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Abstract
Disseminated peritoneal leiomyomatosis (DPL) is a rare condition characterized by scattered
smooth muscle nodules over the peritoneal surfaces. The pathogenesis of DPL remains unclear.
Herein we report a case of DPL occurring seven years after laparoscopic supracervical
hysterectomy with morcellation for uterine leiomyomata (UL). We analyzed both the original UL
and the subsequent DPL by molecular cytogenetics to assess the role of chromosomal
abnormalities in DPL pathobiology. Interestingly, all of the chromosomal aberrations detected in
this case of DPL, including r(1)(p34.3q41), del(3)(q23q26.33) and t(12;14)(q14.3;q24.1), are
characteristic chromosomal abnormalities detected in UL. FISH analysis of the initial UL
confirmed an interstitial deletion spanning at least 3q24 and 3q25.1, suggesting that functional
alteration of a potential gene in this chromosomal region may play a role in DPL development
from UL. With the increasing rate of hysterectomy through laparoscopic approach to UL, the
unique complications of laparoscopy with morcellation, especially seeding and proliferation of
tumor cells over abdominal organs and peritoneum, are becoming more significant and may
necessitate review of current surgical protocols to prevent future seeding of the pelvic region with
tumor particles.

INTRODUCTION
Smooth muscle tumors of the uterus have a spectrum from benign leiomyoma to malignant
leiomyosarcoma including a variety of tumors with unusual growth patterns. Benign uterine
smooth muscle tumors, known as uterine leiomyomata (UL) or fibroids, are the most
common tumors in women of reproductive age. Prevalence estimates of these tumors are as
high as 77%, and 25% of reproductive age women have clinically apparent UL (Buttram and
Reiter, 1981; Cramer and Patel, 1990). Consequently, UL are the primary indication for
hysterectomy in the US (Lepine et al., 1997). In contrast to UL, malignant leiomyosarcoma
is much less frequent, has an aggressive clinical behavior and can be distinguished from UL
by the presence of coagulative tumor necrosis, severe nuclear or cytological atypia, elevated
mitotic activity, and complex cytogenetic rearrangements (Fletcher et al., 1990;
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Sreekantaiah et al., 1993; Bell et al., 1994). Smooth muscle tumors with histological features
intermediate to benign UL and malignant leiomyosarcoma have an uncertain malignant
potential (Bell et al., 1994; Peters et al., 1994).

The group of smooth muscle tumors resembling UL at both gross and microscopic levels but
present in atypical locations with unusual growth patterns includes intravenous
leiomyomatosis (IVL), benign metastasizing leiomyoma, and disseminated peritoneal
leiomyomatosis (DPL). IVL is a smooth muscle proliferation in the uterine veins, vena cava
and right atrium of the heart with or without a concurrent UL (Mulvany et al., 1994;
Nakayama et al., 1994). Benign metastasizing leiomyoma manifests as smooth muscle
nodules or masses usually found in the lungs of women with a history of UL (Abramson et
al., 2001).

DPL is a rare condition characterized by discrete smooth muscle nodules scattered
throughout the peritoneum of the abdomen and pelvis (Aruh et al., 1993; Hardman and
Majmudar, 1996). Despite its benign histological features, DPL can mimic peritoneal
carcinomatosis macroscopically. Women of reproductive age are most commonly affected
and rare cases affecting men are reported among approximately 100 documented DPL cases
(Lausen et al., 1990; Bekkers et al., 1999; Yamaguchi et al., 2003). The actual incidence of
DPL might be underestimated, considering its asymptomatic nature (Rajab et al., 2000).
DPL is usually associated with pregnancy, oral contraceptive use or hormone replacement
therapy, and estrogen secreting tumors of the ovary (Aterman et al., 1977; Bekkers et al.,
1999; Drake et al., 2001). Most DPL cases are clinically benign and some may regress
partially or completely, especially after pregnancy(Lausen et al., 1990; Hales et al., 1992).
Alternatively they can progress, recur or undergo malignant transformation (Sharma et al.,
2004).

