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Background: We compared the clinical outcomes of cardiac valve surgery in adult Jehovah's Witness patients refusing blood transfu-
sion to those in non-Jehovah's Witness patients without any transfusion limitations.

Methods: From 2005 to 2014, 25 Jehovah's Witnesses (JW group) underwent cardiac valve surgery using a blood conservation strat-
egy. Twenty-five matched control patients (non-JW group) were selected according to sex, age, operation date, and surgeon. Both
groups were managed according to general guidelines of anticoagulation for valve surgery.

Results: The operative mortality rate was 4.0% in the JW group and 0% in the non-JW group (p = 1.000). There was no difference in
postoperative major complications between the groups (p = 1.000). The overall survival rate at 5 and 10 years was 85.6% + 7.9% and
85.6% * 7.9% in the JW group, respectively, and 100.0% + 0.0% and 66.7% =+ 27.2% in the non-JW group (p = 0.313). The valve-related
morbidity-free survival rates (p = 0.625) and late morbidity-free survival rates (p = 0.885) were not significantly different between the
groups.

Conclusions: Using a perioperative strategy for blood conservation, cardiac valve surgery without transfusion had comparable clinical
outcomes in adult patients. This blood conservation strategy could be broadly applied to major surgeries with careful perioperative
care.
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Introduction

Cardiac valve surgery is considered a major surgery with a high chance of hemorrhage and extracorporeal circulation dilu-
tion. Members of Jehovah’s Witnesses (JW), a Christian denomination, refuse blood transfusions based on religious beliefs.[1,2]
Therefore, cardiac surgery, which is often accompanied by massive bleeding, can be challenging in these patients and requires
alternative operative techniques and perioperative management.

Since the early 2000s, our institution has applied a comprehensive multimodality program for the refusal of blood transfu-

sion in JW undergoing open heart surgery. This blood conservation strategy without transfusion has been set and modified

based on previous studies.[3-5] Our strategy comprises four
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following cardiac valve operations are lacking. Therefore,
we focused on the clinical outcomes of JW after cardiac
valve procedures and compared these results to those of
non-JW patients who underwent cardiac valve operation

without any transfusion limitations.

Materials and Methods

1) Study population
We reviewed our database of 94 JW patients undergoing

Table 1. Preoperative and operative data

cardiac surgery from July 1, 2005 to December 31, 2014.
We excluded cases of off-pump coronary bypass surgery (n
= 18), patients younger than 19 years (n = 22), and repeat
operations (n = 4), resulting in the inclusion of 50 adult
patients who underwent initial open heart surgery using
cardiopulmonary bypass (CPB). Finally, patients who did
not undergo cardiac valve surgery were excluded (coronary
bypass surgery, n = 11; atrial septal defect repair, n = 4; ven-
tricular septal defect repair, n = 3; myxoma resection, n =
3; other, n = 4), leaving a final population of 25 JW patients
(JW group). Among patients who were not JW and under-

Variables JW group (n = 25) non-JW group (n = 25) p*
Age (years) 540+115 541 +115 0.993
Female 18 (72.0%) 18 (72.0%) 1.000
NYHA functional class 26+08 26+06 1.000
DM 2 (8.0%) 2 (8.0%) 1.000
Hypertension 5 (20.0%) 5 (20.0%) 1.000
CVA 1 (4.0%) 2 (8.0%) 1.000
Hyperlipidemia 3(12.0%) 5 (20.0%) 0.702
Peripheral artery disease 1(4.0%) 0(0.0%) 1.000
Atrial fibrillation 10 (40.0%) 6 (24.0%) 0.364
Preop EF (%) 62.8+7.9 59.4 +12.8 0.253
Operated valve

Aortic 11 (44.0%) 15 (60.0%) 0.396

Mitral 17 (68.0%) 16 (64.0%) 1.000

Tricuspid 10 (40.0%) 4 (16.0%) 0.114
Multiple valve surgery 1 (44.0%) 7 (28.0%) 0.377
Valve replacement 18 (72.0%) 21 (84.0%) 0.496

Mechanical valve 15 (60.0%) 16 (64.0%) 1.000
Concomitant procedures 9 (36.0%) 7 (28.0%) 0.762

