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Perioperative Management of Patients for Whom 
Transfusion Is Not an Option
Nicole R. Guinn, M.D., Linda M. S. Resar, M.D., Steven M. Frank, M.D.

With the Jehovah’s Witness faith encompassing more 
than 8 million members worldwide, there is a grow-

ing population of patients seeking surgical care without 
the use of blood transfusion.1 Additionally, there remains a 
select group of patients for whom compatible crossmatched 
blood is unavailable, due to either alloimmunization from 
a previous transfusion or access to an adequate blood sup-
ply. Caring for patients without transfusion requires a wide 
range of blood conservation strategies, taken to the extreme, 
in order to avoid rather than reduce transfusions.

Patient blood management programs effectively reduce 
blood utilization and costs while improving outcomes.2,3 
Retrospective studies of patients unable to be transfused and 
undergoing major surgery have shown similar outcomes to 
matched controls when blood conservation techniques are 
applied.4–7 A recent meta-analysis of Jehovah’s Witness patients 
undergoing cardiac surgery showed equivalent outcomes to 
controls, including early mortality, length of stay, and myocar-
dial infarction, with significantly higher hemoglobin levels in 
the treated Jehovah’s Witnesses.8 A review of the recent literature 
(table 1) demonstrates higher average preoperative and postoper-
ative hemoglobin values in patients unable to be transfused10–13,15 
compared to control patients. Available evidence indicates that 
identification and treatment of anemia is critical to improving 
outcomes,14 although methods for determining the ideal target 
preoperative hemoglobin level for patients unable to be trans-
fused have not been described. Here, we describe the steps to 
efficiently optimize patients before various types of surgery and 
review the necessary blood conservation techniques (summa-
rized in table 2) to facilitate safe management of these patients. 
These efforts are most effectively implemented using a multidis-
ciplinary approach, with collaboration among providers from a 
wide variety of specialties (including anesthesiologists, surgeons, 
hematologists, intensivists, pharmacists, nurses, and perfusionists), 
to provide what has been called “bloodless” patient care.

Preoperative Considerations
Patients who cannot be transfused should be identified as 
early as possible before any surgical intervention. Once 

a patient is recognized as being ineligible for transfu-
sion, the first step is to determine what other therapies 
are acceptable. Although patients of the Jehovah’s Witness 
faith (Witnesses) will not accept what they consider to be 
“major blood fractions,” which includes erythrocytes, plate-
lets, and unfractionated plasma, other factors considered to 
be “minor fractions,” including cryoprecipitate, albumin, 
immunoglobulins, and individual clotting factors, are left to 
the discretion of each individual (fig. 1). With the exception 
of hemoglobin-based oxygen carriers, which are discussed 
later and only available through the Expanded Access pro-
gram of the Food and Drug Administration (Silver Spring, 
Maryland), these fractionated blood components do not 
improve oxygen carrying capacity but may assist in coag-
ulation and prevention of further blood loss secondary to 
coagulopathy.

Additionally, although Witnesses will not consent to stor-
age of their own blood, such as with preoperative autolo-
gous donation, procedures involving autologous blood are 
generally accepted if the blood is retained within a closed 
circuit, such as through blood cell salvage, acute normovole-
mic hemodilution, cardiopulmonary bypass, dialysis, and 
plasmapheresis.17 A healthcare provider familiar with these 
terms should have a discussion with the patient, in private, 
and clearly document which methods are acceptable. Local 
representatives of the Jehovah’s Witness Hospital Liaison 
Committee Network (Warwick, New York) may be called to 
assist with these conversations, and Witnesses are encouraged 
to carry wallet cards to help identify which blood fractions 
and procedures they have previously identified as acceptable. 
Occasionally the authors have encountered patients who 
refuse transfusion when asked in the presence of Witness fam-
ily members but will privately accept it. In these cases, trans-
fusion of any blood products should be performed without 
disclosing the patient’s decision except to necessary mem-
bers of the healthcare team. We have also had patients who 
agree to accept blood only if their lives are threatened, and all 
patients should be informed of this option and the privacy of 
their choices. For institutions without a standardized blood 
refusal consent, a form created by the American Society of 
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Anesthesiologists (Schaumburg, Illinois) Committee on 
Patient Blood Management is available to use either as an 
educational tool or to adapt for use as a legal consent form.18

The electronic health record can be useful in identify-
ing patients who decline transfusion. At our institutions, 
patients who wish to avoid transfusion have a flag added to 
their chart that identifies them as “Blood Product Refusal.” 
This flag is easily visible on operative status boards and trig-
gers a best practice advisory stating that the patient has reg-
istered as previously refusing transfusion. Importantly, while 
court cases before 1990 often sided in favor of the physi-
cian if blood was given to Witness patients, a patient’s right 
to refuse medical treatment has become the predominant 
legal opinion over the past 3 decades, resulting in verdicts of 
assault and battery against the medical providers.19