Although the etiology of DPL remains controversial, the most widely known (but likely
incorrect) hypothesis is the smooth muscle metaplasia of subperitoneal mesenchymal cells
(Drake et al., 2001). Determining the underlying molecular mechanisms of DPL should
inform an understanding of the causal associations of DPL as well as the malignant and
metastatic potential of uterine smooth muscle tumors.

In the current study, we present a female patient with DPL seven years subsequent to
laparoscopic supracervical hysterectomy with morcellation for UL. Molecular cytogenetic
analyses were pursued to assess the role of chromosomal rearrangements in DPL
pathobiology and revealed an association between the chromosomal alterations of the DPL
and UL occurring consecutively in the same patient.

MATERIALS AND METHODS
Patient History and Pathological Evaluation

The patient is a 48 year old nulligravid caucasian female presenting for evaluation and
management of an asymptomatic solid pelvic mass identified upon pelvic examination and
confirmed by ultrasound. Seven years prior to presentation she underwent a laparoscopic
supracervical hysterectomy with morcellation. The patient had menorrhagia and pelvic
pressure prior to this surgery and the uterus was irregularly enlarged to the size of a 15 week
pregnancy by clinical examination. At the time of the initial procedure, the surgeon noted
that the uterus was “removed in small pieces.”. Final pathology revealed uterine leiomyoma
(Fig. 1). The patient continued to menstruate postoperatively suggesting incomplete removal
of the uterus.

Ordulu et al. Page 2

Genes Chromosomes Cancer. Author manuscript; available in PMC 2011 December 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Based upon the preoperative imaging studies, an informed consent was obtained for re-
exploration. An uncomplicated exploratory laparotomy, bilateral salpingo-ophorectomy,
trachelectomy and small bowel resection with resection of peritoneal tumor masses was
performed. Findings included multiple discrete tumor masses throughout the abdomen and
pelvis (Fig. 2). A total of 16 masses ranging in size from 0.6 to 9.0 cm were identified and
resected. Microscopic examination of the tumor specimens revealed smooth muscle tumors
consistent with DPL (Fig. 1).

Tissue Samples
Tissue samples from the DPL surgery were obtained under a Partners HealthCare IRB
approved discarded tissue protocol. GTG-banded karyotyping (Rein et al., 1991) of five
geographically separate DPL masses and array comparative genomic hybridization analysis
(aCGH) of one mass were performed.

Formalin-fixed, paraffin embedded tissue blocks from the UL surgery were obtained from
archives of the Division of Women’s and Perinatal Pathology at Brigham and Women's
Hospital. Based on the karyotype of the DPL, FISH (described below) was performed on
interphase nuclei isolated from 50 micron sections of the archived paraffin blocks
(Weremowicz and Schofield, 2007).

Array Comparative Genomic Hybridization (aCGH) Analysis
DNA isolation and aCGH were performed as previously described (Hodge et al., 2009a).
The assay compared the tumor and the normal colon tissue DNA obtained from the DPL
surgery, using an oligo-based 1M array platform (Agilent, Inc., Santa Clara, CA) containing
974,016 probes with a median effective resolution of 6.3 kb using a three consecutive probe
cutoff. Probe intensity information was obtained using the Feature Extraction Software
(Agilent), and subsequently feature extraction files were imported to the DNA Analytics
Software (Agilent). A genomic imbalance was noted when three or more adjacent oligos
detected at least a single copy number change, as compared to the control DNA. Regions of
copy number variation are reported as distance in base pairs from the terminus of the p arm
of the respective chromosome.

Fluorescence In Situ Hybridization
FISH was performed on interphase nuclei isolated from the paraffin blocks of the UL using
bacterial artificial chromosome (BAC) and TelVision™ (Abbott Laboratories, Abbott Park,
IL) probes. Tissues embedded in paraffin were confirmed to be UL by hematoxylin and
eosin staining of 5 micron sections prior to interphase nuclei extraction.