Maze procedure 8 17

Ascending aorta replacement 1 1

ASD closure 0 1
CPB time (min) 133.3+35.6 130.8 + 34.1 0.799
ACGC time (min) 100.3 + 30.0 96.3+27.9 0.628
Acute normovolemic hemodilution 6 (24.0%) 3(12.0%) 0.463
Blood cardioplegia 8 (72.0%) 19 (76.0%) 1.000
Emergency or urgency 1(4.0%) 0(0.0%) 1.000
Perioperative transfusion 0(0.0%) 22 (88.0%) <0.000

Data are presented as mean + standard deviation, or number (%). Tricuspid valve procedures were all concomitantly performed with other valve procedures, except one

case in the JW group.

“Student's £ test for continuous variables, Fisher's exact test for categorical variables.
JW: Jehovah's Witnesses; NYHA: New York Heart Association; DM: diabetes mellitus; CVA: cerebrovascular accident; ASD: atrial septal defect; EF: ejection fraction;
CPB: cardiopulmonary bypass; ACC: aortic cross-clamping.
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went cardiac valve surgery during the same period, 41 were
selected according to sex, age (+ 1 year), date of surgery (+
1 year), and operating surgeon. Of those, 25 patients (non-
JW group) were selected by one-to-one matching with each
patient of the JW group.

The preoperative and operative data in the JW and non-JW
groups are described in Table 1. A specific protocol was used
in the management of JW patients, while the control group
received blood transfusions as needed without any restric-
tions. In the non-JW group, the perioperative transfusion
rate was 88.0% (n = 22). The blood conservation strategy at
our center, which contains four phases and two objectives in
each phase, is briefly summarized in Table 2. This study was
reviewed and approved by the Institutional Review Board of

our center. Individual patient consent was waived.

2) Blood conservation strategy
During the study period, patients were managed accord-

ing to standardized clinical protocols, as described below.

Table 2. Blood conservation strategy for adult Jehovah’s witnesses

Anesthetic and surgical techniques were standardized for all
patients.

In the JW group, alcohol consumption and medications
or supplements that can increase the risk of bleeding (e.g.,
celecoxib, vitamin E, ginkgo supplements, garlic) were dis-
continued before the operation. Erythropoietin (500 units/
kg per day, every-other-day) was subcutaneously injected,
as indicated, toward a goal hemoglobin level of 13 g/dL
(male) or 12 g/dL (female). Components of iron, folate,
calcium, and vitamin C were supplied. Aspirin (three to five
days before operation) and clopidogrel (seven days before
operation) were withheld in all patients. The international
normalized ratio (INR) was normalized and converted to
unfractionated heparin in patients receiving warfarin. Hepa-
rin infusion was adjusted to maintain an activated partial
thromboplastin time of 50-70 seconds.

In some cases in each group, acute normovolemic hemo-
dilution was performed (5-8 mL/kg).[17] The inclusion cri-

terion was a hemoglobin level higher than 13 g/dL in males

Phase Objective Contents
Preoperative Maintenance Discontinue intake of alcohol, and medications or supplements that may increase bleeding risk
Withdrawal of aspirin (3 to 5 days before operation) and clopidogrel (7 days before operation)
Conversion warfarin to unfractionated heparin
Reduced laboratory sampling
Reinforcement Subcutaneous erythropoietin (500 units/kg per day, every-other-day) as indicated, toward goal hemoglobin
of 13 g/dL (male) or 12 g/dL (female)
Supplement of iron, folate, calcium, vitamin C
Intraoperative Maintenance Hyperoxic ventilation
Hypotensive anesthesia
Low-volume acute normovolemic hemodilution; volume target to Hb 10 g/dL and simultaneous replace-
ment of same volume colloid solution
Hemostatic operative technique
Reduced laboratory sampling
Reinforcement Cell salvage and re-transfusion using a cell saving device
CPB Maintenance Minimum volume in cardiopulmonary bypass circuit
Retrograde autologous priming
Reinforcement Modified ultrahemofiltration
Postoperative Maintenance Anticoagulants including tranexamic acid
Reduced laboratory sampling
Reinforcement Shed mediastinal and pleural blood reinfusion using a cell saving device

Preoperative drugs re-use (erythropoietin, iron, folate, calcium, vitamin C)

CPB: cardiopulmonary bypass.
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and 12 g/dL in females. After anesthetic induction, venous
blood was drained into a collecting bag through a central
venous line, and the same volume of colloid solution was
replaced through another venous line. Blood in the collect-
ing bag was stored at room temperature during the operation
and then re-transfused after protamine administration.