After informed consent and documentation, the next 
step is to identify and treat anemia before surgery, partic-
ularly in cases with substantial potential blood loss, which 
can be identified according to the recommended num-
ber of crossmatched units to prepare on the Maximum 
Surgical Blood Ordering Schedule. This list of surgical 
procedures may be used to assess the potential for blood 
loss for a given surgical procedure, which helps determine 
the optimal preoperative target hemoglobin. Although 
point-of-care tests can be used to screen for anemia, diag-
nosis should be confirmed with a complete blood count, 
along with additional laboratory studies to determine the 
etiology of anemia, including a ferritin level, iron, trans-
ferrin saturation, vitamin B12, folate, and a reticulocyte 
count when appropriate. A review of the patient’s comor-
bidities should be performed to assess the likelihood of 
underlying inflammation, although C-reactive protein 
may also be obtained.20 A creatinine level should also be 
ordered to determine if kidney disease is a contributing 

factor. When available, reticulocyte hemoglobin content 
has been used as an early indicator of iron deficiency and 
low iron stores.21,22 Published algorithms are available that 
consider these laboratory values to determine the etiol-
ogy of anemia and guide treatment,23,24 which frequently 
include a combination of iron (oral or intravenous) and 
erythropoietin-stimulating agents to stimulate production 
of erythrocytes. The authors recommend against a “one 
size fits all approach,” such as treating anemia with intra-
venous iron without evaluating for iron deficiency, as this 
has not been shown to improve outcomes.25 The suspected 
etiology of anemia related to the patient’s history as well 
as the urgency of surgery should also be considered when 
determining the treatment plan. A suggested approach 
is detailed in figure  2, with the hemoglobin target as 
described in the equations below.

Larger patients can tolerate more blood loss given their 
increased circulating blood volume. Using a derivation 
of the allowable blood loss formula, a target preoperative 
hemoglobin concentration required to avoid transfusion in 
adult patients can be calculated, where postoperative hemo-
globin is the lowest allowable hemoglobin concentration 
after surgery, and EBL is anticipated estimated blood loss 
over the perioperative course. Total circulating blood vol-
ume is estimated as 65 ml/kg in women and 70 ml/kg in 
men.26 These formulae are as follows:

Adult femalesTarget PreopHb
PostopHb

EBL
weight kg

=
−







1
65( ) ×

Adult malesTarget PreopHb
PostopHb

EBL
weight kg

=
−







1
70( ) ×

In general, for surgeries associated with high blood loss, 
those with low body mass and a smaller circulating blood 
volume, including pediatric patients, require a higher target 
preoperative hemoglobin level relative to larger individu-
als. In pediatric patients, however, circulating blood volume 
estimates vary depending on age, with 80 ml/kg estimated 
for preadolescent children and 90 ml/kg for neonates. It is 
generally believed that patients with cardiovascular disease 
may benefit from a higher postoperative (and therefore pre-
operative) hemoglobin concentration.

Iron deficiency with and without anemia is common 
in surgical patients.27–29 In many cases, intravenous formu-
lations are preferred over oral for iron repletion to ensure 
efficient delivery of iron, avoid gastrointestinal side effects,30 
and circumvent low absorption in patients with underlying 
inflammation and elevated hepcidin levels.31 A variety of 
intravenous iron formulations are currently available and 
considered safe and effective with a low risk of hypersen-
sitivity reaction compared to high-molecular-weight iron 
dextran, which is no longer available.32 The calculated iron 
deficit can be determined using the Ganzoni formula,33 

Table 2. Summary of Blood Conservation Techniques by 
Phase of Care

Preoperative
 Early diagnosis and treatment of preoperative anemia
 Discontinuing herbal supplements that interfere with coagulation
 Discontinuing anticoagulants
 Judicious decision-making for when to not operate (risk exceeds benefit)
Intraoperative
 Meticulous surgical technique
 Autologous blood salvage
 Autologous normovolemic hemodilution
 Antifibrinolytics (tranexamic acid, epsilon aminocaproic acid)
 New methods of electrosurgery
 Topical sealants and hemostatic agents
 Avoiding perioperative hypothermia
 Controlled hypotension
 Point-of-care coagulation testing (e.g., viscoelastic testing)
Postoperative
 Minimizing laboratory testing
 Low volume, microtainers for phlebotomy
 In-line blood-return devices for arterial and central venous catheters
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and iron replacement is administered in one or more doses 
depending on the deficit and iron preparation available, 
after which the response is assessed by measuring hemo-
globin.16,24  In patients without anemia but with low iron 
stores, or in those who have a pure iron deficiency with-
out underlying inflammation and several months before 
elective surgery, a trial of oral iron may be considered. 
The authors recommend considering vitamin C with 
oral iron for increased absorption and avoiding calcium- 
containing foods and supplements as well as tannins (such 
as in tea or coffee), which will inhibit absorption.34 A stool 
softener is recommended if needed. Additionally, patients 
with a new diagnosis of iron deficiency without a clear 
source of blood loss (such as in menorrhagia in women) 
should undergo additional evaluation to determine the 
etiology of the deficiency. Potential causes of absolute 
iron deficiency include ongoing blood loss, inadequate 
dietary intake, and poor absorption.34 Workup may include 
a gastrointestinal consultation to rule out malignancy as 
a source of blood loss, and/or evaluation for potential 
genitourinary blood losses, or malabsorption, which may 
be due to diet, use of proton-pump inhibitors, or weight 
reduction surgery.

For patients with moderate to severe anemia or those 
undergoing major surgery, erythropoietin-stimulating 
agents may be considered. Risk versus benefit of treatment 
should be determined for each patient based on their med-
ical history and expected blood loss. A hematologist should 
be consulted for patients with an active or recent history 
of thrombosis, cancer, or other hematologic disorder.  There 
does not appear to be an increased risk for venous thrombo-
embolism with a short preoperative course of erythropoietin- 
stimulating agents35; however, pharmacologic venous throm-
boembolism prophylaxis may be considered for patients 
who are nonambulatory in the postoperative period. Data 
in preoperative patients are limited, but extrapolating from 
evidence in the hemodialysis and oncology populations, the 
lowest effective dose of erythropoietin-stimulating agents 
should be administered, combined with IV iron to increase 
its effectiveness for patients who do not have evidence of 
iron overload (high transferrin saturation and ferritin).36,37 
The authors recommend a dose ranging from 400 to 600 
units/kg subcutaneous weekly (erythropoietin α), which 
can be repeated as necessary.38 If surgery is required with 
limited time for treatment, we occasionally increase the fre-
quency of erythropoietin administration to two or three 