BAC clones were selected for FISH probes using the University of California Santa Cruz
Genome Browser (http://genome.ucsc.edu) (February 2009 assembly). BAC DNAs were
isolated following a standard protocol consisting of alkaline lysis, neutralization, and ethanol
precipitation (QIAGEN, Valencia, CA). DNAs were labeled with SpectrumGreen or
SpectrumRed-dUTP using the Abbott Molecular Nick Translation Kit™ (Abbott). Probes
were validated on 100 nuclei and three metaphase spreads prepared from peripheral blood
lymphocytes from karyotypically normal individuals. False positive cutoff values were
established by doubling the false positive rate deduced from the probe validation.

Extraction of interphase nuclei from 50 micron sections of formalin-fixed, paraffin-
embedded tumor tissue from the UL surgery and FISH on these nuclei were performed as
previously described (Kuchinka et al., 1995). Interphase nuclei were counterstained with
DAPI and hybridization was analyzed with a Zeiss Axioskop epifluorescence microscope

Ordulu et al. Page 3

Genes Chromosomes Cancer. Author manuscript; available in PMC 2011 December 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

http://genome.ucsc.edu


(Thornwood, NY) and Applied Imaging CytoVision Software (Santa Clara, CA). A
minimum of 50 nuclei were scored per probe.

RESULTS
Molecular Cytogenetic Findings of the DPL

Fourteen metaphase cells from five geographically separate DPL masses were analyzed by
GTG-banding. Each tumor revealed the identical abnormal karyotype reported as 46,XX,r(1)
(p34.3q41),del(3)(q23q26.33),del(9)(q2?2),t(12;14)(q14.3;q24.1) (Fig. 3) except for one
tumor that was a mosaic with 46,XX cells.

Locations of the chromosomal deletions observed by GTG-banding were confirmed and
refined by aCGH with the exception of the del(9)(q2?2). The assay compared DNA
extracted from a DPL mass with DNA prepared from the patient’s normal colon tissue to
avoid the confounding effect of constitutional copy number variants (CNVs). Seven one-
copy genomic imbalances were detected and three of them confirmed the GTG-banded
karyotype including a 35.4 Mb deletion of 1p36.33-p34.3 (742,580-36,126,342 bp), a 31.5
Mb deletion of 1q41-q44 (215,660,437-247,186,573 bp) (Table 1), and a 38 Mb deletion of
3q23-q26.33 (142,935,925-181,010,217 bp) (Table 1). Four additional one-copy number
aberrations, not visible by GTG-banding, were detected including two deletions of
chromosome 2 at 2p24.2-p24.1 and 2q32.3 (18,914,304-19,608,288 bp;
193,379,909-194,123,897 bp) with sizes of 694 kb and 744 kb respectively, a 22.5 kb gain at
11p15.5 (2,020,604-2,043,167 bp), and a 65.5 kb deletion of 14q11.2
(23,115,930-23,181,491 bp) (Table 1). Genes located in these altered chromosomal regions
are indicated in supplementary data.

Molecular Cytogenetic Findings of the UL
Based on the GTG-banded karyotype of the DPL, FISH experiments were designed and
performed on interphase nuclei extracted from 50 micron paraffin sections of the UL from
the surgery in 2002. To ascertain whether the UL had similar chromosomal abnormalities
with the DPL, three probe sets were prepared.

Presence of the r(1)(p34.3q41) was assessed by hybridization of BAC clone RP11-146K22
located at 1q43 (within putative deletion) and BAC clone RP11-717K8 at 1p13.2 (control
probe for chromosome 1 copy number). The hybridization pattern of this probe set was
interpreted to be normal without evidence for the deletion being assessed on chromosome 1.

The del(3)(q23q26.33) was evaluated by hybridization of BAC clone RP11-959L4 located at
3q24-q25.1 (within putative deletion) and the TelVysion™ 3p SpectrumGreen probe
(Abbott, control probe within 300 kb end of the short arm of chromosome 3).
Approximately 27% of interphase nuclei were interpreted to harbor a 3q deletion (false
positive cutoff of 10%).

