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Purpose: Patients with Noonan syndrome often require surgery at young ages. They are at high risk of

perioperative bleeding from coagulation defects that might not have been detected by routine screening.
These risks are rarely described in the oral and maxillofacial surgery (OMS) literature. The aim of this study

was to evaluate the perioperative bleeding risks associated with Noonan syndrome and to propose preop-

erative guidelines.

Materials andMethods: This report describes a retrospective case series of patients with Noonan syn-

dromewho underwent OMS procedures during a continuous observational period (2013 through 2016) in

the authors’ center. Clinical data, blood screening test results, and perioperative bleeding were analyzed.

Results: Five patients (age, 4 to 20 yr) with Noonan syndrome who underwent OMS procedures were

included in this study. One patient presented a spontaneous bleeding tendency (epistaxis requiring cauter-

ization). Blood screening showed clotting defects in 3 patients. One patient presented abnormal periop-

erative bleeding owing to a mild defect in factor XI.

Conclusion: Patients with Noonan syndrome must be referred to a hematologist for specific preopera-

tive investigations and for adapted perioperative management.
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Noonan syndrome (NS) was initially described by Jac-
queline Noonan1 in 1963 as the association of heart

malformations, pulmonary valve stenosis, short stat-

ure, hypertelorism, ptosis, undescended testes, skel-

etal malformations, and mild cognitive impairment.

NS is an autosomal dominant disorder due in 50% of

cases to a mutation in the PTPN11 gene, implicated

in the RAS and mitogen-activated protein kinase

pathway.2 The prevalence of NS varies from 1 in
2,500 to 1 in 1,000.3 This condition is the second

most common cause of congenital syndromic heart

disease.4 Since its initial description, several additional

organ dysfunctions have been reported in NS,

including vision and hearing defects, abnormal skin

pigmentation, delayed puberty, digestive disorders

causing failure to thrive, genital and kidney
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Hematology, APHP, Hôpital Universitaire Necker-Enfants Malades,

Universit�e Paris Descartes, Sorbonne Paris Cit�e, APHP, Paris, France.

zConsultant, Department of Anesthesia and Intensive Care, APHP,
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malformations, and lymphatic and hematologic abnor-

malities.5 Furthermore, patients with NS have an

increased risk of developing solid tumors, such as mul-

tiple giant cell lesions, embryonal rhabdomyosarcoma,

neuroblastoma, genital and cutaneous tumors, and

blood cancers.5 Thus, patients with NS often require

surgery at young ages and have a high risk of present-

ing perioperative complications, mostly from heart
malformations and clotting disorders.

Various blood coagulation abnormalities affecting

primary (platelet function) and secondary (coagula-

tion) hemostasis have been reported in NS.6 More pre-

cisely, coagulation abnormalities affect nearly 60% of

patients with NS and mostly consist of mild combined

deficiencies of several coagulation factors (V, VII, VIII,

IX, X, and XI), causing a prolonged prothrombin time
(PT) with or without a prolonged activated partial

thromboplastin time (aPTT).6-10 Defects affecting the

von Willebrandt factor (vWF) also have been

described.11,12 Some of these coagulation defects

might not be detected by routine screening and

cause severe peri- and postoperative bleeding.

However, patients with NS are likely to undergo oral

and maxillofacial surgery (OMS) procedures with a
high risk of bleeding. In fact, in addition to the

increased risk of developing multiple giant cell lesions

of the maxilla and mandible, patients with NS have

specific facial features that might indicate orthog-

nathic surgery, such as a high-arched palate with an

open bite, reduced maxillary and mandibular sagittal

and transversal dimensions, and an increased facial

height that becomes more obvious with age.13-16

Although bleeding tendency is a common sign in

NS,17 the risk of excessive bleeding in this syndrome

is poorly described in the OMS literature. To date,

only Sugar et al18 in 1994 highlighted the risks of abun-

dant and life-threatening bleeding in a 22-year-old man

with an indication for a Le Fort I osteotomy and a

genioplasty.

