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Summary Background and aim: A caudal limb of the internal mammary vein (IMV) can be
used as an additional venous drainage route in free flap transfer. However, there remains
the possibility that unrecognised occlusion of the retrograde IMV occurs in the early postop-
erative period due to non-physiologic flow, thus affecting venous drainage. There are no re-
ports regarding the postoperative patency rates of the anastomosed retrograde IMV. This
study aimed to clarify the efficacy of the retrograde IMV as an additional venous drainage
route in the case of two-vein anastomosis in free flap transfer.

Patients and methods: We performed a hospital-based prospective case series study to
clarify the patency rates of retrograde IMV anastomoses as an additional venous drainage
route in cases of two-vein anastomosis in free flap transfer. Both antegrade and retrograde
IMV anastomoses were performed in patients who underwent free flap transfer using the IMV
as a recipient vein. The postoperative flow vector and peak blood velocity of the retrograde
IMV anastomosis were examined using two-dimensional phase contrast magnetic resonance
imaging (2D PC-MR!) and colour Doppler imaging.

Result: A total of five retrograde IMV anastomoses in five patients were performed in the
study period. The postoperative patency rate of the retrograde IMV was 60%. In the patent
group, the postoperative peak venous blood velocity of the retrograde IMV was significantly
slower than that of the antegrade IMV (4.6 & 0.5 vs 7.2 + 0.8 cm s~', P < 0.05).

* Part of this work was presented at the 38th Annual Meeting of the Japan Society for Reconstructive Microsurgery, Niigata, Japan, 10—11
November 2011.
* Corresponding author. Tel./fax: +81 43 226 2316.
E-mail address: kubota-cbu@umin.ac.jp (Y. Kubota).

1748-6815/$ - see front matter © 2013 British Association of Plastic, Reconstructive and Aesthetic Surgeons. Published by Elsevier Ltd. All rights reserved.
http://dx.doi.org/10.1016/j.bjps.2013.10.013

120



206

Y. Kubota et al.

Conclusion: We described the postoperative patency rate of retrograde IMV anastomosis in
cases of two-vein anastomosis in free flap transfer. Further study is needed to evaluate the
reliability of the retrograde IMV as an additional venous drainage route.

© 2013 British Association of Plastic, Reconstructive and Aesthetic Surgeons. Published by
Elsevier Ltd. All rights reserved.

Background

Use of a caudal limb of the internal mammary vein (IMV) as
an additional venous drainage route was first reported by
Kerr-Valentic et al., with subsequent reports from other
authors.”™ Initially, the efficacy of the retrograde IMV
anastomosis was based on the hypothesis that because the
IMV has no valves, venous blood should flow from the flap
vein into the retrograde IMV in accordance with pressure
gradients insofar as venous pressure of the flap vein is
higher than that of the retrograde IMV. However, this hy-
pothesis was disproven by Mackey et al., who showed that
44% of cadavers had valves in at least one IMV.? Mohebali
et al. reported that intra-operative flow into the retrograde
IMV occurred a few seconds later than that into the ante-
grade IMV in a study using laser-assisted indocyanine green
angiography.® Venturi et al. reported that intra-operative
mean blood flow in the retrograde IMV was less than that
in the antegrade IMV in a study using a Doppler ultrasound
technique.? This evidence suggests that non-physiologic
flow from the retrograde IMV may generate an increased
pressure gradient that needs to be overcome. No reports
are available regarding the postoperative flow of the
anastomosed retrograde IMV. We prospectively investigated
the postoperative patency of such anastomoses.

Objective

The objective of this study is to clarify the efficacy of the
retrograde IMV as an additional venous drainage route in
the case of two-vein anastomosis in free flap transfer.

Study design, setting

We performed a hospital-based prospective case series
study. The study protocol was approved by the ethical
committee of Chiba University. All patients provided writ-
ten informed consent to participate in this study.

Patients and methods
Patient selection and study protocol

Patients who underwent free flap surgery at Chiba Univer-
sity Hospital from August 2011 to March 2012 using the IMV
as a recipient vein with both of the following conditions
were included in the study:

A) only one IMV suitable for microanastomosis and
B) more than one flap vein suitable for microanastomosis.

