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Abstract

:

Background: One of the most severe complications of liposuction and fat grafting is pulmonary fat embolism (PFE). However, most healthcare workers are not familiar with PFE. We performed a systematic review to describe the details of PFE. Methods: PubMed, EMBASE, and Google Scholar were searched up to October 2022. Further analysis focused on clinical, diagnostic, and outcome parameters. Results: A total of 40 patients from 19 countries were included. Chest computed tomography (CT) yielded 100% accuracy in the diagnosis of PFE. More than 90% of the deceased died within 5 days after surgery, and in 69% of patients, onset of symptoms occurred within 24 h after surgery. The proportions of patients who required mechanical ventilation, had a cardiac arrest event, or died among all patients and among those whose onset of symptoms occurred within 24 h after surgery were 76%, 38%, and 34% versus 86%, 56%, and 54%, respectively. Conclusions: The earlier the onset of symptoms was, the more severe the clinical course was. Once a patient presents with PFE-related symptoms, surgery should be halted, supportive care initiated, and chest CT used to diagnose PFE. According to our review results, if a patient with PFE survives the initial episode without permanent sequelae, a complete recovery can be anticipated.
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1. Introduction


Plastic surgery was initially utilized for congenital and accidental defects of patients, its applications have expanded to include cosmetic purposes [1,2,3]. According to a recent report by the American Society of Plastic Surgeons, there has been a 132% increase in cosmetic procedures between 2000 and 2016 [4]. At the same time, the prevalence of obesity has significantly increased since 1980, especially among children and young adults in developing middle-income countries [5]. Due to concerns about body image and the influence of social media, cosmetic surgery for obesity is becoming increasingly popular [1,6]. The increased demand for cosmetic surgery raises concerns about adverse events related to surgery. Although generally considered safe, these surgeries carry a risk of severe complications during and after the surgery [7]. Among the various surgical procedures, liposuction and fat grafting are two commonly performed cosmetic surgical treatments [8,9]. Pulmonary fat embolism (PFE) is one of the most severe complications of liposuction and fat grafting [10]. During surgery, damage to adipose tissue and perforation of small blood vessels produce lipid fragments, which enter the venous system and cause lung injury.



Timely diagnosis and treatment of PFE resulting from liposuction and fat grafting is challenging for healthcare workers. First, the symptoms of PFE are similar to many surgery-related complications, such as adult respiratory distress syndrome, pulmonary embolism, pulmonary edema, aspiration pneumonia, drug allergy, and transfusion-related acute lung injury. It is difficult to differentiate PFE promptly from these complications [11]. Additionally, appropriate treatments for these diseases vary and may counteract each other. Second, because patients with PFE present in acute respiratory distress or in an unstable hemodynamic state, they are often taken to the emergency department, which is not the institution where the surgery took place. The scarcity of reliable surgical history for a distressed patient increases the diagnostic difficulty. Third, PFE occurs sporadically, and most healthcare workers are not familiar with its clinical features and management, which might delay optimal treatment for patients who typically require urgent care.



Efficient characterization and management of PFE are essential. To date, scattered case reporting has yielded insufficient insight into the full epidemiological, clinical, diagnostic, therapeutic, and prognostic spectrum. Therefore, we performed a systematic review, the most extensive to date, to analyze the clinical manifestations of PFE. We anticipate that the collected data can provide a complete picture of PFE, offer useful suggestions to healthcare workers, and improve the management of patients with PFE.




2. Methods


2.1. Data Sources and Search Strategy


The study did not involve human subjects or chart review; therefore, an institutional review board approval was not required. To identify related studies, the researchers conducted a search on PubMed, EMBASE, and Google Scholar from the earliest record up to October 2022, with no restrictions on language or country. Non-English-language manuscripts were translated using Google Translate (Mountain View, CA, USA). The researchers used various keywords combined with “fat embolism” for the search, including liposuction, lipectomy, lipoplasty, lipolysis, fat graft, mammaplasty, breast reconstruction, and gluteal augmentation. The reference lists of the included studies were also considered as additional sources.




