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            Abstract

            
               
The incidental morcellation of uterine sarcomas during laparoscopic management of uterine tumors preoperatively misdiagnosed
                  as benign fibroids constitutes a clinical challenge for the further oncological treatment and results in an iatrogenic tumor
                  upstaging. Tumor cell dissemination in the abdominal cavity with the risk of a compromised oncologic outcome, constitutes
                  a major clinical challenge in affected patients. In this report we present the case of a 49 year old patient, for whom a uterine
                  morcellation was conducted as part of a endoscopic supracervical hysterectomy for the preoperative diagnosis of a symptomatic
                  fibroid of the uterus. Postoperatively, final histopathologic exam revealed the presence of a high grade leiomyosarcoma in
                  the uterine specimen. Further oncologic surgical treatment consisted of a median exploratory laparotomy with cytoreductive
                  surgery (CRS) and an hyperthermic intraperitoneal chemotherapy (HIPEC). The postoperative course of the patient proved uneventful.
                  HIPEC may complement CRS in patients with incidental uterine sarcoma morcellation. In our case, HIPEC was well tolerated and
                  no tumor relapse was observed after three, six and twelve months postoperatively. Further studies are needed in order to evaluate
                  the potential benefit of HIPEC in the oncologic treatment of patients with incidental morcellation of uterine sarcoma.  
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               Introduction

            Uterine leiomyomas are the most common pelvic tumor in women 1 and they represent benign proliferations of the uterus that appear during the childbearing years. They are not associated
               with the risk of evolving into malignancy. The number, size and localization of the leiomyomas may vary from one patient to
               another. 
            

            Because they are asymptomatic in the majority of cases, the clinician may identify the fibroids accidentally during a routine
               pelvic examination. Depending of the symptoms and the clinical parameters of the patient, the treatment can and must be personalized
               and it can range from:
            

            - watchful waiting for the women that do not experience signs or symptoms or, they have a mildly intensity

            - medications that target the heavy menstruation and the pelvic pressure; might decrease the volume of the fibroids

            - minimally invasive procedures like uterine artery embolization, radiofrequency ablation, laparoscopic or robotic myomectomy
               or endometrial ablation
            

            - traditional surgical approach that consists from abdominal myomectomy and hysterectomy. 

            Laparoscopic supracervical hysterectomy is a minimally invasive approach used in the surgical management of the leiomyomas,
               that has decreased morbidity, shortened the hospital stay and provided quicker return to normal activities compared with an
               open abdominal surgical approach. 
            

            The ability to offer less invasive surgery often requires the removal of large tissue specimens through a small incision.
               A common tissue extraction technique in these minimal invasive interventions is by morcellation. Morcellation represents a
               technique that disintegrates the fibroids into small pieces, permitting the surgeon to extract them and avoiding to expand
               an incision. 
            

            The main concern regarding uterine morcellation is the dissemination of resected tissue in women surgically managed for presumed
               benign leiomyomas who are found postoperatively to have uterine sarcoma or other gynecological malignancies. According to
               Mayo Clinic, the risk of interfering with an undiagnosed malignancy is significantly lower in the young premenopausal women
               that in the older female patients. 
            

            The clinicians are faced with the important task of ruling out the possibility of uterine leiomyosarcoma (ULMS) or smooth
               muscle tumor of uncertain malignant potential (STUMP) preoperatively 2 . Morcellation of uterine sarcoma appears to be associated with a worsened prognosis 3 , though more data are needed to support this assertion. Because of its rarity, the understanding of leiomyosarcomas is still
               limited, and effective therapeutic regimens in the postoperative setting remain elusive 4 .
            

                       In the past, cytoreductive surgery (CRS) and hyperthermic intraperitoneal chemotherapy (HIPEC) Figure  1  have been successfully used in patients with gynecological pathology 5 ; however, there is limited literature pertaining to CRS/ HIPEC treatment with inadvertently morcellated ULMS. 
            

            
                  
                  Figure 1

                  Illustrationof the Hyperthermic intraperitoneal chemotherapy (HIPEC) according to MayoClinic
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            The first step of this approach is to surgically remove the visible malignant growth – cytoreductive surgery (CRS) and then
               to release a powerful amount of chemotherapy directly into the abdomen by using the hyperthermic intraperitoneal chemotherapy
               method (HIPEC). After being heated to 42ºC, the chemotherapy regimen is distributed directly into the peritoneal cavity, in
               the attempt to prevent the peritoneal dissemination of the malignant cells into the abdomen. The cytotoxicity of chemotherapy
               regimen that is equally distributed into the patient's abdomen is augmented by the hyperthermia and the intraperitoneal insertion
               permits the local carriage of higher doses than the ones that are administered systemically, in this manner the toxicity is
               minimized. 
            