121

Patient data regarding age, sex, body weight, height,
medical co-morbidities, type of surgery, radiation, type of
flap, number of perforators, donor vein, coupler size,
postoperative course and postoperative patency and peak
blood velocity of the retrograde IMV were collected
prospectively.

Surgical procedure

Under general anaesthesia, internal mammary vessels were
exposed via resection of one or two rib cartilages. The deep
inferior epigastric artery (DIEA) was anastomosed to the
internal mammary artery (IMA) in an end-to-end fashion.
The IMV was cut at the mid-point of the exposed area. One
of the free flap veins which had the largest calibre was
anastomosed to the cephalad end of the IMV (antegrade
IMV) in an end-to-end fashion using a coupler. One of the
free flap veins, which had the second largest calibre, was
anastomosed to the caudal end of the IMV (retrograde IMV)
in an end-to-end fashion using a coupler. Intra-operative
venous flow into the retrograde IMV was observed by
microscope-integrated near-infrared indocyanine green
angiography.®

Blood flow analysis

Analyses determining the patency and direction of flow
were performed 6 months after the operation. Peak venous
blood velocity was measured using colour Doppler imaging
in all patients using the EUB-7500 ultrasound system
(Hitachi Medical Corporation, Tokyo, Japan) with a 4—16-
MHz linear probe held at an angle of 45° to the vein.’

Antegrade IMV

The flow vector of the antegrade IMV was determined by
Doppler spectrum using the accompanying artery as a
reference.®

Retrograde IMV

The flow vector of the retrograde IMV was determined by
one or two imaging modalities, namely colour Doppler im-
aging and two-dimensional phase contrast magnetic reso-
nance imaging (2D PC-MRI).?~"3 This technique was used if
the superficial inferior epigastric vein (SIEV) was anasto-
mosed .to the retrograde IMV. It was not adopted if two
deep inferior epigastric veins (DIEVs) were used for anas-
tomosis because their close proximity decreases the tech-
nique’s validity.
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Statistical analysis

Continuous variables were compared with the Student’s t-
test under the condition that equal variances could be
assumed by Levene’s test. Welch’s t-test was used if equal
variances could not be assumed by Levene’s test. All P
values quoted are two tailed. P values <0.05 were consid-
ered to indicate statistical significance. Statistical analyses
were conducted using SPSS software (version 13.0J; SPSS,
Chicago, IL, USA).

Result

A total of five patients met the criteria for the study in the
study period (Table 1). Five retrograde IMV anastomoses
were performed in five flaps in five patients (Tables 1 and
2). Intra-operative venous flow into the retrograde IMV was
confirmed by microscope-integrated near-infrared indoc-
yanine green angiography in all patients>®; all flaps sur-
vived. Postoperative measurement of the blood flow of the
IMV was performed easily with the EUB-7500 ultrasound
system in all patients.

Postoperative flow

Antegrade IMV

The flow vector from the DIEV to the antegrade IMV was
confirmed by Doppler spectrum using the accompanying
artery as a reference in all patients (Figures 1A and 2).%

Retrograde IMV

In three of five patients, postoperative patency of the
retrograde IMV anastomosis was confirmed (patent group,
patients 1, 2 and 3), whereas postoperative occlusion of the
retrograde IMV anastomosis was confirmed in two patients
(occluded group, patients 4 and 5) (Table 2).

In the patent group, the postoperative course was un-
eventful and the flow vector from the flap vein to the retro-
grade IMV was confirmed by colour Doppler imaging in all
patients (Figures 1B and 2). The peak venous blood velocity of
the retrograde IMV was significantly slower than that of the
antegrade IMV (4.6 4 0.5vs 7.2 0.8 cm s~ (mean + standard
deviation (SD)), P < 0.05). In patient 1, 2D PC-MRI showed that
blood flowed in the direction from the SIEV to the retrograde
IMV (Figure 1B); 2D PC-MRI also showed dilation of the SIEV.
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Figure 1  (A) Doppler spectrum of the DIEV (above) anastomosed to the antegrade IMV and the DIEA (below) six months post-
operatively in patient 1. Doppler spectrum of the DIEV was opposite to that of the accompanying DIEA. This indicates that the flow
direction is from the DIEV to the antegrade IMV. (B) Phase contrast two-dimensional magnetic resonance imaging six months
postoperatively in patient 1. An arrow indicates a dilated SIEV anastomosed to the retrograde IMV running in the subcutaneous
tissue of the flap. Parameter (not shown) indicates the direction of flow is from the SIEV to the retrograde IMV.
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Figure 2

