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Introduction: Early onset scoliosis (EOS) represent a challenge for spine surgeons. The selection of the best
treatment is complex. Some patients, such as Jehovah's Witnesses who refuse blood transfusions, are at high risk
of complication when surgical treatment is required because blood loss is a major cause of morbidity and post-
operative transfusion rates.
Research question: Describe blood-saving techniques that allowed an extensive and invasive surgical procedure in a
Jehovah's Witness patient.
Material and method: 17-year-old Jehovah's Witness girl with severe 120� Cobb Lenke 1A idiopathic scoliosis
started as EOS was prepared with 4 cycles of recombinant human erythropoietin, iron and folic acid supple-
mentation that brought her hemoglobin level from 13.6 g/dl to 16.2 g/dl. In the first surgical time, a temporary
rod was implanted. Spine dissection using bipolar sealer and a special electrocautery that operates at lower
temperatures than traditional ones was performed. Facetectomies and multilevel Ponte osteotomies was per-
formed using an ultrasonic bone scalpel. The second surgical time, the definitive rods were placed, and the
correction of the deformity was achieved using the rod link reducer technique.
Results: A good correction of the main curve in the coronal plane is achieve. The Hb nadir was 7.2 g/dl four days
after the second operation. The postoperative course was uneventful.
Discussion and conclusion: The integration of modern and traditional preoperative, intraoperative, and post-
operative blood sparing techniques allowed us to perform an extensive and invasive surgical procedure in a Je-
hovah's Witness girl with a severe idiopathic scoliosis.
1. Introduction

Early-onset scoliosis (EOS) is defined as a spinal deformity in patients
under 10 years of age (Hardesty et al., 2018). Over the last two decades,
there has been a significant evolution in the knowledge and treatment of
this pathology. Better understanding of relationship between the chest
wall, the lungs, the heart, and the spine has allowed extraordinary ad-
vancements in the treatment of this challenging clinical entity.
Non-surgical treatment of EOS includes derotational casting, which en-
tails the advantage of preserving chest and delaying spine growth
(Sanders et al., 2009). Otherwise, if the deformity is no longer controlled
by conservative procedures, the treatment is converted to surgery (Yang
et al., 2016).
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The surgical options include growth-friendly techniques, such as
traditional dual growing rods, vertical expandable prosthetic titanium
rib, and magnetic expansion control systems. There are also growth
modulation techniques, such as Shilla growth guidance system, and more
modern techniques, such as vertebral body tethering (Baroncini et al.,
2021). Unfortunately, most of these systems eventually result in a
definitive spine fusion (Skaggs et al., 2014).

In pediatric scoliosis fusion surgery, blood loss is a major cause of
morbidity, and postoperative transfusion rates reported in the literature
range from 37 to 85% (Joseph et al., 2008). However, certain patients (or
parents) refuse blood transfusions and acceptance of blood by a Jehovah
Witness (JW), for example, would entail exclusion and excommunication
from the church, resulting in social isolation by their own relatives and
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friends (Lawson and Ralph, 2015). Important spine deformities in JW
patients therefore represent unique challenges for spine surgeons and
surgery is in many cases declined.

In this article, we present a 17-year-old JW girl with idiopathic
scoliosis that started as EOS when she was 8 years old and came to our
attention when she had developed a severe and rigid curve that required
correction and fusion. Here we discuss the feasibility of complex scoliosis
surgery in JW patients.