The t(12;14)(q14.3;q24.1) was screened for using a fusion signal of BAC clones
RP11-366L20 located at 12q14.3 and RP11-195L9 at 14q24.1. The hybridization pattern of
this probe set was interpreted to be normal without evidence for a t(12;14).

DISCUSSION
Potential Relationship between UL and DPL Pathogenesis Based on Molecular
Cytogenetic Findings

DPL is a rare entity with multiple small, histologically benign smooth muscle nodules on
superficial peritoneal surfaces of the abdominal and pelvic cavities (Aruh et al., 1993;
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Hardman and Majmudar, 1996). Despite its unusual location and growth pattern, the
macroscopic and histological findings of DPL are quite similar to UL (Sutherland et al.,
1980). Also, both UL and DPL are usually seen in women of reproductive age, associated
with increased estrogen and progesterone levels such as pregnancy or prolonged oral
contraceptive use (Cramer and Patel, 1990; Bekkers et al., 1999; Drake et al., 2001; Wise et
al., 2004). First degree relatives of women diagnosed with fibroids have a 2.5-fold increased
risk for developing UL (Vikhlyaeva et al., 1995; Schwartz et al., 2000), and a familial
occurrence of DPL, albeit rare, has been reported (Halama et al., 2005).

Cytogenetic aberrations are observed in approximately 40% of UL (Nibert and Heim, 1990;
Meloni et al., 1992), potentially representing secondary changes in genetically susceptible
cells (Gross and Morton, 2001). Recurrent chromosomal abnormalities identified in UL
include t(12;14)(q14~15;q23~q24), del(7)(q22q32), rearrangements involving 6p21, 10q and
1q42, and deletions of 3q (Nilbert and Heim, 1990; Rein et al., 1998; Gross et al., 2004). To
our knowledge, only three studies analyzing DPL at the cytogenetic level are reported (Mark
et al., 1991; Quade et al., 1997; Miyake et al., 2009), and among these Miyake et al. (2009)
also analyzed a DPL case occurring after laparoscopic myomectomy. Although a small
number of DPL cases has been karyotyped, the rate of tumors with chromosomal aberrations
is similar to UL and these abnormalities include relevant chromosomal rearrangements with
UL, such as alterations in 7q22 and the long arm of chromosome 12 (Quade et al., 1997).

X chromosomal inactivation analysis of UL demonstrates that each leiomyoma has a
nonrandom X inactivation pattern but varying parental origin of the inactivated X
chromosome comparing multiple UL from the same individual. These findings suggest an
independent monoclonal origin of each leiomyoma (Nilbert and Strombeck, 1992; Mashal et
al., 1994). X inactivation in DPL also shows a monoclonal origin but, in contrast to UL,
consistent inactivation of the same parental X chromosome is observed in all DPL tumorlets
from the same patient. This can be either due to spread of a single clone or inactivation of
the same parental X in multiple tumors. Low-level genetic and epigenetic instability
characterized by loss of heterozygosity (LOH) and alteration in DNA methylation involving
the X chromosome detected in DPL favor a clonal neoplastic process (Quade et al., 1997).
Miyake et al. (2009) also confirmed the monoclonal origin of each DPL tumorlet with a
nonrandom X chromosome inactivation pattern.

In the current study, we analyzed a DPL case presenting seven years after laparoscopic
morcellation for UL. GTG-banding and aCGH studies of five different DPL nodules
revealed the same chromosomal alterations including a r(1)(p34.3q41), a del(3)(q23q26.33)
and a t(12;14)(q14.3;q24.1), all of which are characteristic chromosomal abnormalities
observed in UL. In contrast, the del(9)(q2?2) reported by GTG-banding, which is not a
typical finding in UL, was not observed by aCGH, prompting critical review of the
karyotype. This discrepancy remains unresolved, and the apparently structurally abnormal
chromosome 9 may represent either a balanced intrachromosomal or interchromosomal
rearrangement. Further studies are required to understand whether the genetic abnormalities
are particularly associated with “iatrogenic DPL” or can be observed in “sporadic DPL”
cases as well. FISH analysis was performed to screen these chromosomal alterations in the
UL from the initial surgery and only a deletion between 3q24 and 3q25.1 was detected. This
finding can be interpreted as the sole chromosomal abnormality of the initial UL.
Alternatively, BAC clones chosen for the del(1q) and t(12;14) were not located in the altered
chromosomal regions, but this seems unlikely based on previous studies analyzing
alterations in chromosome 1 and t(12;14)(q14.3;q24.1) in UL (Gross et al., 2004; Hodge et
al., 2009b).