Doppler spectrum of the DIEA (b) and DIEVs (a and c) in patient 2 six months postoperatively. DIEV1 (a) was anastomosed

to the antegrade IMV and DIEV2 (c) was anastomosed to the retrograde IMV. The wave pattern shows that the direction of flow of
the DIEVs (a and c) and DIEA (b) are opposite. The flow velocity of the DIEV2 (c) anastomosed to the retrograde IMV is lower than

that of the DIEV1 (a) anastomosed to the antegrade IMV.

In one patient in the occluded group, the postoperative
course was uneventful and there were no signs of venous
congestion. However, occlusion of the retrograde IMV was
confirmed by colour Doppler imaging 6 months post-
operatively (patient 5). In the other patient in this group,
occlusion of the retrograde IMV was confirmed during re-
exploration of the anastomosis site, which was performed
18 h after the original operation for slight congestion of
the flap (patient 4). It was unclear whether valves were
present in the retrograde IMV in this case. We did not
perform an additional venous anastomosis. The slight
congestion of the flap lessened over time in the post-
operative period.

Discussion

The underlying hypothesis for performing a retrograde IMV
anastomosis is that because the pressure of the retrograde
IMV is lower than that of the flap vein, and because the IMV
lacks valves, venous blood from the flap can flow into the
retrograde IMV according to a pressure gradient.' However,
an increased pressure gradient due to non-physiologic flow
from the retrograde IMV was suggested by Mohebali et al.
and Venturi et al.?> Our measurements showing that the

peak venous blood velocity of the flap vein anastomosed to
the retrograde IMV was slower than that of the flap vein
anastomosed to the antegrade IMV suggest that there is
high resistance of the retrograde IMV as a venous drainage
route. In our study, dilation of the SIEV anastomosed to the
retrograde IMV also suggests a high gradient into the
retrograde IMV.

A limited number of reports are available describing
venous pressure values of the IMV and the pedicle vein of
the free flap."*~"® Our study shows that at least in some
patients, the venous pressure of the flap vein remains
higher than that of the retrograde IMV under the condi-
tion that the antegrade IMV is patent. According to one
report of accidental insertion of a central venous catheter
into the IMV, the intravascular pressure of the IMV was
5 mmHg." Sakurai et al. reported that the venous pres-
sure of the vein of a transferred free flap measured by -
catheter was anywhere from 0 to 35 mmHg."® Smit et al.
reported that the venous pressure of the SIEV which is
ipsilateral to the pedicle of the deep inferior epigastric
perforator (DIEP) flap ranged from 0 to 24 mmHg.'®

It was difficult to infer the presence or absence of
valves in the retrograde IMV in our study. Mackey et al.
reported that 14 of 32 cadavers had valves in the IMV,

124



210

Y. Kubota et al.

whereas Al-Dhamin et al. reported that there were no
valves in five cadavers.*® Timmons hypothesised that
three conditions occurring simultaneously were necessary
for reverse flow through a valve: denervation, higher
proximal venous pressure than distal and constant blood
supply.”” Torii et al. reported that reflux of venous blood
through a valve occurred at pressures of 66—77 mmHg."®
These conditions suggest that reverse flow through a
valve in the retrograde IMV is difficult when venous blood
can flow into the antegrade IMV."# Collateral vessels play a
critical role in venous drainage through the retrograde
IMV.+37%:20 An increased pressure gradient caused by a
valve or by insufficient collateral vessels can lead to
decreased patency rate of the retrograde IMV anasto-
mosis, as found in our study. Further investigation is
needed to determine the postoperative patency rate of
the retrograde IMV and its relationship to the valves and
collateral pathways of the IMV.