2. Case report

A 17-year-old female JW patient presented to our clinic with a 120�

Cobb right thoracic curve from T5 to L1, with the apex at T9. Her
menarche was at 12 years and 5 months of age, she was 154 cm tall and
weighed 44 kg (BMI 18.6). The main curve was extremely rigid and
corrected only 15% on lateral bending. The fulcrum bending radiograph
showed no further correction of the deformity. Preoperative radiographs
showed a right trunk shift of 54 mm and right shoulder elevation of 6�,
the T1-S1 height was 35.3 cm and the Risser sign indicated complete
skeletal maturity. Thoracic kyphosis was moderately augmented (61�).
The curve was classified as Lenke type 1Aþ (Rose and Lenke, 2007)
(Fig. 1A–C). Clinically, her lower extremities were equal in length, with
level iliac crests. The neurologic examination was normal. On
forward-bend testing, the right rib hump was 75 mm high (Fig. 2A–C).
Her medical history included an endocarditis treated with hospitalization
and IV antibiotics in 2011, but she was otherwise fit and well. In her
family, there was no history of scoliosis. The neuraxis was studied with a
total spine MRI to rule out the presence of syrinx, tethered cord, or Chiari
malformation. The patient had been diagnosed with juvenile idiopathic
scoliosis when she was 7 years old and a Lyon brace treatment was
initiated, with instructions to wear the brace for 18 h daily. However, due
to poor patient compliance, it was suspended after only 3 months and
physical therapy alone was undertaken thereafter. The patient was fol-
lowed at regular intervals with serial radiographs at other orthopedics
departments. The deformity gradually progressed from 28� to 56� over 3
years and after the menarche, it increased rapidly to 110� over 13months
(Fig. 3A–E). When the patient finally came to our attention, the magni-
tude of the curve mandated a complex corrective surgery. A surgical
intervention consisting of posterior instrumented arthrodesis from T3 to
L2 and multilevel Ponte osteotomies (MPO) was proposed. The risks,
benefits, and alternative treatments, particularly three-column osteoto-
mies and vertebral column resection were discussed with the family, who
Fig. 1. Preoperative radiographs: A) AP view, B)
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consented to surgery on the condition that no blood transfusion was
employed. Her parents accepted to resort to intraoperative cell-saving
techniques.

The patient underwent preoperative preparation with recombinant
human erythropoietin (rEPO). Preoperatively, her hemoglobin (Hgb)
level was 13.6 g/dl. She was administered iron and folic acid supple-
mentation together with rEPO 10 000 units subcutaneously weekly for a
total of 4 weeks. Three days before surgery, her Hgb level was 16.2 g/dl.

The day of the operation, the patient was placed in a prone position
on a Jackson table allowing the abdomen to hang free, thereby reducing
the pressure on the abdomen. During surgery, 1g of tranexamic acid was
administered IV and 2 mg/kg/hour was maintained; the mean arterial
pressure (MAP) was lowered to 70 mmHg during the dissection to reduce
intraoperative bleeding. The operation was performed through a poste-
rior only approach. Muscles were dissected subperiosteally up to the tips
of transverse vertebral processes from T3 to L2. Soft tissue dissector
(PlasmaBlade®), bipolar sealer device (Aquamantys®), and warm saline-
soaked gauzes were employed, thereby promoting the coagulation pro-
cess and minimizing blood loss. Spinal cord monitoring was employed to
record motor evoked (MEP) and somatosensory evoked potentials (SSEP)
during the entire procedure. Under fluoroscopic guidance, pedicle screws
were inserted unilaterally at T3, T4, L1, and L2 levels on the concave side
of the curve, according to the surgical planning. Subsequently, a tem-
porary rod was applied, and a first moderate distraction of the curve was
undertaken. Posterior musculoskeletal release and facetectomies were
done bilaterally within the instrumented segment. MPOs were then
performed from T6 to L1 with an ultrasonic bone scalpel (Misonix®) to
maximize the flexibility of the spine. The remaining pedicle screws were
inserted bilaterally from T3 to L2. Finally, a second wider distraction
maneuver was done to obtain a partial correction of the deformity and
successively place the definitive rods. However, some minutes after the
distraction, a sharp bilateral decrease of SSEPs and MEPs of inferior ex-
tremities was recorded. The temporary rod was therefore removed, the
patient was heated up, and her MAP was increased. After some minutes,
MEPs and SSEPs regained baseline values on the right, while a reduction
of 60% persisted on the left. Due to the instability of the evoked poten-
tials, surgery was suspended, and the patient was transferred to the
intensive care unit (ICU) for strict monitoring. After extubation, she
presented a mild paresis of her left inferior extremity which recovered
completely 2 days later. Otherwise the postoperative course was
uneventful.

The patient underwent the second surgery 15 days later. The rEPO
lateral view, C) fulcrum bending test view.



Fig. 2. Clinical examination: A) back view, B) sagittal view, C) frontal bending test view.