Ordulu et al. Page 5

Genes Chromosomes Cancer. Author manuscript; available in PMC 2011 December 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Heterozygous germline mutations in FH at 1q42.1 have been detected in two rare Mendelian
syndromes establishing a link between UL and cancer: Reed syndrome, also called multiple
cutaneous and uterine leiomyomatosis (MCUL1 or MCL, MIM 150800) and hereditary
leiomyomatosis and renal cell cancer (HLRCC, MIM 605839). FH appears to act as a tumor
suppressor and follow the classic Knudson ‘two-hit’ model as LOH was found in the tumors
of affected individuals (Tomlinson et al., 2002; Alam et al., 2003). FH mutation and LOH
for FH were detected in non-syndromic UL as well (Kiuru et al., 2002; Lehtonen et al.,
2004). Also, evidence suggestive of genetic linkage to FH is found among women who are
less than 40 years old at the diagnosis of non-syndromic UL (Gross et al., 2004). In the
current DPL case, GTG-banding identified a r(1)(p34.3q41) rearrangement and aCGH
analysis confirmed this alteration by detecting deletions on both ends of chromosome 1 with
sizes of 35.4 and 31.5 Mb inclusive of the FH locus at 1q42.1. FISH analysis of the initial
UL for this alteration was performed with a probe overlapping the FH region and the result
was normal. The deletion involving the FH region detected in the DPL could be a “second
hit”, were there to be a molecular mutation in FH in the initial UL not detectable by FISH as
the “first hit”. Such findings would then warrant further investigation of FH in the
development of DPL from UL.

Alterations in chromosome 3, particularly deletions of the long arm of chromosome 3 are
described in UL (Nilbert et al., 1990; Dal Cin et al., 1995). Miyake et al. (2009) performed
LOH analysis for 3q26.2, 3q28, 7p15.3 and 15q26.3 chromosomal regions in tumors
obtained from three subsequent operations of the same patient: the first was a laparoscopy
with morcellation for removal of UL, the second was two years later for removal of
extrauterine fibroids again through laparoscopic morcellation, and the third was an open
laparotomy for the removal of an intramural uterine fibroid and multiple DPL nodules six
years after the initial surgery. LOH for 3q26.2 was present in all tumor samples. Additional
3q microsatellite markers were analyzed in tumor samples from all three surgeries and 3q
allelic imbalances were detected of 19.2 Mb (between 3q26.1 and 3q26.3) and 47.1 Mb
(between 3q24 and 3q26.2). Interestingly, the DPL reported herein had a del(3)(q23q26.33)
confirmed by GTG-banding and aCGH. Also, the UL from the initial surgery had a deletion
spanning a minimum of the 3q24-3q25.1 regions assessed by the FISH analysis. These
findings suggest alteration of the function of a potential gene located in this chromosomal
region may play a role in development of DPL after laparoscopic morcellation of UL.