            Furthermore, it is also unclear and remains elusive the optimal management of patients with inadvertently morcellated LMS/STUMP.
               Therefore, we present a case of high grade leiomyosarcoma after laparoscopic supracervical hysterectomy successfully treated
               with CRS/HIPEC. 
            

         

         
               Case presentation: 

            We illustrate the case of a 49-year-old multiparous woman with a history of an asymptomatic myoma measuring 4 x 3 cm, presented
               with complaints of worsening pelvic pain and  menorrhagia in the last year after the initial diagnosis. Upon presentation
               in our department her myoma had increased in size to 5 x 6 cm. The computer tomography images are listed in the Figure  2 . 
            

            
                  
                  Figure 2

                  Imagistic aspects of thelesion
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            She underwent laparoscopic supracervical hysterectomy  Figure  3 with bilateral salpingectomy. Intraoperatively the uterus corpus was morcellated by using a Power Morcellator (Rotocut G1,
               Storz). The estimated blood loss intraoperatively was 150 mL and no postoperative complications occurred. She was discharged
               home on the next day of the surgery. 
            

            
                  
                  Figure 3

                  Laparoscopic aspect of thelesion
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            Pathologic examination of the morcellated 257g specimen revealed the presence of a low differentiated, high-grade leiomyosarcoma,
               positive for estrogen receptor and progesterone receptor. 
            

            For the further management; evaluation included computed tomographic imaging of the thorax and the abdomen with no findings
               suspicious for additional sites of malignancy. Patient underwent an explorative laparotomy with cervical extirpation, bilateral
               adnexectomy, removal of eventual residual tissue and omentectomy with a concomitant hyperthermic intraperitoneal chemotherapy
               (HIPEC) as an individual healing attempt. 
            

            After ten days from the initial surgery, the patient underwent cytoreductive surgery (CRS) via a midline laparotomy and hyperthermic
               intraperitoneal chemotherapy (HIPEC). CRS comprised of a cervical extirpation, a bilateral salpingoopharectomy and an omentectomy.
               Additionally, multiple peritoneal biopsies and an abdominal wash cytology was obtained. Intraoperatively there was no macroscopic
               evidence of disseminated intraperitoneal disease or any residual tissue at time of surgical re-exploration. 
            

            Upon completion of CRS, HIPEC was conducted on the closed abdomen by using an automated heat-exchanger perfusion device (Therm-Chem
               HT 2000). 32.5mg doxorubicin (15mg per m2 body surface) were dissolved in 3000ml 0.9% NaCl solution, heated to 42°C and circulated intraabdominally for about 60 minutes
               with a mean perfusion rate of 2000 milliliters per second, by using an intake catheter placed in the right upper abdomen and
               two outlet catheters, placed in the left upper abdomen and the pouch of Douglas (ThermaSolutions Procedure Kit). Temperature
               of the applied HIPEC was constantly measured during the procedure by using thermal probes in the three application catheters.
               A total operating time of 184 minutes was recorded. 
            

            The further postoperative course proved without complications and the patient was discharged from our department on the 12th  day after the surgery. No postoperative complication was observed. Upon final pathologic examination the tumor was classified
               as pT2b, cN0, pM0, R0, G3. 
            

            The oncology team recommended adjuvant chemotherapy, but the patient opted against a cytostatic medical treatment. Instead,
               after discussing nihil  versus an endocrine treatment as an adjuvant approach, the patient opted for an oral treatment with a selective endocrine
               receptor modulator. An endocrine therapy that included Tamoxifen (10mg once a day) was hence initiated as adjuvant therapy.
               
            

            Patient was followed up in our outpatient-department with a gynecological examination and a transvaginal and abdominal ultrasound
               three and six months post-operatively and an additional computer tomography imaging of the abdomen and the pelvis twelve months
               postoperatively, each time without clinical or radiologic evidence of recurrent disease. 
            

            In a review of the published literature with the help of Medline conducted using the search terms “uterine leiomyosarcoma”, “HIPEC” and “doxorubicin”, we did not find any earlier scientific reports about the use of doxorubicin as a single agent in patients undergoing concomitant
               HIPEC and CRS for morcellated uterine leiomyosarcoma.  
            

         

         
               Discussion

            The matter of dissemination of tumor cells after accidental morcellation of uterine sarcoma, pre- and intraoperatively mistakenly
               classified as benign fibroids has led to an increase in concerns related to the use of so called power-morcellators during
               laparoscopic hysterectomy, prompting the FDA to publish a safety communication 6 . 
            