All patients underwent the operation under moderate hy-
pothermia (32°C) and alpha-stat pH management. The com-
ponents of the CPB circuits were identical for both groups.
A centrifugal pump with a hollow-fiber oxygenator and
polymethylpentene-coated CPB circuits (Capiox, Terumo,
Tokyo, Japan) were used in all cases. An initial dose of
heparin (300 units/kg) was administered to achieve and
maintain an activated clotting time (ACT) longer than 480
seconds. The ACT was measured every hour during CPB.
In both groups, heparin and protamine administrations were
monitored by a dose-response assay.

We conducted a retrograde autologous priming (RAP)
technique in the JW group, using a modified protocol based
on previous studies.[18,19] The CPB circuits were primed
with 1,700 mL of crystalloid solution. Before the initiation
of bypass, some of the prime volume was slowly removed
from the reservoir and venous line. The crystalloid solution
in the CPB circuit was slowly substituted for the patient’s
blood by retrograde filling. The volume in the venous side
of the circuit was drained, followed by that in the arterial
side. The drainage was stopped when the patient’s systolic
blood pressure decreased to less than 90 mmHg. With this
technique, we were able to reduce the crystalloid prime vol-
ume to an average of 700 mL. As a result, about 1,000 mL
of crystalloid solution could be removed.

Myocardial protection was achieved with cold antegrade
crystalloid cardioplegia (HTK solution, Alsbach-Hdhnlein,
Germany) or cold retrograde blood cardioplegia (1:4), ac-
cording to surgeon preference, supplemented by topical
cooling with cold saline solution. Field blood was aspirated
into a cardiotomy pump sucker during CPB and into a cell
saving device (autoLog Autotransfusion System, Medtronic,
Minneapolis, MN, USA) before and after CPB. Field blood
collected in the suckers was not discarded. All sponges were
wrung into a bowel, and the drainage was directed to a cell
saving device.

Modified ultrahemofiltration during CPB was used to con-

centrate blood whenever feasible. After separation from CPB,

heparin was neutralized with protamine sulfate, 1 mg per
100 units of heparin, to achieve an ACT within 10% of the
baseline. In the JW group, after the operation and during the
intensive care unit stay, shed mediastinal and pleural blood
was collected into a reservoir and reinfused using a cell saving
device. Antifibrinolytic drugs such as tranexamic acid or apro-
tinin were used prophylactically, depending on bleeding risk.
Aprotinin was last used in October 2007. After the operation,
patients were transferred to the intensive care unit and man-

aged according to protocol.

3) Anticoagulation

The JW patients were subject to the same general guide-
lines of anticoagulation for prosthetic cardiac valve as were
the non-JW patients. We recommended a biologic valve in
patients older than 65 years or those with contraindication
to anticoagulation. In contrast, patients younger than 65
years were advised to choose a mechanical valve. In cases
using mechanical valves, warfarin treatment was started
with a target range of prothrombin time INR of 2.0 to 3.0.
In patients with atrial fibrillation and a history of thrombo-
embolic event, INR was maintained between 2.5 and 3.5
with warfarin. Patients with biological valves were advised
to take warfarin for the first three months and then were dis-

charged for the follow-up period.

4) Data definitions

The primary outcomes of this study were perioperative
mortality and morbidity. For this analysis, operative mortal-
ity was defined as death during the hospitalization period
after surgery or after discharge but within 30 days of sur-
gery. Major postoperative complications included myocar-
dial infarction; intra-aortic balloon pump usage; moderate
to severe left ventricular dysfunction (ejection fraction less
than 40%); new onset of supraventricular arrhythmia; per-
manent stroke; reoperation for any reason including bleed-
ing control, sternal wound infection including mediastinitis,
renal insufficiency, or renal failure requiring dialysis or
hemofiltration; and pneumonia. Renal insufficiency was
defined as a serum creatinine level higher than 2.0 mg/dL
or an increase to at least 2.0 times the preoperative baseline
concentration. Late morbidity and mortality were defined by
the “Guidelines for reporting morbidity and mortality after

cardiac valvular operations.”[20] In addition, new onset
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Table 3. Perioperative and late outcomes