The most common chromosomal translocation in UL is t(12;14)(q14~15;q23~q24) detected
in 20% of karyotypically abnormal UL (Turc-Carel et al., 1988; Meloni et al., 1992) and is
associated with elevated expression of HMGA2 (Gross et al., 2003). A related karyotype
harboring a der(14)t(12;14)(q15;q24) is characteristic for IVL (Dal Cin et al., 2003).
HMGA2 is an embryonic proliferation modulator that acts as an architectural factor to
modulate transcription and belongs to the heterogeneous high-mobility group family of
nonhistone DNA binding proteins (Fusco and Fedele, 2007). HMGA2 is expressed in a
variety of fetal tissues but only lung and kidney in adults, and its chromosomal locus is
involved in rearrangements in UL and other benign mesenchymal tumors (Gattas et al.,
1999; Tallini and Dal Cin, 1999). In t(12;14)(q14~15;q23~q24) identified in UL, the
breakpoint in 12q14~15 typically falls centromeric (5′) to HMGA2 but maybe found 3′, and
the underlying molecular mechanism is dysregulation of HMGA2 (Schoenberg Fejzo et al.,
1996; Quade et al., 2003). In the current DPL case, a t(12;14)(q14.3;q24.1) was detected by
GTG-banding; no aberrations of chromosomal regions 12q14.3 or 14q24.1 were observed by
aCGH, consistent with a balanced rearrangement. FISH for assessment of a t(12;14) in the
initial UL, performed by testing for a fusion of probes overlapping the HMGA2 locus at
12q14.3 and a BAC in 14q24.1 within the RAD51L1 locus, gave a normal result. If the
translocation breakpoint were distal to the 12q14.3 probe or proximal to the 14q24.1 probe,
it would be possible to observe a normal hybridization pattern even in the presence of a
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translocation. But, because these are the commonly involved chromosomal regions, we may
reasonably conclude that a t(12;14) was not present in the initial UL and occurred during the
process of development of DPL from UL.

CNVs are chromosomal imbalances observed in karyotypically and phenotypically normal
individuals and cover at least 10% of the genome (Sebat et al., 2004; Redon et al., 2006). In
the aCGH analysis described herein, normal colon tissue of the patient was used as the
reference DNA instead of DNA from a karyotypically normal individual to ascertain copy
number aberrations truly specific to the tumor genome and to suppress detection of signals
due to CNVs in the patient’s constitutional genome. Four copy number aberrations
resembling CNVs were detected in the DNA of the current DPL: two deletions of
chromosome 2 at 2p24.2-p24.1 and 2q32.3 with losses of 694 kb and 744 kb respectively, a
22.5 kb gain of 11p15.5, and a 65.5 kb deletion of 14q11.2. These aberrations are of
potential pathogenetic significance in the DPL tumorigenesis, but could also represent
CNVs present in different tissue types of the same individual. Studies of tissue specificity of
CNVs are an active area of current investigation.

The pathogenesis of DPL remains ill defined in part because it is a rare condition.
Nonetheless, there are several theories in the literature. One commonly accepted hypothesis
is the independent metaplastic proliferation from subperitoneal mesenchymal cells (Drake et
al., 2001). In such cases, each DPL nodule would be expected to be polyclonal populations
of cells, but in fact they have been determined to represent monoclonal lesions with
consistent inactivation of the same parental X chromosome (Quade et al., 1997). Another
theory is that the primary tumor might be an inadequately diagnosed low-grade
leiomyosarcoma with low malignant potential (Akkersdijk et al., 1990). However, because
none of the characteristic findings of leiomyosarcoma such as coagulative tumor necrosis,
severe nuclear or cytological atypia, elevated mitotic activity, or complex cytogenetic
rearrangements have been observed in DPL, this is considered to be an unlikely scenario
(Sutherland et al., 1980; Fletcher et al., 1990; Sreekantaiah et al., 1993; Bell et al., 1994).
We favor a third interpretation of DPL etiology which is the metastatic scattering of a
unicentric disease, most plausibly UL. This hypothesis is supported by the monoclonal
origin of each tumorlet (Quade et al., 1997) and the correlation between molecular
cytogenetic findings of DPL and UL, and the previous patient history of laparoscopic
morcellation for UL.

Management of UL
Despite their benign nature, UL are a major clinical concern accounting for approximately
20% of visits to a gynecologist and resulting in expenditures in excess of 2.1 billion health
care dollars annually in the US (Flynn et al., 2006; Hartmann et al., 2006). UL remain the
single most common indication for hysterectomy in the United States. Moving from
traditional “open” surgical techniques to laparoscopy requires the surgeon to morcellate the
UL in order to remove a large volume of tissue through laparoscopic ports which are at most
only 12–15 mm in diameter. Mechanical devices utilized for morcellation yield a large
number of small tissue fragments which spill within the peritoneal cavity and are rarely
completely recovered. This raises the possibility of inadvertent laparoscopic morcellation of
a malignant tumor presumed to be a benign uterine disease (Schneider, 1997; Einstein et al.,
2008).