Fig. 1. Blood and blood components that are “unacceptable” or acceptable but by “personal choice” according to the Jehovah’s Witness 
Watchtower organization (Warwick, New York). Jehovah’s Witness patients will not accept what they consider to be “major fractions” of blood 
(erythrocytes, plasma, platelets, whole blood, and white blood cells). All other blood-derived components are referred to as “minor fractions” 
of blood, which are considered by most to be acceptable and are left to the discretion of the patient as a personal choice. *Hemopure (hemo-
globin glutamer-250 [bovine], hemoglobin-based oxygen carrier [HBOC]-201; HbO2 Therapeutics, Souderton, Pennsylvania). The product 
consists of purified, glutaraldehyde-polymerized, bovine hemoglobin. In the unites States, HBOC-201 is an investigational new drug that is 
not approved by the Food and Drug Administration, and therefore only available through a clinical trial, or Expanded Access (formerly called 
compassionate use). HBOC-201 has been used extensively under the Food and Drug Administration’s Expanded Access program to treat 
patients with severe, life-threatening anemia for whom blood transfusion is indicated, but not an option, and who have exhausted all other 
treatment options. Adapted from Frank et al.,16 with permission from Elsevier.
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Fig. 2. Suggested protocol for hemoglobin optimization in preoperative patients unable to be transfused. The algorithm takes into account 
the complexity of the surgical procedure and the targeted preoperative hemoglobin concentration. Although the algorithm shows a stepwise 
progression for determining etiology of anemia, when there is limited time before surgery and a suspicion of multifactorial anemia based 
on medical history, we recommend that a more comprehensive laboratory evaluation be performed at the outset. Because iron deficiency 
is common, all patients should be evaluated for iron stores. When multiple nutritional deficiencies are suspected based on the patient’s 
history (i.e., vitamin B12 deficiency and iron deficiency), we recommend starting all replacement therapy at the outset. To achieve the target 
hemoglobin, some patients require multiple visits for treatment with iron and/or erythropoietin-stimulating agents. Since a complete blood 
count can be obtained with less than 1 ml of blood, we check hemoglobin weekly for patients coming in for therapy or after 2 to 4 weeks of 
treatment. If responses are inappropriate, we recommend a more comprehensive evaluation by a hematologist. *use ferritin less than 200 
μg/l for patients with chronic kidney disease or underlying inflammatory process. Hb, hemoglobin; IM, intramuscular; IV, intravenous.

Copyright © 2021, the American Society of Anesthesiologists, Inc. Unauthorized reproduction of this article is prohibited.

D
ow

nloaded from
 http://asa2.silverchair.com

/anesthesiology/article-pdf/134/6/939/511584/20210600.0-00026.pdf by guest on 09 April 2024



944 Anesthesiology 2021; 134:939–48 Guinn et al.

CLINICAL FOCUS REVIEW

times per week, at a reduced dose (300 units/kg) for inpa-
tients awaiting urgent surgery, with the goal of increasing 
the hemoglobin less than or equal to 1 g/dl each week to 
avoid thrombotic complications. Hemoglobin should be 
monitored weekly during treatment, and erythropoietin- 
stimulating agent therapy discontinued if hemoglobin rises 
too rapidly, or if there is no response to treatment after sev-
eral weeks. Time for full laboratory evaluation and treatment 
of anemia can require over a month, and elective surgeries 
may need to be delayed in order to optimize hemoglobin. 
It is important to clarify acceptability of therapy before 
treatment, as some erythropoietin-stimulating agents such 
as erythropoietin α contain albumin, which is considered 
to be a minor blood fraction by Witnesses and a personal 
choice in terms of acceptability. Other formulations includ-
ing the biosimilar epoetin α-epbx and the longer-acting 
darbepoetin are albumin-free.

Importantly, patients should be queried for any personal 
or family history of abnormal bleeding and evaluated for any 
potential bleeding diathesis. von Willebrand disease, which 
is the most common bleeding disorder, is found in up to 
1% of the U.S. population.39 Initial workup includes a risto-
cetin cofactor and von Willebrand antigen in addition to a 
partial thromboplastin time, although partial thromboplastin 
times are often normal. If a patient has type 1 von Willebrand 
disease (the most common variant),39 response to DDAVP 
(1-desamino-8-d-arginine vasopressin) should be assessed 
preoperatively and used if effective. Antiplatelet and antico-
agulant medications, including herbal supplements, should be 
held as appropriate before surgery.

Finally, the surgical approach and choice of venue should 
be considered and discussed before elective surgery. For 
patients unable to be transfused, minimally invasive tech-
niques may be preferred over open procedures. For exam-
ple, transcatheter aortic valve replacement typically has 
much less blood loss than open aortic valve replacement, 
and studies have shown decreased rates of transfusion with 
comparable mortality.40,41 Similarly, robotic and minimally 
invasive procedures generally have lower blood loss com-
pared to open approaches (e.g., urologic and gynecologic 
surgeries).42 If there is an anticipated need for blood conser-
vation strategies, such as cell salvage, rapid laboratory test-
ing, or use of pharmacologic alternatives to blood products 
for treating coagulopathy, when deemed acceptable to the 
patient, such as fibrinogen factor concentrates, prothrombin 
complex concentrates, or recombinant clotting factors, one 
should ensure that these are available and change venue if 
necessary to provide them.43

intraoperative Considerations
The guiding principle for management of patients without 
transfusion in the operating room is preserving the patient’s 
own blood. The primary intraoperative blood conservation 
methods discussed here include cell salvage (or autotransfusion) 

for blood lost during surgery, and autologous normovolemic 
hemodilution (ANH), both of which are acceptable to most 
Jehovah’s Witness patients when they remain connected to the 
patient, as we have previously described in detail,44 although 
considered to be a personal choice.