Based on our findings, retrograde IMV anastomosis is not
reliable enough to be routinely performed. We prefer per-
forming an anastomosis of only the antegrade IMV rather
than performing anastomoses of both the antegrade and
retrograde IMVs even in the case of two DIEVs and only one
IMV. One of the drawbacks of using the retrograde IMV is a
short working length of the antegrade and the retrograde
IMVs as they are cut at the mid-point of the exposed IMV.
Using only an antegrade IMV by cutting the caudal edge of
the exposed IMV can ensure adequate working length for an
easy anastomosis.?'"% Hanasono et al. argued against
routinely performing two venous anastomoses, explaining
that venous blood velocity in flaps in which two venous
anastomoses were performed was significantly slower than
that in flaps in which one venous anastomosis was per-
formed.” Measurements in our study showed that peak
venous blood velocity of the antegrade IMV in the patent
group in which both the antegrade and retrograde IMVs
functioned was lower than that in the occluded group in
which only the antegrade IMV functioned; these results are
consistent with the report by Hanasono et al.” In the cases
in which double venous systems (namely, an SIEV system
and a DIEV system) are required, the use of other antegrade
veins is reported as an additional venous drainage route
rather than a retrograde IMV.2873"

Conclusion

The postoperative flow vector and peak venous blood ve-
locity of retrograde IMV anastomosis in two-vein anasto-
mosis cases were studied for the first time, to our
knowledge. Our study showed a 60% patency rate of the
retrograde IMV anastomosis under two-vein anastomosis
operations. The peak venous blood velocity of the free flap
vein anastomosed to the retrograde IMV was significantly
slower than that of the free flap vein anastomosed to the
antegrade [MV. Further study is needed to evaluate the
efficacy of the retrograde IMV as an additional venous
drainage route.
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Craniofacial and cervical spinal hyperostoses are rarely seen in
the absence of other abnormalities. Only seven patients with
isolated cranial hyperostoses have been reported, and only a
single patient with both calvarial and cervical vertebral hyper-
ostoses. We report on an adult with late-onset right-sided
asymmetrical hyperostoses of the cranium, mandible, and cer-
vical vertebrae in the absence of an AKTI mutation. At presen-
tation, the patient displayed neither generalized overgrowth nor
dysregulated adipose tissue. Standard polymerase chain reaction
and Sanger sequencing of DNA extracted from formalin-fixed
paraffin-embedded frontal bone and mandibular angular bone
was negative for an AKTI mutation. Though the patient’s clinical
manifestations did not fulfill the consensus diagnostic criteria of
Proteus syndrome, the mosaic distribution of lesions, the spo-
radic occurrence, and the patient’s progressive course were
consistent with a somatic mosaicism similar to that syndrome.
Hence, the patient’s phenotype may have been caused by a very
late mesodermal somatic mutation during embryogenesis.

© 2013 Wiley Periodicals, Inc.

Key words: hyperostosis; Proteus syndrome; v-akt murine
thymoma viral oncogene homolog 1

INTRODUCTION

Craniofacial and cervical spinal hyperostoses with neither general-
ized overgrowth nor other abnormalities are rare clinical entities. A
literature search reveals only seven reported patients with cranial
hyperostoses who did not have associated anomalies [Pagon
et al., 1986; Smeets et al., 1994; Nishimura and Nishimura, 1997;
Adolphsetal., 2011; Kannu et al., 2011]. Of these, only one patient
had both calvarial and cervical vertebral hyperostoses [Kannu
et al., 2011]. We report herein on a 20-year-old Asian male with
right-sided asymmetrical craniofacial and cervical spinal hyperos-
tosis that was first noted after puberty.

CLINICAL REPORT

The patient, an Asian male, was born at 38 weeks after a normal
gestation to a healthy 23-year-old mother and a non-consanguin-

© 2013 Wiley Periodicals, Inc.

127

AMERICAN JOURNAL OF

medical genetics

How to Cite this Article:

Kubota Y, Mitsukawa N, Uchida M, Yuuki
U, Akita S, Hasegawa M, Satoh K. 2013.
Low-level mesodermal somatic mutation
mosaicism: Late-onset craniofacial and
cervical spinal hyperostoses.

Am J Med Genet Part A 9999:1-7.

eous healthy 23-year-old father. His birth weight was 2,698 ¢
(10th-25th centile). His head circumference at birth was
31.5cm (3rd-10th centile). He displayed no physical anomalies
at birth and followed a normal growth and development pattern,
with no sign of intellectual disability or learning disability. No
family member had a genetic disorder, craniofacial hyperostoses,
polyps of the gastrointestinal tract, vascular or lymphatic malfor-
mations, soft-tissue hypertrophy, neurofibromatosis, megalence-
phaly, or dysregulation of adipose tissue (such as multiple lipomas
orlocalized absence of adipose tissue). He had one healthy younger
brother.