The purpose of the present study was to evaluate
the perioperative bleeding risks associated with NS

and to propose preoperative guidelines based on a

retrospective assessment of the 5 patients with NS

who underwent surgery in the authors’ unit.

Materials and Methods

STUDY DESIGN

To address the research purpose, the authors de-

signed and implemented a retrospective case series.

The study population was composed of all patients
with NS presenting to the authors’ center for evalua-

tion and management of oral and maxillofacial condi-

tions during a continuous observational period from

2013 through 2016. To be included into the study

sample, patients had to present with confirmed NS

and to undergo at least 1 OMS procedure.

The study was conducted according to the recom-

mendation of the local ethics committee.

STUDY VARIABLES, DATA COLLECTION METHODS,
AND DATA ANALYSES

Clinical data, including demographic and morpho-

logic data, were collected retrospectively using medi-

cal records. Spontaneous bleeding tendency and

perioperative bleeding were quantified and deter-

mined with a bleeding risk score19 (Table 1).

Results

REPORT OF CASES

Case 1

A 17-year-old boywas referred to the authors’ center

for the management of a maxillary retrusion, and the

authors decided on a Le Fort I osteotomy. He had
been diagnosed with NS at birth and had a mutation

in the PTPN11 gene. In addition tomaxillary retrusion,

he presented hypertelorism, supernumerary teeth,

low ears, cardiac defects including interauricular and

interventricular communications, and a hypertrophic

cardiomyopathy. In addition, he presented cutaneous

papilloma and delayed growth with low insulin-like

growth factor-1 (IGF1) levels requiring treatment
with growth hormones. At 7 years of age, he under-

went tooth extractions and otoplasty. No bleeding

issues were reported during these procedures. Since

that surgical procedure, he presented with several

minor spontaneous episodes of epistaxis that were

cauterized. To prevent severe peri- and postoperative

complications during the Le Fort I osteotomy, detailed

preoperative blood investigations were performed for
the screening of coagulation defects. The patient had

no spontaneous bleeding tendency. PT was normal

but aPTT was prolonged. No deficiency in factors

VIII, IX, and XI was detected. Platelet function

analyzer was prolonged without platelet function ab-

normalities (Table 1). vWF level was slightly lower

than normal; this was related in part to blood group

O. To prevent excessive bleeding, vWF was adminis-
trated preoperatively. Surgery was uneventful except

for minor epistaxis or mucosal bleeding that was

controlled by bipolar coagulation and sutures.

Case 2

A 20-year-old woman was referred to the authors’

center for impacted third molar teeth extractions

and lingual frenectomy. She had been diagnosed
with NS at birth owing to cardiac malformations (pul-

monary artery stenosis and interauricular communica-

tion) and facial features (hypertelorism and low ears).

She had a mutation in the PTPN11 gene. She later
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presented growth retardation and evolutive scoliosis.

No spontaneous bleeding was reported. PT and aPTT

were within normal ranges (Table 1). Cardiac surgery,
impacted third molar teeth extractions, and lingual fre-

nectomy were performed without any abnormal peri-

and postoperative bleeding.

Case 3

A 12-year-old boy presented with progressive defor-

mation of the lower jaw associated with tooth dis-

placements. He had been diagnosed with NS owing
to delayed growth with low IGF1 levels associated

with heart defects (interauricular communication

and pulmonary artery stenosis). A mutation in the

SOS1 gene was detected. Dental panoramic imaging

and craniofacial computed tomogram showed osteo-

lytic lesions of the lower jaw (Fig 1). Biopsy examina-

tion disclosed the presence of bilateral giant cell

lesions of the mandible. Curettage of the lesions asso-
ciated with teeth extractions was indicated. No spon-

taneous bleeding was reported. Preoperative

hematologic screening did not show any coagulation

defects, except for a prolonged kaolin clotting time

(KCT) that was probably linked to factor XII defi-

ciency. Because this deficiency does not increase the

risk for abnormal bleeding, factor XII level was not

determined (Table 1). No excessive bleeding occurred
before and after the procedure.