Since the 1970s, cell salvage has been established as an 
effective blood conservation technique that decreases trans-
fusion requirements in patients undergoing high blood loss 
procedures such as cardiac, vascular, and orthopedic sur-
gery.45 Although erythrocytes are conserved, platelets and 
clotting factors are discarded in the washing process, such 
that return of large and repeated volumes of salvaged blood 
will result in dilutional coagulopathy. Cell salvage can be 
used for most high blood loss cases and has even been used 
safely in both cancer surgery and obstetrics, with a leukore-
duction filter used during reinfusion.46,47 Relative contrain-
dications include infection, malignancy, or potential debris 
such as bone cement, although the risk/benefit balance 
should be considered on a case-by-case basis, since cell sal-
vage can be lifesaving when substantial bleeding occurs and 
allogeneic transfusion is not an option. Topical hemostatic 
agents (e.g., thrombin and gelatin compounds) should not 
be suctioned into the cell salvage reservoir to avoid dissem-
inated intravascular coagulation upon reinfusion.

ANH involves removing the patient’s own whole blood, 
storing it in citrated anticoagulant bags, and replacing intra-
vascular volume with crystalloid and/or colloid in order to 
maintain normovolemia. Blood shed during surgery will 
then have fewer erythrocytes per milliliter, and when surgi-
cal blood loss is complete, fresh whole blood is available to 
return to the patient. Notably, fresh whole blood is advan-
tageous compared to banked erythrocytes since it contains 
functional platelets and clotting factors. Additionally, for 
cardiac surgical cases involving cardiopulmonary bypass, the 
blood removed at the start of the case has not been hepa-
rinized, cooled, or damaged by the mechanical forces of the 
bypass machine and can provide improved hemostasis after 
separation from cardiopulmonary bypass. Meta-analyses 
have shown ANH to be effective at decreasing transfusion 
in both cardiac and noncardiac surgery,48,49 although it 
requires an adequate initial hemoglobin and blood volume. 
Of note, ANH is not beneficial for surgeries associated with 
low blood loss, nor is it sufficient in cases of massive hem-
orrhage. Without proper expertise, harvested blood can clot 
if collection bags are overfilled, or cause severe anemia and 
organ ischemia if the harvest is too aggressive. Nonetheless, 
ANH remains a mainstay of patient blood management, and 
is used routinely at our institutions for both cardiac surgery 
and major spine surgery when acceptable to the patient.

During surgery, hypothermia and large volumes of crys-
talloid should both be avoided, as they may result in coagu-
lopathy. By counteracting anesthetic-induced vasodilation, low 
doses of vasopressors can reduce crystalloid requirements and 
the resulting dilutional anemia. Antifibrinolytics such as ami-
nocaproic acid or tranexamic acid promotes clot stability, and 
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can be useful in cardiac, orthopedic, trauma, and obstetric cases 
to decrease bleeding and transfusion.50–53 Topical hemostatic 
agents can be used directly at the site of bleeding, and some 
formulations use recombinant thrombin, which is not derived 
from blood, and therefore acceptable even to Witnesses who 
do not accept other minor fractions. Point-of-care viscoelastic 
testing can help guide therapy, including use of blood compo-
nents to assist in treating coagulopathy, such as cryoprecipitate, 
and recombinant and commercially available clotting factors, 
such as prothrombin complex concentrates and fibrinogen 
concentrate, when acceptable to the patient.38,54

Another method to reduce bleeding is controlled 
hypotension. Studies support its effectiveness for decreas-
ing blood loss and mortality in trauma patients,55 and for 
decreasing bleeding during orthopedic and spine surgery, 
although its safety is unclear.56 As more recent data show an 
association between absolute hypotension and myocardial 
and kidney injury,57 we recommend keeping mean arterial 
pressure near the lower limit of normal (between 65 and 
75 mmHg) to balance these objectives. Finally, although 
difficult to measure, the use of meticulous surgical tech-
niques cannot be overlooked. Patients unable to be trans-
fused should be operated on by experienced surgeons who 
are cognizant of the subtleties of the specific procedure and 
careful to minimize bleeding.

Postoperative Considerations
In the immediate postoperative period, one should remain 
vigilant for surgical bleeding that necessitates an immedi-
ate return to the operating room. When patients decline 
transfusion, the decision to reoperate to stop postoperative 
bleeding must be made quickly, since “time is blood,” and 
clotted blood is difficult or impossible to process by cell sal-
vage. Coagulopathy should also be monitored, with prompt 
treatment using the minor fractions and pharmacotherapy 
as indicated and accepted by the patient. Viscoelastic testing 
can help guide use of appropriate agents including antifi-
brinolytics, as in the intraoperative setting.58

When bleeding and coagulopathy have been addressed, 
attention should focus on management and tolerance of 
postoperative anemia. Significant acute blood loss causes 
both anemia and loss of iron (200 to 250 mg iron for each 
500 ml of blood), which can be replaced with additional 
doses of intravenous iron. For severe anemia, erythropoietin- 
stimulating agents may also be required; however, mild 
(hemoglobin greater than 10 g/dl) or moderate (hemoglo-
bin greater than 7 g/dl) anemia is tolerated very well by 
most patients. Phlebotomy for laboratory testing should be 
minimized to essential studies and sent as the minimum 
required volume to reduce iatrogenic blood loss, as phlebot-
omy can be a substantial contributor to postoperative ane-
mia.59 Myocardial oxygen demand can also be minimized 
and supported with supplemental oxygen, and in cases of 
severe anemia, sedation, ventilation, and even paralysis may 

be considered to lower metabolic requirements, although 
such practices harbor other risks.