At age 20 years the patient presented to our clinic with a 6-year
history of multiple painless lumps at the right mandibular angle, the
right paramedian forehead, the hair-bearing right frontoparietal
region, the right occipitoparietal region, and the right mastoid
(Fig. 1). He first noticed the lumps in the right frontoparietal area
and the right mastoid area at age 14 years, followed by lesions
on the right paramedian forehead at 16 years and the right man-
dibular angle at 18 years. Each lump continued to enlarge slowly.
His medical history was otherwise unremarkable. He worked in a
factory, but had no history of exposure to environmental carcinogens.
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He had no smoking history and denied headache, dizziness, nausea,
or palsy. He did complain of auditory disturbances and tinnitus in
the right ear.

On physical examination, he was 173 cm tall and weighed 57 kg.
His growth and development appeared normal, and his facial
appearance was normal (Fig. 1A). He displayed no oculomotor
disturbances, strabismus, or other neurologic deficits. The tumors
had the hard consistency of bone. While the tumors themselves
were immobile on the skull and the mandible, the scalp and the
overlying facial skin moved freely over them. Dental examination
showed a mouth-opening limitation of 25 mm and crepitation of
the bilateral temporomandibular joints without deflection or pain.
His teeth appeared normal and the remainder of the oral examina-
tion was normal.

The shape ofhis chest was normal. His abdomen was soft and flat,
without tenderness or masses. No cerebriform connective-tissue
nevi or epidermal nevi were observed. He had no apparent vascular
malformation, lymphatic malformation, or subcutaneous tumor
suggestive of epidermoid cysts or lipomatous tumors. The shape
and skin of his external genitalia were normal. The length, circum-
ference, and shape of his extremities were within normal ranges, and
there was no significant asymmetry. His muscle strength and the
range of motion of his extremities were normal. The range of
motion of his neck was almost normal. There were no signs
suggesting cervical radiculopathy or myelopathy on orthopedic
examination. :

Cephalography showed uniform-density bony thickening
without periosteal reaction in the frontal, frontoparietal,
occipital, right mastoid, and right mandibular areas. Rotational
panoramic dental radiography showed hypertrophy of the
right mandibular body, angle, and ramus without dental

dysmorphology (Fig. 2). There were no odontomas or impacted
teeth.

Computed tomography (CT) of the head showed normal brain
structure and density. The cerebral hemispheres were symmetric,
the structure of the gyri and sulci and the density of the cortex and
subcortex were maintained, and there was no midline shift or
enlargement of the ventricles. Hyperostoses were present at the
right paramedian area of the frontal bone, from the mid to right side
of the frontoparietal bones along the coronal suture, at the right
occipitoparietal area along the right lambdoid suture, at the mas-
toid area of the right temporal bone, in the right occipitomastoidal
suture area, in the bilateral nuchal line area, and at the external
occipital protuberance (Fig. 3A-C). The right mastoid cells were
enlarged, although their pneumatization was preserved (Fig. 3D).
The bony part of the right external auditory canal was stenosed by
hyperostosis (Fig. 3D). On coronal CT, deformation of the right
temporomandibular joint was observed to result from hyperostosis
of the right temporal-bone mandibular fossa. The right mandibular
head showed flattening. Hyperostosis of the right side of the
mandible was most evident at the jaw angle. No hypertrophy or
atrophy of associated soft tissues was evident, including the sub-
cutaneous tissue, muscles, parotid gland, tongue, and paraphar-
yngeal structures.

Neck CT revealed right-sided hyperostosis of the cervical spine
from C1 to C5. This hyperostosis affected the right side of the
cervical bodies, transverse processes, laminae, and spinous process-
es. Cervical hyperostoses bulged into the spinal canal and com-
pressed the spinal cord at the C3 level, although no sign of
radiculopathy or myelopathy was evident on neurological exami-
nation (Fig. 3E). The cervical deformities were most obvious in C2
and C3, and the right facet joint between C2 and C3 was almost
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