2.2. Eligibility Criteria and Study Selection


Only case series and cases reports were discovered during the literature search. We reviewed the selected cases and included those that fulfilled at least one of the following criteria:




	(1)

	
Pathological findings during autopsy or bronchoalveolar lavage revealed positive results for PFE [10].




	(2)

	
Patients either presented with pulmonary symptoms or showed classical findings of PFE on images of chest computed tomography (CT) [12,13].










2.3. Data Extraction


Data collected from the reviewed studies included the published year, authors, countries, sex, age, comorbidities, types and body parts of surgery, presenting symptoms on hospital admission, laboratory tests, imaging studies, pathological reports, occurrence of cardiac arrest event, applied treatments, requirement for mechanical ventilation, complications, hospital course, requirement for intensive care, presence of extrapulmonary thromboembolism, sequelae of PFE, and mortality.



Two authors (Y.M.K. and Y.C.C.) independently reviewed the titles and abstracts and selected relevant manuscripts for full-text review, resolving disagreements by consensus or by a third reviewer (K.T.C., one of the study authors).



The main variables of interest were the prevalence of complications, extrapulmonary thromboembolism, and permanent organ failure/disability, with complications defined as concomitant diseases resulting from surgery or hospitalization, extrapulmonary thromboembolisms defined as arterial or venous thromboembolisms during hospitalization involving an organ other than the lung, and permanent organ failure/disability defined as irreversible organ failure and long-term disability after hospital discharge.





3. Results


3.1. Characteristics of Enrolled Studies


We identified 184 studies from the database search and 207 studies from reference lists, resulting in a total of 391 studies. A total of 51 studies were excluded as duplicates. The titles and abstracts of the remaining 340 studies were reviewed. After excluding 251 studies, the authors meticulously reviewed the remaining 89 studies. Of these, 51 were excluded. Among these 51 excluded studies, 5 were meta-analyses, 7 involved allograft-related pulmonary embolism, 4 involved blood-clot-related pulmonary embolism, and 35 involved fat embolisms without pulmonary involvement. Finally, 38 studies (35 in English, 1 in Japanese, 1 in French, and 1 in Portuguese) involving 41 patients met our search criteria. We excluded the case of one patient in a collected study because it contained no evidence of PFE [14]. A total of 40 patients were included in our review. A flow diagram of the search and identification strategy is presented in Figure 1. Patient characteristics are presented in Table 1.



The study included a total of 40 patients, of which 85% were women and 82% had no comorbidities. The age of patients ranged from 21 to 82 years. Liposuction was performed in all studies, and fat grafting was performed in 53% of studies. It is impossible to distinguish the risk of PFE between patients with liposuction alone and those who also received fat grafting. In most cases, the dimensions of the cannula used during surgery were not recorded. The volume of solution aspirated during liposuction varied widely, ranging from 35 to 10,000 mL, and the most frequently treated body parts were the abdomen/flank, lower limbs, buttocks, and breast/chest (as shown in Table 2).



In total, 16 patients were in the United States, 4 were in Brazil, 2 were in France, 2 were in Mexico, 2 were in the United Kingdom, and 1 patient each was reported in Canada, China, Colombia, Egypt, Guatemala, India, Japan, Korea, Romania, Saudi Arabia, South Africa, Sweden, Switzerland, Taiwan, and Vietnam.




3.2. Symptoms, Laboratory Tests, and Diagnostic Measurements of Enrolled Patients


Common symptoms included dyspnea, hypotension, tachycardia, hypoxia, and altered mental state. A total of 23% of patients presented initially with cardiac arrest events. The time to symptom onset ranged from 0 to 13 days after surgery. Most patients (69%) had onset of symptoms within 24 h after surgery, and the time to symptom onset was not reported for one patient.



In terms of laboratory tests, all patients had decreased PaO2/FiO2 ratios (PaO2/FiO2 ≤ 200). Additionally, leukocytosis, anemia, thrombocytopenia, and elevation of D-dimer were frequently observed abnormalities.