Case 4

A 4-year-old boy was referred to the authors’ center

for multiple decidual decayed teeth extractions. The

diagnosis of NS was suspected at birth because of

the presence of cardiac defects (interventricular

communication and pulmonary artery stenosis),

cryptorchidism, and typical facial features (hypertelor-

ism, low implanted ears). Genetic studies are ongoing.

He presented growth retardation treated with growth
hormone. He underwent cardiac surgery at 18 months

of age and tonsil adenoidectomy and amygdalectomy

at 3 years. No spontaneous bleeding was reported.

PT and aPTT were within normal ranges (Table 1).

Teeth extractions (4 decidual second molars) were

performed without abnormal bleeding.

Case 5

A 16-year-old boywas referred to the authors’ center

for the management of giant cell lesions of the maxilla

and mandible. The diagnosis of NS was suspected in

utero because of the presence of hydramnios and car-

diac defects. At birth, typical craniofacial features of

NS were noted (hypertelorism, ptosis, low implanted

ears, and bifid uvula) in addition to undescended

testes and pectus carinatum. A mutation in the SOS1

gene was detected. At 2 months of age, he presented

chylothorax owing to lymphatic malformations. He

also presented feeding issues that required enteral

feeding and delayed growth from low IGF1 levels.

He later received testosterone supplementation

because of delayed puberty. No spontaneous bleeding

was reported.

The giant cell lesions, affecting the right maxilla and
mandible bilaterally, were treated by intralesional in-

jections of triamcinolone. The patient was later

managed in another center for the extractions of mul-

tiple odontomas and of impacted maxillary third mo-

lars. The preoperative blood screening showed a

slightly prolonged KCT. No additional coagulation

tests were performed. Continuous and diffuse periop-

erative bleeding occurred during teeth extractions and

Table 1. BLEEDING SCORES AND COAGULATION TEST RESULTS FOR CASES 1 TO 5

Case 1 Case 2 Case 3 Case 4 Case 5

Bleeding score19 3 0 0 0 0

PT (%) 88 84 72 100 100

KCT ratio (0.7-1.19) 1.24 1.13 1.23 1.02 1.65

PFA ADP (62-100 seconds) 122 ND ND ND ND

PFA adrenalin (82-150 seconds) 173 ND ND ND ND

vWF activity (50-150%) 45 ND ND ND Normal

vWF Ag (50-150%) 55 ND ND ND Normal

Fibrinogen Normal Normal Normal Normal Normal

Platelet count Normal Normal Normal Normal Normal

Factor VIII Normal ND Normal ND Normal

Factor IX Normal ND Normal ND Normal

Factor XI (60-168%) Normal ND Normal ND 58

Note: The authors recommend not testing factor XII, because factor XII deficiency does not cause excessive bleeding.
Abbreviations: ADP, adenosine diphosphate; Ag, antigen; KCT, kaolin clotting time; ND, not determined; PFA, platelet function

analyzer; PT, prothrombin time; vWF, von Willebrandt factor.
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the surgeon decided to interrupt the surgery and delay

the extraction of the impacted maxillary third molars.

The detailed postoperative blood screening showed a

prolonged KCT and mild factor XI deficiency (58%;

normal, 60 to 168%; Table 1).

Discussion

The aim of this study was to highlight the risk of

perioperative bleeding in NS in a series of 5 patients

who underwent OMS procedures. Although bleeding

FIGURE1. Case 3. Preoperative dental panoramicA, radiograph and B, computed tomogram showingmedullar osteolysis and displacement
of the outer and inner cortical layers by giant cell lesions of the mandible.

Morice et al. Coagulation Defects in Noonan Syndrome. J Oral Maxillofac Surg 2018.
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tendency was reported in only 1 patient, the coagula-

tion blood screening showed abnormal values in 3 pa-

tients. Of these 3 patients (cases 1, 3, and 5), only 2

(cases 1 and 5) were at risk of perioperative bleeding.

In case 1, a mild vWF deficiency was detected.