Variables JW group (n = 25) non-JW group (n = 25) p*
Operative death 1(4.0%) 0(0.0%) 1.000
Postoperative complications 7 (28.0%) 7 (28.0%) 1.000

LV dysfunction 2 2

RV failure 1 0

IABP support 0 2

Arrhythmia 1 2

Renal failure or insufficiency 3 1

Sternal wound infection 2 1

Re-sternotomy bleeding control 0 1

Gastrointestinal bleeding 0 1
Postop length of stay (days) 202 +13.3 16.7 +6.5 0.252
Postop EF (%) 56.6 £ 10.9 56.1+11.5 0.866
(pre—post) difference of EF (%) 6.2+11.0 3.3+91 0.309
Late mortality 3 1 0.313
Late morbidity 5 5 0.685
Bleeding 1 2
Embolism 1 1
Reintervention 2 0

Congestive heart failure 1 2

Arrhythmia 0 2
Late valve-related morbidity 4 3 0.625

Data are presented as mean + standard deviation, or number (%).

“Student’s £ test for continuous variables, Fisher's exact test for categorical variables, log-rank test in survival curve by Kaplan-Meier method for late outcomes.
JW: Jehovah's Witnesses; LV: left ventricle; RV: right ventricle; IABP: intra-aortic balloon pump; EF: gjection fraction.

of congestive heart failure or supraventricular arrhythmia
requiring medical or surgical treatment was defined as late

morbidity.

5) Follow-up

Clinical follow-up data were collected from our database
through retrospective review of medical records. Follow-up
information was obtained by telephone interviews of pa-
tients or their relatives and through the national medical in-
surance database. The mean duration of follow-up was 70.6
+ 38.8 and 76.5 + 34.2 months in the JW group and the non-
JW group, respectively (p = 0.576), and 98.0% (n = 49) of
surviving patients completed the follow-up. Overall survival
was measured from the date of surgery to the date of death

or of the last contact while the patient was alive. Event-free

survival was measured from the date of surgery to the date of
the first event or the last contact while the patient was alive.

6) Statistical analysis

Descriptive statistics were calculated using the mean =+
standard deviation for continuous variables and number and
percentage for categorical variables. Differences between
groups for continuous and categorical variables were calcu-
lated using Student’s #-test and Fisher’s exact test, respec-
tively. Results with p-values less than 0.05 were considered
statistically significant. Long-term survival and event-free
survival were analyzed using the Kaplan-Meier method. A
log-rank test was used to compare the survival curves be-
tween groups. The SPSS Statistical software 20.0 program
(SPSS, Chicago, IL, USA) was used for statistical analyses.
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Results

1) Operative outcomes

The operative mortality rate was 4.0% (one patient) in the
JW group, and there were no operative deaths in the non-
JW group (p = 1.000). The cause of operative death in the
JW group was right ventricular (RV) failure. RV failure and
concomitant mediastinal hematoma collection were post-
operatively detected by echocardiography. Hemodynamic
status temporally improved after emergency explo-thoracot-
omy. However, no right ventricular assistance device could
easily be applied at that time. Because the patient’s hemo-
globin level was 8.4 g/dL and the platelet count was 30,000/
mm’, mechanical circulatory support could not be performed
without blood transfusion due to the high bleeding risk.

Major postoperative complications occurred in seven pa-
tients in each group (p = 1.000) (Table 3). There were no
bleeding events in the JW group. In the two cases of sternal
wound infection in the JW group, additional wound repair

was successfully achieved without blood transfusion.

2) Long-term outcomes

Overall, there were four late deaths during the follow-
up period, including three in the JW group and one in the
non-JW group. The causes of death in the JW group were
intracranial hemorrhage (n = 1), cardiogenic shock during
percutaneous coronary intervention (n = 1), and unknown
(n =1). In the non-JW group, one patient died due to acute
heart failure soon after aortic surgery, which was performed
nine years after valve surgery. The late morbidities in both
groups are summarized in Table 3.