In cases of critical anemia, where the hemoglobin 
level is insufficient to meet oxygen demands and ischemia 
results, use of hemoglobin-based oxygen carriers may be 
considered. Hemoglobin-based oxygen carriers consist of 
polymerized hemoglobin molecules that are acellular and 
can transport oxygen and carbon dioxide.60 Previous studies 
suggest that hemoglobin-based oxygen carriers provide a 
mortality benefit when anemia is severe, although random-
ized controlled trials are unavailable and many patients can 
tolerate hemoglobin ranging from 5 to 6 g/dl.61 Although 
hemoglobin-based oxygen carriers are currently only avail-
able through the Food and Drug Administration’s Expanded 
Access program in the United States, they are available for 
use in South Africa, and newer formulations continue to be 
studied in clinical trials for various applications, including 
in patients who cannot be transfused.60

Considerations for Pediatrics
When caring for minors who are not legally capable of 
refusing lifesaving treatment, physicians are ethically and 
legally bound to provide a transfusion in settings that 
could result in death or significant harm. Parents should 
be counseled that while efforts will be employed to con-
serve their child’s blood and avoid transfusion, providers are 
legally obligated to transfuse blood products if harm will 
result from withholding such measures. At Duke University 
Hospital (Durham, North Carolina), parents are asked to 
sign an acknowledgment form stating that care for their 
minor child will follow these guidelines. (1) It acknowl-
edges the parents’ wish for their child not to receive a blood 
transfusion, and that this form is included in the patient’s 
chart for the medical team’s attention. (2) For elective 
treatment, the parents’ refusal of transfusion may result in 
postponement or cancelation of treatment. (3) The medi-
cal team will do its best to honor this refusal of blood and 
treat their child without blood when feasible. (4) During 
emergency situations, a transfusion may be given to their 
child without a court order if in the opinion of two physi-
cians the treatment is necessary to prevent immediate harm, 
injury, or death. Signing this statement is not an authoriza-
tion for transfusion but rather an acknowledgment of the 
policies of the institution, which serves to reassure the fami-
lies that the healthcare team is aware of their wishes and will 
do their best to honor them within the confines of safely 
caring for their child. Emancipated minors are legally able 
to make their own decisions regarding transfusion, although 
pregnant minors are restricted to medical decision-making 
regarding the pregnancy.

Conclusions
Perioperative management of patients for whom trans-
fusion is not an option requires careful planning and the 
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involvement of a multidisciplinary care team. After docu-
mentation of acceptable blood management techniques, 
patients undergo effective strategies to optimize hemoglobin 
preoperatively, prevent excessive blood loss and coagulopa-
thy intraoperatively, and manage anemia and bleeding post-
operatively. These approaches allow for enhanced safety and 
improved outcomes in patients who cannot be transfused.

Research Support

Support was provided from the New York Community 
Trust (New York, New York) and  from institutional and/or 
departmental sources.

Competing Interests

Dr. Frank has served on scientific advisory boards for 
Haemonetics (Boston, Massachusetts), Medtronic (Dublin, 
Ireland), and Baxter (Deerfield, Illinois). The other authors 
declare no competing interests.

Correspondence

Address correspondence to Dr. Guinn: DUMC Box 3094, 
HAFS 5695, Durham, North Carolina 27710. nicole.guinn@
dm.duke.edu. Anesthesiology’s articles are made freely 
accessible to all readers on www.anesthesiology.org, for per-
sonal use only, 6 months from the cover date of the issue.

References

 1. Watch Tower Bible and Tract Society of Pennsylvania: 
How many of Jehovah’s Witnesses are there world-
wide? 2020 report. Available at: https://www.jw.org/
en/jehovahs-witnesses/faq/how-many-jw/. Accessed 
December 1, 2020.

 2. Leahy MF, Hofmann A, Towler S, Trentino KM, 
Burrows SA, Swain SG, Hamdorf J, Gallagher T, Koay 
A, Geelhoed GC, Farmer SL: Improved outcomes and 
reduced costs associated with a health-system-wide 
patient blood management program: A retrospective 
observational study in four major adult tertiary-care 
hospitals. Transfusion 2017; 57:1347–58

 3. Spahn DR, Muñoz M, Klein AA, Levy JH, Zacharowski 
K: Patient blood management: Effectiveness and future 
potential. Anesthesiology 2020; 133:212–22

 4. Pattakos G, Koch CG, Brizzio ME, Batizy LH, Sabik 
JF III, Blackstone EH, Lauer MS: Outcome of patients 
who refuse transfusion after cardiac surgery: A natu-
ral experiment with severe blood conservation. Arch 
Intern Med 2012; 172:1154–60

 5. Stamou SC, White T, Barnett S, Boyce SW, Corso PJ, 
Lefrak EA: Comparisons of cardiac surgery outcomes 
in Jehovah’s versus non-Jehovah’s Witnesses. Am J 
Cardiol 2006; 98:1223–5

 6. Frank SM, Wick EC, Dezern AE, Ness PM, Wasey JO, 
Pippa AC, Dackiw E, Resar LM: Risk-adjusted clinical 

outcomes in patients enrolled in a bloodless program. 
Transfusion 2014; 54(10 pt 2):2668–77