Autopsy, chest CT, and bronchoalveolar lavage yielded high accuracy in the diagnosis of PFE. Microscopic examination during autopsy typically shows multiple adipose tissue emboli in pulmonary arteries [41]. Chest CT scan commonly reveals diffuse mixed ground-glass and consolidative opacities involving both lungs. Bronchoalveolar lavage fluid typically contains blood-tinged secretions in the airways, and microscopic examination of the specimens typically reveals the presence of lipid-laden macrophages [13]. Before 1997, pulmonary angiograms revealed multiple irregular peripheral defects in the pulmonary arterial tree with subsegmental occlusions indicating micro emboli in three patients [16,19,20]. The majority of reported plain chest X-ray (CXR) findings revealed opacifications of bilateral lung fields, similar to the presentation of pulmonary edema or adult respiratory distress syndrome. However, 14.3% of the reported CXR findings were negative. In the acute stage, 64% of echocardiograms revealed abnormalities, including global hypokinesia, dilated right ventricle, or signs of pulmonary hypertension [29,35]. Symptoms, laboratory abnormalities, and various diagnostic measurements are listed in Table 3.




3.3. Treatment


The mainstay of treatment for patients with PFE is supportive care, which includes oxygen supplementation, ventilator support, and inotropic agents to manage hypoxia and hypotension. Antibiotics were used to prevent or treat wound infection and pneumonia. Four patients underwent corticosteroid therapy. In 2022, Wolfe reported a patient with severe PFE who underwent extracorporeal membrane oxygenation and survived [49]. Before the definite diagnosis of PFE, a few patients underwent intravenous heparin infusion to treat suspected pulmonary embolism based on their clinical picture and image findings. In an extreme case, a patient underwent combined intravenous streptokinase infusion, pulmonary artery catheter embolectomy, and lobectomy for suspected pulmonary embolism [16].




3.4. Resolution Time for Pulmonary Embolism


Hospitalization time ranged from 3 to 100 days [21,28]. Follow-up CXRs performed 2 days after hospitalization revealed resolution of abnormalities in two patients [17,21]. Follow-up chest CT performed 7, 10, and 10 days after hospitalization revealed resolution of abnormalities in four patients [21,24,35].




3.5. Outcome


The outcome of a patient was not described in one study [32]. Therefore, 39 patients were included for outcome analysis. In total, 13 patients died. Among the 13 patients who died, 12 died within 5 days after surgery and 1 died 20 days after hospitalization [27]. Among the 39 patients, 76% required mechanical ventilation, 38% had cardiac arrest events, and 34% died. Among patients whose symptoms onset within 24 h after surgery, 86% required mechanical ventilation, 56% had cardiac arrest events, and 54% died (Figure 2).



Extrapulmonary thromboembolisms were commonly discovered during autopsy and imaging studies. Among the extrapulmonary thromboembolisms that were discovered, four were cerebral embolisms, two were retinal embolisms, two were lower limb venous thromboembolisms, one was a renal embolism, and one was a spleen embolism. However, among the 26 patients who survived, only 3 (12%) had extrapulmonary thromboembolisms. Complications, including three wound infections, one lung infection requiring lobectomy, one hypoxic encephalopathy, and one acute renal failure, were present in six patients (24%). Extrapulmonary thromboembolisms and complications were present in three patients (12%) with permanent organ failure and disability, including one case of blindness due to a retinal fat embolism, one disability related to cerebral infarction, and one renal failure requiring long-term hemodialysis. Figure 2 shows the incidences of mortality, cardiac arrest events, mechanical ventilation, extrapulmonary thromboembolism, complications, and permanent organ failure/disability of varied patient groups.