There were no significant differences in overall survival,
valve-related morbidity, or late morbidity between the two
groups. The actuarial rates of overall survival at 1, 5, and
10 years were 95.8% + 4.1%, 85.6% + 7.9%, and 85.6% =+
7.9% in the JW group, respectively, and 100.0% + 0.0%,
100.0% = 0.0%, and 66.7% + 27.2% in the non-JW group
(log-rank, p = 0.313) (Fig. 1). The actuarial valve-related
morbidity-free survival rates at 1, 2, and 5 years were 85.7%
+ 6.8%, 85.7% + 6.8%, and 81.3% + 8.7% in the JW group,
respectively, and 96.0% + 3.9%, 91.6% + 5.7%, and 86.5%
+ 7.3% in the non-JW group (log-rank, p = 0.625) (Fig. 2).
The actuarial late morbidity-free survival rates at 1, 2, and 5
years were 91.7% + 5.6%, 83.3% £ 7.6%, and 76.9% + 9.3%

in the JW group, respectively, and 96.0% + 3.9%, 87.6% +
6.7%, and 77.8% + 8.9% in the non-JW group (log-rank, p
= 0.885) (Fig. 3).

3) Hematologic data

There were no significant differences in preoperative, in-
traoperative, or postoperative hematologic values between
the JW group and the non-JW group (Table 4). In addition,
the decreased levels of hemoglobin and hematocrit were
within the acceptable ranges for both groups. Creatinine
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Fig. 1. Actuarial overall survival in the JW and non-JW groups
(log-rank, p = 0.313). JW: Jehovah’s Witness.
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level as an indicator of renal injury was not statistically sig-

nificant between the groups.

Discussion

A major finding of this study was that cardiac valve sur-
gery using a blood conservation strategy without transfusion
for Jehovah’s Witnesses had similar perioperative results

compared to those in non-Jehovah’s Witnesses undergo-
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Fig. 3. Actuarial late morbidity-free survival in the JW and non-
JW groups (log-rank, p = 0.885). JW: Jehovah’s Witness.

Table 4. Hematologic data

ing a strategy involving transfusion. In addition, long-term
clinical outcomes for Jehovah’s Witnesses were satisfactory
without any modifications to the general anticoagulation
guidelines for the management of a prosthetic cardiac valve.

Rosengart et al.[3] introduced a multimodality blood con-
servation program that included technical and pharmacologic
measures. Their algorithmic application of the multimodality
program was divided into preoperative, intraoperative, and
postoperative periods. Using their protocol, there were no
significant differences in the operative results of Jehovah’s
Witnesses compared with those of non-Jehovah’s Witnesses.
However, their comparative study did not include cardiac
valve surgery. Although others have compared the clinical
outcomes between Jehovah’s Witnesses and control groups,
their reports did not dictate the exact proportion of valve
procedures among the total population.[13,14] In recent
comparative studies, cardiac valve surgery comprised only
one-quarter or one-half of the total population.[15,16] In a
report by Pattakos et al.,[16] about 8% of the total cohort
did not undergo cardiopulmonary bypass Our study included
only cases of cardiac valve surgery using cardiopulmonary
bypass, distinguishing it from other studies.

In the 1970s, Ott and Cooley[21] reported the results of
cardiovascular surgery in 542 Jehovah’s Witnesses patients.
Among these patients, the early mortality rate of the 362 pa-
tients requiring cardiopulmonary bypass was 10.7%. How-
ever, among 126 patients who underwent valve operation,

Variables JW group (n = 25) non-JW group (n = 25) p*

Preop Hb (g/dL) 130+15 132+14 0.705
Postop Hb (g/dL) 11.7+16 122+1.7 0.273
(pre—post) difference of Hb (g/dL) 13+13 09+19 0.414
Preop Hct (%) 38.9+39 39.0+37 0.936
Lowest Het during CPB (%) 233+25 228+22 0.511
Postop Hct (%) 352 +5.1 35947 0.639
(pre—post) difference of Het (%) 37+40 31+54 0.677
(pre—CPB) difference of Het (%) 156 +35 16.1 £33 0.584
Preop Cr (mg/dL) 0.96 +0.30 0.88 +0.25 0.292
Postop Cr (mg/dL) 1.23+0.43 1.11+0.38 0.289
(post—pre) difference of Cr (mg/dL) 0.27 +0.28 022 +0.27 0.600

Data are presented as mean + standard deviation.
*Student's 7 test for continuous variables.