Although the deficiency in vWF was mild, vWF was

administrated because of the presence of a hypertro-
phic cardiomyopathy that contraindicated the use of

desmopressin. In fact, desmopressin can induce peri-

operative blood pressure variations, which can lead

to congestive heart failure from restrictive diastolic

dysfunction, which is a characteristic of hypertrophic

cardiomyopathy.20

In case 5, the severe perioperative bleeding episode

could have been linked to the mild factor XI defi-
ciency. In fact, there is no correlation between the de-

gree of factor XI deficiency and the risk for a severe

bleeding episode.21 Because factor XI is implicated

in fibrinolysis,21 the authors recommend the adminis-

tration of tranexamic acid pre- and perioperatively. In

case 5, surgery had to be interrupted because of

abnormal perioperative bleeding.

The present report highlights that complete blood

cell screening should be performed in all patients

with NS before OMS procedures, even if no history

of abnormal bleeding (spontaneous or during invasive

procedures) has been reported.
Moreover, as reported by Sugar et al,18 the authors

found that even mild clotting factor deficiencies can

lead to severe bleeding during surgical procedures, in

particular in case of mild factor XI deficiency. In a

recent case-and-control study, 40% of a series of 39

patientswithNShad a severeormoderate bleeding ten-

dency (Tosetto bleeding score, $4 or $2).6,19 In the

same series, spontaneous bleeding occurred in nearly
half the patients with NS and was generally explained

by functional platelet abnormalities, reported in 83%

of patients, rather than by deficiencies in coagulation

factors.6 Interestingly, coagulation and platelet abnor-

malities were present in 87.5% of patients with NS

FIGURE 2. Preoperative guidelines for the management of coagulation defects and platelet abnormalities in Noonan syndrome. Ag, antigen;
vWF, von Willebrandt factor.

Morice et al. Coagulation Defects in Noonan Syndrome. J Oral Maxillofac Surg 2018.

MORICE ET AL 1557



without a reported bleeding tendency,6 showing that

even if patients with NS do not report abnormal

bleeding episodes, they are strongly predisposed to

excessive perioperative bleeding. In addition, platelet

dysfunctions are detected by standard laboratory

methods in only 50% of patients with high bleeding

scores.6,22 Because functional platelet abnormalities

might be responsible not only for spontaneous
bleeding but also for excessive perioperative

bleeding, Artoni et al6 recommended performing coag-

ulation and platelet function tests in all patients with

NS. In accord with Artoni et al,6 the authors recom-

mend performing complete coagulation screening

tests preoperatively in patients with NS and adminis-

tering general hemostatic agents (tranexamic acid

and desmopressin), vitamin K for factor VII deficiency
and prolonged PT, and, in the most severe cases,

platelet transfusion for bleeding episodes or surgical

procedures. In addition, for mild vWF deficiency, the

authors recommend desmopressin injections to in-

crease levels of factor VIII and vWF.23 For severe vWF

deficiencies, administration of vWF is indicated.23

The authors’ specific preoperative guidelines for the

management of coagulation defects and platelet func-
tion abnormalities in patients at risk of abnormal

bleeding are presented in Figure 2. Because factor XII

deficiency does not cause abnormal bleeding, the au-

thors do not recommend testing this factor.

Although this report carries the intrinsic limitations

of all retrospective case studies, the conclusions are in

line with those of previous findings and should be

considered in the management of this rare condition,
for which the prospective validation of treatment pro-

tocols is unlikely because of its low preva-

lence.6,10-12,17,18

Because patients with NS can have platelet abnor-

malities and defects in coagulation factors and there

is no strong correlation between coagulation abnor-

malities and the risk for excessive perioperative

bleeding, all patients with NS should be informed
that they have a risk of abnormal bleeding during

maxillofacial surgical procedures. Although the inves-

tigations show no coagulation defects, there is still a

potential bleeding risk, as for all surgical procedures.

Thus, all patients with NS should be referred to a he-

matologist for specific preoperative investigations

and for adapted perioperative management.
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