4. Discussion


4.1. Demographics and Diagnosis


The patients included in the studies were from 19 different countries located on different continents, indicating that liposuction and fat grafting surgeries are performed worldwide. The age range of patients also varied widely. The wide range of districts and ages demonstrated that PFE caused by liposuction and fat grafting is a threateningly global and general health issue. This issue also presents a challenge for healthcare workers to diagnose and offer appropriate care to patients with PFE. Liposuction and fat grafting were performed on various body parts, suggesting that PFE is not limited to specific body parts. Nearly one-third of patients died, and more than three-quarters of patients required artificial airway and mechanical ventilation, indicating that PFE is a devastating complication of liposuction and fat grafting. If a healthcare worker encounters a patient with unknown respiratory distress, circulatory instability, or neurological abnormalities during or after liposuction/fat grafting, PFE should be considered and investigated meticulously.



Fat embolism syndrome is a multisystem condition. Commonly used diagnostic criteria include those proposed by Gurd and by Schönfeld [32]. However, patients with PFE often experience rapid deterioration of their condition. The collection of adequate diagnostic criteria for a patient exhibiting signs of an emergency situation can be challenging, yet early and accurate recognition of PFE is essential for effective treatment. Treatment should be initiated immediately upon establishment of a diagnosis, and delays caused by unnecessary diagnostic tests should be minimized, while potential harmful therapy should be avoided. Accordingly, early application of imaging studies, especially chest CT, for patients exhibiting signs of PFE may be the best strategy for quickly obtaining an accurate diagnosis. Chest CT also enables the identification of other pulmonary and cardiovascular diseases with symptoms analogous to PFE.



Most patients with PFE undergo CXR examinations, and pulmonary abnormalities are identified in 90% of these scans. However, it can be challenging to distinguish between PFE-related abnormalities and those related to pulmonary edema, adult respiratory distress syndrome, or pneumonia, and further evidence is required to confirm the presence of PFE. Some patients are unable to receive chest CT scans due to an allergy to the contrast agent, poor renal function, or an unstable hemodynamic state. In these cases, echocardiography can be a useful alternative diagnostic tool. Signs of right heart overload and global hypokinesia are typical findings related to PFE, although these findings are not specific to PFE and can also be seen in patients with pulmonary thromboembolism. Patients with PFE and pulmonary thromboembolism both benefit from ventilation and circulation support, and healthcare workers can stabilize patients and arrange further diagnostic measurements to distinguish between the two conditions.



Patients who are stabilized with an artificial airway and mechanical ventilation may undergo bronchoalveolar lavage, which can provide sensitive and specific results for diagnosing PFE. The findings of bronchoalveolar lavage can exclude several other diseases that present similar symptoms to PFE and avoid unnecessary treatments on critically ill patients.



Most patients with PFE present with various and non-specific symptoms related to the lungs and heart. If these symptoms worsen rapidly or are accompanied by involvement of other systems, such as altered mental state, neurological deficit, or skin rash, PFE should be immediately considered and confirmed with the aforementioned diagnostic tests.



Although arterial blood gas analysis is both sensitive and specific in detecting PFE, a finding of PaO2/FiO2 ≤ 200 mmHg can be present in a variety of diseases. Arterial blood gas analysis can be used to identify severe clinical conditions that require meticulous care. Other laboratory tests may reveal abnormalities that are non-specific to PFE, which can be included as part of the diagnostic criteria to confirm the diagnosis of PFE [50].




4.2. Management of Pulmonary Fat Embolism and Complications


The review by Bayter-Marin et al. proposed an explanation for the various clinical manifestations of fat embolism based on whether the embolism was macroscopic or microscopic [51]. In cases involving macroscopic fat embolism, the presence of fat in the cardiac cavities leads to mechanical heart failure and subsequent occlusion of the pulmonary arteries. In cases involving microscopic fat embolism, small amounts of fat enter the bloodstream, affecting the pulmonary capillaries and other organs. Patients in many of the included studies experienced dyspnea or hypotension during surgery, followed by rapid deterioration of their condition. Therefore, to prevent more fat from entering the bloodstream, the surgical procedure should be halted immediately.



