during surgery, including central
laboratory complete blood counts, blood gas analysis, and a multi-
tude of point-of-care testing devices. The reliability and accuracy of
point-of-care testing for transfusion decision-making during surgery
is debated.52 Use of these devices may have plausibly resulted in non-
protocol transfusions.

Finally, pooled analyses including data from Mazer et al39 are
heavily influenced by its large sample size (n ¼ 4860), which may
limit generalizability. Subgroup analyses performed in noncardiac
surgery patients revealed similar mortality and specific morbidity
results, although these may have been underpowered to detect small
and medium effect size differences.

CONCLUSIONS

This review sought to compare the safety and effectiveness of
intraoperative transfusion strategies in surgical patients. Currently
available literature suggests that restrictive transfusion strategies are
associated with fewer intra- and perioperative transfusions, without
� 2021 The Author(s). Published by Wolters Kluwer Health, Inc.
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increased morbidity or mortality in all but 2 small trials. All included
trials tested transfusion protocols that carried forward to the postop-
erative setting, making it impossible to tease out the effect of
intraoperative interventions on morbidity and mortality. Uncertainty
remains regarding the safety of broad application of restrictive
transfusion triggers in the operating room. Trials specifically
designed to address intraoperative transfusion are urgently needed.
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