 7. Guinn NR, Roberson RS, White W, Cowper PA, 
Broomer B, Milano C, Chiricolo A, Hill S: Costs and 
outcomes after cardiac surgery in patients refusing 
transfusion compared with those who do not: A case-
matched study. Transfusion 2015; 55:2791–8

 8. Vasques F, Kinnunen EM, Pol M, Mariscalco G, 
Onorati F, Biancari F: Outcome of Jehovah’s Witnesses 
after adult cardiac surgery: Systematic review and 
meta-analysis of comparative studies. Transfusion 2016; 
56:2146–53

 9. Chaturvedi S, Koo M, Dackiw L, Koo G, Frank SM, 
Resar LMS: Preoperative treatment of anemia and 
outcomes in surgical Jehovah’s Witness patients. Am J 
Hematol 2019; 94:E55–8

 10. Duce L, Cooter ML, McCartney SL, Lombard FW, 
Guinn NR: Outcomes in patients undergoing cardiac 
surgery who decline transfusion and received erythro-
poietin compared to patients who did not: A matched 
cohort study. Anesth Analg 2018; 127:490–5

 11. Marinakis S, Van der Linden P, Tortora R, Massaut J, 
Pierrakos C, Wauthy P: Outcomes from cardiac surgery 
in Jehovah’s Witness patients: Experience over twenty- 
one years. J Cardiothorac Surg 2016; 11:67

 12. Müller H, Ratschiller T, Schimetta W, Meier J, Gombotz 
H, Zierer A: Open heart surgery in Jehovah’s Witnesses: 
A propensity score analysis. Ann Thorac Surg 2020; 
109:526–33

 13. Reyes Garcia A, Vega González G, Andino Ruiz R: 
Short-term outcome of cardiac surgery under cardio-
pulmonary bypass in patients who refuse transfusion: 
A controlled study. J Cardiovasc Surg (Torino) 2018; 
59:729–36

 14. Tanaka A, Ota T, Uriel N, Asfaw Z, Onsager D, 
Lonchyna VA, Jeevanandam V: Cardiovascular surgery 
in Jehovah’s Witness patients: The role of preoper-
ative optimization. J Thorac Cardiovasc Surg 2015; 
150:976–83.e1-3

 15. Wolfson TS, Novikov D, Chen KK, Kim KY, 
Anoushiravani AA, Deshmukh AJ, Lajam CM: 
Total knee arthroplasty is safe in Jehovah’s Witness 
patients-A 12-year perspective. J Knee Surg 2020; 
33:34–41

 16. Frank SM, Chaturvedi S, Goel R, Resar LMS: 
Approaches to bloodless surgery for oncology patients. 
Hematol Oncol Clin North Am 2019; 33:857–71

 17. Klein AA, Bailey CR, Charlton A, Lawson C, Nimmo 
AF, Payne S, Ruck Keene A, Shortland R, Smith J, Torella 
F, Wade P: Association of Anaesthetists: Anaesthesia and 
peri-operative care for Jehovah’s Witnesses and patients 
who refuse blood. Anaesthesia 2019; 74:74–82

 18. Jorgensen T, Golbaba B, Guinn NR, Smith CE: When 
blood is not an option: The case for a standardized blood 
transfusion consent form. ASA Monitor 2017; 81:48–50

Copyright © 2021, the American Society of Anesthesiologists, Inc. Unauthorized reproduction of this article is prohibited.

D
ow

nloaded from
 http://asa2.silverchair.com

/anesthesiology/article-pdf/134/6/939/511584/20210600.0-00026.pdf by guest on 09 April 2024

mailto:nicole.guinn@dm.duke.edu
mailto:nicole.guinn@dm.duke.edu
www.anesthesiology.org
https://www.jw.org/en/jehovahs-witnesses/faq/how-many-jw/
https://www.jw.org/en/jehovahs-witnesses/faq/how-many-jw/


 Anesthesiology 2021; 134:939–48 947

Perioperative Management without Transfusion

Guinn et al.

 19. Tan GM, Guinn NR, Frank SM, Shander A: 
Proceedings from the Society for Advancement 
of Blood Management Annual Meeting 2017: 
Management dilemmas of the surgical patient-When 
blood is not an option. Anesth Analg 2019; 128:144–51

 20. Weiss G, Ganz T, Goodnough LT: Anemia of inflam-
mation. Blood 2019; 133:40–50

 21. Mast AE, Blinder MA, Dietzen DJ: Reticulocyte 
hemoglobin content. Am J Hematol 2008; 83:307–10

 22. Urrechaga E, Hoffmann JJML, Bernal A, Arévalo 
JA, Cabriada JL: Reticulocyte hemoglobin content 
(MCHr) in the assessment of iron deficient erythro-
poiesis in inflammatory bowel disease. Dig Liver Dis 
2018; 50:1178–82

 23. Goodnough LT, Maniatis A, Earnshaw P, Benoni G, 
Beris P, Bisbe E, Fergusson DA, Gombotz H, Habler 
O, Monk TG, Ozier Y, Slappendel R, Szpalski M: 
Detection, evaluation, and management of preop-
erative anaemia in the elective orthopaedic surgi-
cal patient: NATA guidelines. Br J Anaesth 2011; 
106:13–22

 24. Warner MA, Shore-Lesserson L, Shander A, Patel 
SY, Perelman SI, Guinn NR: Perioperative anemia: 
Prevention, diagnosis, and management throughout 
the spectrum of perioperative care. Anesth Analg 2020; 
130:1364–80