Fig. 3. Evolution of the main curves over the years.
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treatment was repeated, and 2 cycles were administered, bringing Hgb
level from 9.7 g/dl to 11.2 g/dl. The subperiosteal dissection was
extended to L3 and two additional pedicle screws were inserted. The
correction of the main curve was carried out according to the Rod-Link-
Reducer (RLR), GlobusMedical® system technique. The first maneuver
addressed the axial plane deformity with derotation of the spine and the
rib cage. The second maneuver compressed the spine on the convexity to
obtain a correction on the coronal plane. The last manipulation was done
to normalize the thoracic kyphosis. A contoured cobalt chromium (CoCr)
rod was implanted at the apex on the concave side of the curve and the
stabilization of the concavity was completed adding laterally a titanium
rod. During the whole procedure, the electrophysiologic neuro-
monitoring signals were unchanged and a wake-up test confirmed intact
lower extremities motor function.

On the first postoperative day, her Hgb was 8.9 g/dl and reached a
nadir of 7.2 g/dl on the fourth postoperative day. She was discharged 4
days later with a Hgb of 8.6 g/dl. During the entire hospital stay, no blood
transfusion was necessary and also the second postoperative course was
uneventful.
3

Postoperative standing full-length radiographs showed a 57%
correction of the main curve in the coronal plane (52�) (Fig. 4A–C). At
her last follow-up at 8 months, the imaging and physical examination
demonstrated an excellent correction of the deformity (Fig. 5A–D). The
main curve maintained the correction, the shoulders were well balanced,
the right trunk shift was reduced to 13 mm, and the T1-S1 height reached
45.1 cm.

3. Discussion

Patients with EOS always represent a great challenge for spine sur-
geons and the selection of the best treatment is often complex. Despite
numerous advancements in this field, with less invasive approaches that
have been proposed over the years, these patients eventually require
definitive fusion surgery which frequently comes with a demanding cost
in terms of spine mobility and perioperative blood loss.

JW patients constitute a peculiar subgroup that poses additional is-
sues to the surgeons. JW patients’ objection to receiving blood products
derives from biblical passages which imply that transfusing blood is



Fig. 4. One-month follow-up: A) Radiograph AP view, B) radiograph lateral view, C) clinical examination back view.

Fig. 5. Last follow-up: A) Radiograph AP view, B) radiograph lateral view, C) clinical examination back view, D) clinical examination sagittal view.
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equivalent to eating it and this deed will lead to eternal damnation
(Doyle, 2002). Hence, they do not accept transfusion of whole or frac-
tions of blood. Furthermore, they do not even accept their own
pre-donated blood, since this involves a temporary discontinuation from
their circulation. However, there has been a constant evolution in the
variety of blood conservation techniques employed for JW patients un-
dergoing spine surgery during the past decades. A thorough description
of these techniques were made by Hoashi et al. (2015) who presented a
case series of 10 JW patients operated on for scoliosis. According to them,
the most modern strategies include the use of anti-fibrinolytics, such as
tranexamic acid, and the bipolar sealer (Aquamantis®) for intraoperative
4

hemostasis which has demonstrated to be effective in reducing total
perioperative blood loss (Gordon et al., 2013). Cell-saver techniques
were employed in 7 out of 10 patients in their cohort (Hoashi et al.,
2015). Indeed, autotransfusions are accepted by some JWs since there is
no discontinuation of blood from circulation. In our case, 380 ml and 270
ml were autotransfused during the first and second surgical time,
respectively. Other blood saving techniques utilized by Hoashi and col-
leagues included electrocautery, hypotensive anesthesia, iron supple-
mentation, erythropoietin, hemodilution, and epinephrine-soaked
gauzes (Hoashi et al., 2015). Furthermore, all their patients were oper-
ated on a Jackson table to reduce the abdominal pressure.
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Literature detailing the use and efficacy of rEPO with respect to
reduction of blood transfusions is rather sparse. In the case series pre-
sented by Hoashi et al. (2015) rEPO was used in 2 cases operated in 2007
and in 2011, respectively. Epoetin alfa and iron supplementation were
also successfully utilized by Chau et al. (2008) in a JW child with he-
mophilia B and anaphylactic inhibitors to factor XI who underwent
scoliosis surgery. The authors reported no use of blood transfusion and no
adverse event during the hospitalization. Vitale et al. (1998) recorded
significantly lower rates of transfusion in the idiopathic scoliosis group.
They postulated some sort of EPO-resistance in the congenital and
neuromuscular groups, even though biases associated with the
non-randomized design of their study cannot be ruled out. In our case, we
decided to use rEPO together with iron and folic acid supplementation as
we expected a significant blood loss during and after the procedure and
due to the patient's religious belief, we could not resort to blood
transfusion.