Another less common, but important, complication of laparoscopic hysterectomy with
morcellation is the seeding and proliferation of the tumor or uterine cells over abdominal
organs, peritoneum, abdominal wall, and even the subcutaneous incision sites.
Endometriosis or adenomyosis may occur after implantation and growth of the morcellated
uterine tissue within the abdomen, umbilicus, or vagina, resulting in cyclic pelvic pain, or
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cyclical bleeding (Koninckx et al., 2000; Sepilian and Della Badia, 2003; Donnez et al.,
2007). To date, more than 10 case studies reported the development of subcutaneous,
parasitic or disseminated leiomyomas after laparoscopic approach to UL, most probably due
to implantation and growth of the tumor particles throughout the abdomen or subcutaneous
tissue (Ostrzenski, 1997; Paul and Koshy, 2006; Takeda et al., 2007; Kumar et al., 2008;
Miyake et al., 2009; Thian et al., 2009; Al-Talib and Tulandi, 2010).

In sum, herein we report a DPL case occurring seven years after laparoscopic supracervical
hysterectomy with morcellation for UL. By exploiting molecular cytogenetic analyses we
conclude that the current DPL is likely the result of implantation and evolution of UL cells
from the initial procedure. Although this complication is extremely rare, consideration
should be given to informing patients about this risk prior to laparoscopic hysterectomy with
morcellation.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.
Histology of the morcellated uterine leiomyoma (A, C, E) and a 6.5 cm implant of
disseminated peritoneal leiomyomatosis (B, C, F) involving the sigmoid serosa. At low (4x
objective) magnification, both the original uterine leiomyoma (A) and subsequent peritoneal
leiomyoma (B) show slightly hypercellular, densely packed smooth muscle cells and thick-
walled blood vessels. Of note, the sigmoid tumor is a well circumscribed nodule covered by
a thin rim of mesenteric fibroadipose tissue (right edge in panel B). At intermediate (10x
objective) magnification, the characteristic fascicular arrangement of smooth muscle cells in
the uterine (C) and peritoneal (D) tumors is seen. Slightly more collagenous extracellular
matrix material (hyaline) and intercellular edema (hydropic change) were present in the
uterine tumor (C). At high (40x objective) magnification, the uterine (E) and peritoneal (F)
tumors are histologically indistinguishable, both being composed of uniform, spindled
smooth muscle cells without atypia or geographic tumor necrosis, and with abundant
eosinophilic cytoplasm and a very low mitotic index (viz., <1 mitotic figure per 10 high
power fields). Scattered mast cells were noted in the peritoneal tumors (not shown), but mast
cells are a common companion to smooth muscle cells in benign uterine leiomyomata.
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Fig. 2.
Intra-operative appearance of DPL nodules scattered over the peritoneum.
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Fig. 3.
Partial karyotypes with GTG-banded chromosomes with structural aberrations observed in
metaphase cells of the DPL: r(1)(p34.3q41), del(3)(q23q26.33), del(9)(q2?2) and t(12;14)
(q14.3;q24.1) from left to right, with arrows designating abnormal chromosomes.
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Table 1

Locations of the chromosomal alterations detected by aCGH

Chromosome Location Alteration

1p36.33-p34.3 (742,580-36,126,342 bp) Deletion

1q41-q44 (215,660,437-247,186,573 bp) Deletion

2p24.2-p24.1 (18,914,304-19,608,288 bp) Deletion

2q32.3 (193,379,909-194,123,897 bp) Deletion

3q23-q26.33 (142,935,925-181,010,217 bp) Deletion

11p15.5 (2,020,604-2,043,167 bp) Gain

14q11.2 (23,115,930-23,181,491 bp) Deletion
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