 25. Richards T, Baikady RR, Clevenger B, Butcher A, 
Abeysiri S, Chau M, Macdougall IC, Murphy G, Swinson 
R, Collier T, Van Dyck L, Browne J, Bradbury A, Dodd 
M, Evans R, Brealey D, Anker SD, Klein A: Preoperative 
intravenous iron to treat anaemia before major abdomi-
nal surgery (PREVENTT): A randomised, double-blind, 
controlled trial. Lancet 2020; 396:1353–61

 26. Feldschuh J, Enson Y: Prediction of the normal blood 
volume. Relation of blood volume to body habitus. 
Circulation 1977; 56(4 pt 1):605–12

 27. Muñoz M, Laso-Morales MJ, Gómez-Ramírez S, 
Cadellas M, Núñez-Matas MJ, García-Erce JA: Pre-
operative haemoglobin levels and iron status in a large 
multicentre cohort of patients undergoing major elec-
tive surgery. Anaesthesia 2017; 72:826–34

 28. Waters JH, Johnson P, Yazer MH: Prevalence of 
iron deficiency in a total joint surgery population. 
Hematology 2018; 23:537–41

 29. Rheude T, Pellegrini C, Lessmann L, Wiebe J, Mayr 
NP, Michel J, Trenkwalder T, Kasel AM, Schunkert 
H, Kastrati A, Joner M, Husser O, Hengstenberg C: 
Prevalence and clinical impact of iron deficiency in 
patients with severe aortic stenosis referred for tran-
scatheter aortic valve implantation. Am J Cardiol 2019; 
124:1442–8

 30. Tolkien Z, Stecher L, Mander AP, Pereira DI, Powell JJ: 
Ferrous sulfate supplementation causes significant gas-
trointestinal side-effects in adults: A systematic review 
and meta-analysis. PLoS One 2015; 10:e0117383

 31. Goodnough LT: Iron deficiency syndromes and 
iron-restricted erythropoiesis (CME). Transfusion 
2012; 52:1584–92

 32. Gómez-Ramírez S, Shander A, Spahn DR, Auerbach 
M, Liumbruno GM, Vaglio S, Muñoz M: Prevention 
and management of acute reactions to intrave-
nous iron in surgical patients. Blood Transfus 2019; 
17:137–45

 33. Ganzoni AM: [Intravenous iron-dextran: therapeu-
tic and experimental possibilities]. Schweiz Med 
Wochenschr 1970; 100:301–3

 34. Pasricha SR, Tye-Din J, Muckenthaler MU, Swinkels 
DW: Iron deficiency. Lancet 2021; 397:233–48

 35. Cho BC, Serini J, Zorrilla-Vaca A, Scott MJ, Gehrie 
EA, Frank SM, Grant MC: Impact of preoperative 
erythropoietin on allogeneic blood transfusions in sur-
gical patients: Results from a systematic review and 
meta-analysis. Anesth Analg 2019; 128:981–92

 36. Roger SD, Tio M, Park HC, Choong HL, Goh B, 
Cushway TR, Stevens V, Macdougall IC: Intravenous 
iron and erythropoiesis-stimulating agents in hae-
modialysis: A systematic review and meta-analysis. 
Nephrology (Carlton) 2017; 22:969–76

 37. Auerbach M, Silberstein PT, Webb RT, Averyanova S, 
Ciuleanu TE, Shao J, Bridges K: Darbepoetin alfa 300 
or 500 μg once every 3 weeks with or without intra-
venous iron in patients with chemotherapy-induced 
anemia. Am J Hematol 2010; 85:655–63

 38. McCartney S, Guinn N, Roberson R, Broomer B, 
White W, Hill S: Jehovah’s Witnesses and cardiac sur-
gery: A single institution’s experience. Transfusion 
2014; 54(10 pt 2):2745–52

 39. Lillicrap D: von Willebrand disease: Advances in patho-
genetic understanding, diagnosis, and therapy. Blood 
2013; 122:3735–40

 40. D’Errigo P, Biancari F, Rosato S, Tamburino C, 
Ranucci M, Santoro G, Barbanti M, Ventura M, Fusco 
D, Seccareccia F: Transcatheter aortic valve implanta-
tion compared with surgical aortic valve replacement 
in patients with anaemia. Acta Cardiol 2018; 73:50–9

 41. Elbadawi A, Naqvi SY, Saad M, Elgendy IY, Mahmoud 
AA, Zainal A, Megaly M, Almahmoud MF, Altaweel 
A, Kleiman N, Abbott JD: In-hospital outcomes with 
transfemoral versus transapical access for transcathe-
ter aortic valve replacement in patients with periph-
eral arterial disease. Cardiovasc Revasc Med 2020; 
21:604–9

 42. Rai BP, Bondad J, Vasdev N, Adshead J, Lane T, 
Ahmed K, Khan MS, Dasgupta P, Guru K, Chlosta 
PL, Aboumarzouk OM: Robotic versus open radical 
cystectomy for bladder cancer in adults. Cochrane 
Database Syst Rev 2019; 4:CD011903

 43. Chae C, Okocha O, Sweitzer B: Preoperative consid-
erations for Jehovah’s Witness patients: A clinical guide. 
Curr Opin Anaesthesiol 2020; 33:432–40

Copyright © 2021, the American Society of Anesthesiologists, Inc. Unauthorized reproduction of this article is prohibited.