With respect to intraoperative techniques, we used tranexamic acid
and bipolar sealer (Aquamantis®) as described by Hoashi et al. (2015)
For muscles dissection, the Pulsed-Electron Avalanche Knife (PEAK)
PlasmaBlade® was used. This relatively new electrosurgical device pro-
duces pulsed plasma–mediated discharges, at the edge of an insulated
electrode. Due to the thermal protection shield technology, it operates at
significantly lower temperatures than traditional electrocautery, thereby
allowing a precise dissection and an accurate hemostasis (Piazzolla and
Bizzoca, 2020).

Another problem we had to deal with was performing numerous
osteotomies. Indeed, as demonstrated by Samdani et al. (2015) advanced
scoliosis Lenke 1A-B require MPOs to make the spine more flexible and
get a better correction of the deformity. However, osteotomies cause
conspicuous bleeding and is one of the major causes of anemization in
deformity surgery (Kose et al., 2017). We performed MPOs using an ul-
trasonic bone scalpel (Misonix®) which allows the surgeon to cut the
cortical bone, cauterize the cancellous bone, that is responsible for most
of bleeding, and preserve the soft tissue. According to Bartley et al.
(2014), patients undergoing facetectomies and Ponte osteotomies by
means of an ultrasonic bone scalpel had a blood loss reduction of 40%
compared to the control group.

The use of drains in orthopedic surgery is still a matter of debate. On
the one hand, they are useful to lower the risk of wound complication and
hematomas, which range from 0.1 to 3.0% in spine surgery (Aono et al.,
2011). On the other hand, drains are associated with prolonged hospi-
talization and increased resort to blood transfusions (Kochai and
Erkorkmaz, 2019; Parker et al., 2007). In our department, we usually
employ drains in major operations, but in this case, we preferred to avoid
further potential blood loss. Neither infections nor wound complications
were observed during hospital stay.

Lastly, this clinical case gives us the opportunity to discuss also the
ethical aspect of performing high risk surgery on underage patients for
whom his/her parents have refused blood transfusions. In this case, we
were dealing with a patient whose deformity was function- and life-
threatening and to whom surgery was denied several times because of
religious beliefs of her family. In face of this situation, offering a surgical
solution was mandatory. From a legal point of view, in case the parents or
the patient's legal guardian refuses the administration of blood trans-
fusions, the healthcare personnel face the challenge of fulfilling their
duties by taking care of the health of the patient without jeopardizing
patient's life for no reason while respecting the will of the patient. Since
the patient's parents refused blood transfusions, the surgeon cannot
resort to this therapy and if not, he or she may have to respond of this in a
court of law.We believe that in such cases, it is fundamental to establish a
doctor-patient relationship of trust and detailing all possible conse-
quences of avoiding blood transfusions in such complex spine cases.
Moreover, in case of emergency, if the physician is convinced that it is
necessary to perform blood transfusions to save patient's life, it is always
possible to refer the decision to the tutelary judge, in order to safeguard
the health of the underage patient.
5

However, it is advisable to obtain a written legal opinion prior to
execute the surgery, considering that national laws differ from one
country to another.

4. Conclusions

The integration of modern and more traditional preoperative, intra-
operative, and postoperative blood sparing techniques allowed us to
perform an extensive and highly invasive surgical procedure in a Jeho-
vah's Witness girl with an extremely severe idiopathic scoliosis. The
postoperative course was uneventful without need of blood transfusion.

Compliance with ethical standards

Ethical approval: “All procedures performed in studies involving
human participants were in accordance with the ethical standards of the
institutional and/or national research committee and with the 1964
Helsinki declaration and its later amendments or comparable ethical
standards.”

Since the patient was underage, informed consent was acquired from
the patient's parents.

The authors declare that they have no conflict of interest.
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