JW: Jehovah's Witnesses ; Hb: hemoglobin; Het: hematocrit; CPB: cardiopulmonary bypass; Cr: serum creatinine.
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the early mortality rate was 13.5%. Cardiac valve operation
accompanied by a relatively long cardiotomy is consid-
ered different than coronary artery bypass surgery. Direct
incision in the cardiac chamber can increase the chance of
postoperative bleeding. Also, valvular heart disease has dif-
ferent clinical and hemodynamic features from coronary
artery disease. In addition, a heterogeneous study popula-
tion can inevitably cause bias. We tried to focus on cardiac
valve surgery, for which it is imperative to open the cardiac
chamber, unlike coronary artery bypass surgery. For direct
comparison without unnecessary bias, a total of 25 matched
patients (non-JW group) were randomly selected from our
database according to sex, age (£ 1 year), date of surgery (+
1 year), and operating surgeon.

Extracorporeal hemodilution is common with the use of a
CPB circuit and can be associated with adverse outcomes.
[22,23] The RAP technique has been used to reduce the
degree of hemodilution during CPB. Since the early 2000s,
we have routinely performed this technique in Jehovah’s
Witnesses in order to reduce the CPB prime volume.[18,19]
Rosengart et al.[19] withdrew about 900 mL from 1,400 mL
of initial prime, leaving about 500 mL in volume. With our
technique, up to 700 mL of prime volume can be removed.
Although the remaining prime volume was larger than in
the previous study, the lowest hematocrit value during CPB
in our study was 23.1% =+ 2.3%. This was satisfactory and in
good agreement with previous results (22% + 3%).

A low hematocrit value less than 22% during CPB signifi-
cantly increased the risk of stroke, myocardial infarction,
low cardiac output, cardiac arrest, renal failure, prolonged
ventilation, pulmonary edema, etc.[22] In contrast, moder-
ate hemodilution (21-25%) during CPB was not signifi-
cantly correlated with acute renal failure requiring dialysis.
[24,25] The lowest hematocrit values in our study were
23.3% in the JW group and 22.8% in the non-JW group
(Table 4). These results are within a safe range to prevent
adverse clinical outcomes. Even though the intraoperative
transfusion rate in the non-JW group was 88.0% (n = 22), it
is worth noting that the lowest hematocrit values in the JW
group was similar to that of the non-JW group (p = 0.511).
Our findings verified that the RAP technique is an effective
method to reduce extracorporeal hemodilution and is help-
ful in decreasing perioperative adverse outcomes.

Our study has some inherent limitations as it is a retro-

spective review performed in a single medical institution.
The clinical outcomes of our study had low statistical power
due to the small number of patients and events. However,
we were able to obtain meaningful results with respect to
postoperative outcomes by performing statistical analysis.
Although we have successfully implemented this blood con-
servation strategy without transfusion in the management of
Jehovah’s Witnesses, this program has not been extended to
the general population undergoing cardiac operations in our
institution, because this approach would require the altera-
tion of general perioperative processes and lead to higher
costs for pharmacologic agents and appropriate instruments.
Our institution does not have strict or specific guidelines
for blood transfusion, but we consider blood transfusion in
cases where the hemoglobin level is lower than 10 g/dL. We
are not concerned about the amount of postoperative chest
tube drainage. In this retrospective study, it was difficult
to quantify the amount of postoperative bleeding because
mediastinal and pleural blood being shed was reinfused us-
ing a cell saving device (autoLog Autotransfusion System,
Medtronic, Minneapolis, MN, USA). Also, it was impos-
sible for us to evaluate the sanguinity of this blood. Thus,
we excluded this variable in the statistical analysis. We last
used the drug aprotinin in October 2007, but the effect of
this drug was not considered in this study.

In conclusion, the importance of our study is that cardiac
valve surgery was performed safely without blood transfu-
sion by applying an optimal blood conservation strategy.
More generalized application of these measures might allow
for increased “transfusion-free” operations in the general
population. However, more definitive and reliable evidence
should be provided by well-designed trials including other
major operations and a larger population.
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