D
ow

nloaded from
 http://asa2.silverchair.com

/anesthesiology/article-pdf/134/6/939/511584/20210600.0-00026.pdf by guest on 09 April 2024



948 Anesthesiology 2021; 134:939–48 Guinn et al.

CLINICAL FOCUS REVIEW

 44. Gamble JF, Maxwell CD, Gaca J, Guinn NR, Cho BC, 
Frank SM, Tibi PR: Successful ascending aorta and 
hemiarch replacement and aortic valve resuspension 
via redo median sternotomy using hypothermic circu-
latory arrest in a practicing Jehovah’s Witnesses patient. 
J Cardiothorac Vasc Anesth 2019; 33:1447–54

 45. Carless PA, Henry DA, Moxey AJ, O’Connell D, Brown 
T, Fergusson DA: Cell salvage for minimising perioper-
ative allogeneic blood transfusion. Cochrane Database 
Syst Rev 2010; 4:CD001888

 46. Goucher H, Wong CA, Patel SK, Toledo P: Cell salvage 
in obstetrics. Anesth Analg 2015; 121:465–8

 47. Kumar N, Ahmed Q, Lee VK, Chen Y, Zaw AS, Goy R, 
Agrawal RV, Dhewar AN, Wong HK: Can there be a 
place for intraoperative salvaged blood in spine tumor 
surgery? Ann Surg Oncol 2014; 21:2436–43

 48. Barile L, Fominskiy E, Di Tomasso N, Alpìzar Castro 
LE, Landoni G, De Luca M, Bignami E, Sala A, 
Zangrillo A, Monaco F: Acute normovolemic hemo-
dilution reduces allogeneic red blood cell trans-
fusion in cardiac surgery: A systematic review and 
meta-analysis of randomized trials. Anesth Analg 
2017; 124:743–52

 49. Zhou X, Zhang C, Wang Y, Yu L, Yan M: Preoperative 
acute normovolemic hemodilution for minimizing 
allogeneic blood transfusion: A meta-analysis. Anesth 
Analg 2015; 121:1443–55

 50. Roberts I, Shakur H, Coats T, Hunt B, Balogun E, 
Barnetson L, Cook L, Kawahara T, Perel P, Prieto-
Merino D, Ramos M, Cairns J, Guerriero C: The 
CRASH-2 trial: A randomised controlled trial and 
economic evaluation of the effects of tranexamic 
acid on death, vascular occlusive events and transfu-
sion requirement in bleeding trauma patients. Health 
Technol Assess 2013; 17:1–79

 51. Collaborators WT: Effect of early tranexamic acid 
administration on mortality, hysterectomy, and other 
morbidities in women with post-partum haemorrhage 
(WOMAN): An international, randomised, double-blind, 
placebo-controlled trial. Lancet 2017; 389:2105–16

 52. Derzon JH, Clarke N, Alford A, Gross I, Shander A, 
Thurer R: Reducing red blood cell transfusion in 
orthopedic and cardiac surgeries with antifibrinolytics: 

A laboratory medicine best practice systematic review 
and meta-analysis. Clin Biochem 2019; 71:1–13

 53. Wong J, El Beheiry H, Rampersaud YR, Lewis S, 
Ahn H, De Silva Y, Abrishami A, Baig N, McBroom 
RJ, Chung F: Tranexamic acid reduces perioperative 
blood loss in adult patients having spinal fusion surgery. 
Anesth Analg 2008; 107:1479–86

 54. Resar LM, Wick EC, Almasri TN, Dackiw EA, Ness 
PM, Frank SM: Bloodless medicine: Current strategies 
and emerging treatment paradigms. Transfusion 2016; 
56:2637–47

 55. Tran A, Yates J, Lau A, Lampron J, Matar M: Permissive 
hypotension versus conventional resuscitation strategies 
in adult trauma patients with hemorrhagic shock: A sys-
tematic review and meta-analysis of randomized con-
trolled trials. J Trauma Acute Care Surg 2018; 84:802–8

 56. Jiang J, Zhou R, Li B, Xue F: Is deliberate hypotension 
a safe technique for orthopedic surgery?: A systematic 
review and meta-analysis of parallel randomized con-
trolled trials. J Orthop Surg Res 2019; 14:409

57. Salmasi V, Maheshwari K, Yang D, Mascha EJ, Singh A, 
Sessler DI, Kurz A: Relationship between intraoperative 
hypotension, defined by either reduction from baseline 
or absolute thresholds, and acute kidney and myocardial 
injury after noncardiac surgery: A retrospective cohort 
analysis. Anesthesiology 2017; 126:47–65

 58. Wikkelsø A, Wetterslev J, Møller AM, Afshari A: 
Thromboelastography (TEG) or rotational throm-
boelastometry (ROTEM) to monitor haemostatic 
treatment in bleeding patients: A systematic review with 
meta-analysis and trial sequential analysis. Anaesthesia 
2017; 72:519–31

 59. Chant C, Wilson G, Friedrich JO: Anemia, transfusion, 
and phlebotomy practices in critically ill patients with 
prolonged ICU length of stay: A cohort study. Crit 
Care 2006; 10:R140

 60. Jahr JS, Guinn NR, Lowery DR, Shore-Lesserson L, 
Shander A: Blood substitutes and oxygen therapeutics: 
A review. Anesth Analg 2021; 132:119–29

 61. Weiskopf RB, Beliaev AM, Shander A, Guinn NR, Cap 
AP, Ness PM, Silverman TA: Addressing the unmet need 
of life-threatening anemia with hemoglobin-based 
oxygen carriers. Transfusion 2017; 57:207–14

Copyright © 2021, the American Society of Anesthesiologists, Inc. Unauthorized reproduction of this article is prohibited.

D
ow

nloaded from
 http://asa2.silverchair.com

/anesthesiology/article-pdf/134/6/939/511584/20210600.0-00026.pdf by guest on 09 April 2024