            As in our patient, in the majority of cases the diagnosis of a leiomyosarcoma is obtained postoperatively in hysterectomies
               or myomectomies undertaken for a presumed symptomatic uterine fibroid 7 . Although some authors have reported diagnostic algorithms for differentiating between leiomyosarcoma and fibroids preoperatively
               and hence guide the appropriate usage of power morcellators, the clinical use of these algorithms warrants further studies
               8 . 
            

            Recent retrospective case series have indicated that overall-survival of patients with leiomyosarcoma in whom power morcellators
               had been accidently used to extract specimens during laparoscopic myomectomy or hysterectomy might be 3, 9 the optimal further therapeutic management of this group of patients is subject of an ongoing clinical research. 
            

            Einstein and colleagues suggested that following an appropriate radiologic workup, surgical restaging of the mass should be
               offered for patients with subtotal hysterectomy or inadvertently morcellated uterine leiomyosarcomas 10 . 
            

            Oduyebo et al reported that 28.5% of patients with an inadvertently morcellated uterine leiomyosarcoma experienced an upstaging
               after surgical exploration despite an unremarkable initial radiologic work-up, stressing out the importance of a surgical
               completion in such clinical situations 2 . 
            

            In our patient, we did not encounter any upstaging. In patients with morcellated leiomyosarcoma having undergone CRS, pelvic
               radiation, as well as conventional, intravenous chemotherapy have been explored as adjuvant treatments 11, 12 . 
            

            The concept of combining cytoreductive surgery with a concomitant HIPEC therapy as a treatment option for laparoscopic resection
               of uterine leiomyosarcoma with morcellation has been recently explored by Sugarbaker and colleagues, who applied cytoreductive
               surgery and a combined HIPEC of doxorubicin and cisplatin in patients with early stage uterine leiomyosarcomas after laparoscopic
               morcellation. In their study they observed a low intra-and postoperative morbidity rate 13 . 
            

            In a case series of Baretti and colleagues, the oncologic outcome of 37 patients with CRS and HIPEC for miscellaneous malignant
               mesenchymal tumors was analyzed 14 . Within the subgroup of patients with uterine leiomyosarcomas (N=8), the authors observed a higher proportion of long survivors
               and best local-regional-free survival compared to the total study cohort. 
            

            To our knowledge, our case-study constitutes the first report of the use of doxorubicin as a single-agent HIPEC in the treatment
               of patients with morcellated leiomyosarcoma. 
            

            We choose to use doxorubicin as a single-agent substance in a HIPEC protocol for the treatment of a morcellated leiomyosarcoma
               due to the relative safety and tolerance of heated doxorubicin in the context of an intraperitoneal application, which had
               been previously demonstrated 15 . 
            

            We did not choose combination chemotherapy for HIPEC in our patient, since we anticipated only minimal residual tumor burden
               during CRS and hence aimed to limit potential adverse side-effects and morbidity of the systemic therapy. 
            

            In our case we observed no post-operative complications and a disease-free survival of more than 18 months. Our case suggests
               that CRS and concomitant HIPEC might be a clinical valuable approach in the management of patients with morcellated leiomyosarcoma
               during precedent laparoscopic hysterectomies or myomectomies which merits further exploration. Due to the relatively low incidence
               of such clinical situations, we presume that it might be a challenging task to obtain data for the optimal adjuvant treatment
               of patients with morcellated leiomyosarcoma from randomized clinical trials. Hence, case reports and small clinical series
               could be a valuable addition to increase experience with the therapeutic management of morcellated leiomyosarcomas.
            

         

         
               Conclusions 

            The incidental morcellation of uterine sarcoma during laparoscopic procedures has recently come into the focus of specialists.
               The oncologic treatment of such patients constitutes a major clinical challenge for the gynecologic oncologist. 
            

            We describe the case of a patient with an incidental morcellation of a high grade uterus sarcoma successfully treated with
               a Doxorubicin HIPEC in combination with cytoreductive surgery. To the best of our knowledge our case represents the first
               scientific evaluation of a single-agent Doxorubicin HIPEC in patients with the diagnosis of a accidentally morcellated sarcoma
               of the uterus. Hence, we feel that our manuscript might be a helpful contribution in the scientific evaluation of treatment
               options in this clinical situation.
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               Abbreviations: 
               
            

            CRS: cytoreductive surgery

            HIPEC: hyperthermic intraperitoneal chemotherapy

            ULMS: uterine leiomyosarcoma

            STUMP: smooth muscle tumor of uncertain malignant potential 

            WCC: white cell count; CRP: C-reactive protein; CT: computed tomography. 
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