The mainstay of treatment for patients with PFE is supportive management, especially respiratory and hemodynamic support. Supportive management involves ensuring adequate oxygenation with oxygen supplementation and mechanical ventilation, if necessary, and achieving adequate circulation with fluid infusion, inotropic agents, and even mechanical circulatory support. Extracorporeal membrane oxygenation is a potential treatment approach for patients with severe PFE, providing both oxygenation and hemodynamic support.



The treatment of patients with PFE may be complicated by infection and extrapulmonary thromboembolism. Surgical wound infection and ventilator-associated pneumonia are common infectious complications. Therefore, a large number of patients receive antibiotics. Extrapulmonary thromboembolism may result from fat embolism itself or develop later due to immobilization-related blood clot formation. Magnetic resonance imaging of the brain and CT of the torso are indicated in patients presenting with neurological deficits or organ damage. Thromboembolism prophylaxis should be initiated if indicated for immobilized patients [52].




4.3. Hospital Course and Outcome


Most patients with PFE have a rapid and severe clinical course. About 69% of patients experience symptoms during or within 24 h after surgery, and more than 90% of deaths occur within 5 days after surgery. Patients who develop symptoms within 24 h after surgery are more likely to require mechanical ventilation, have more cardiac arrest events, and are more likely to die than patients whose symptoms appear 24 h after surgery or later. This finding suggests that the earlier the onset of symptoms, the more severe the clinical course.



However, if a patient with PFE survives the initial episode and resuscitation does not result in permanent sequelae, such as hypoxic encephalopathy or renal failure, the symptoms of PFE usually resolve spontaneously, and a complete recovery can be expected. Among the patients reviewed, abnormalities identified by CXR resolved within a day in one case, and lesions on chest CT resolved 7 to 10 days after hospitalization. Due to the lack of sufficient data, we cannot be certain whether the resolution of abnormalities on images corresponds exactly to the improvement of the patient’s symptoms. Nevertheless, follow-up pulmonary images demonstrate the potential for therapeutic decisions for patients with PFE.




4.4. Strengths and Limitations


This literature review documents cases of PFE from 19 countries worldwide and is the most comprehensive to date. The included studies are globally representative, and the conclusions drawn are useful for healthcare workers worldwide. The study provides a detailed review and analysis of the clinical manifestations of PFE, including details of surgery, onset timing and symptoms, laboratory findings, abnormalities on images and examinations, patient management strategies, hospital courses, and outcomes. Healthcare workers can derive a comprehensive understanding of PFE from this review.



However, this manuscript retains the unavoidable limitations of a review article. First, most reported cases were severe, and information about patients with mild symptoms was omitted. Since symptoms of PFE might resolve with supportive management, patients with mild symptoms might not exhibit clinical significance. Healthcare workers must identify and manage severe PFE early and provide proper treatment. Second, bias was present in the case reports, and data from these studies do not provide as convincing evidence as that of a clinical trial. However, severe PFE is not common in clinical practice, making it challenging to obtain data with enough power in a well-designed trial. Reviewing reported cases may be the most practical approach for presenting the details of PFE. Third, the quality of care for patients with PFE in different reported cases did not follow a universal rule. Therefore, the heterogeneity of hospital courses and outcomes of patients may be derived from different care instead of the influences from different treatments.





5. Conclusions


PFE can occur in any body part undergoing surgery involving liposuction or fat grafting. The earlier the onset of symptoms, the more severe the clinical course tends to be. If a patient undergoing such surgery presents with PFE-related symptoms, such as dyspnea, hypotension, hypoxia, or altered mental state, the first step is to stop the surgical procedure to prevent more fat from entering the blood vessels. The next step is to initiate supportive care to ensure acceptable oxygenation and adequate circulation. The diagnostic criteria for a patient exhibiting signs of an emergency situation may not be appropriate for rapid diagnosis of PFE. Therefore, the liberal use of chest CT to prove or exclude the presence of PFE is warranted. According to our review results, if a patient with PFE survives the initial episode without permanent sequelae, the symptoms usually resolve spontaneously, and a complete recovery can be anticipated.







Author Contributions


Data curation, Y.-M.K.; formal analysis, K.-T.C.; investigation, K.-C.L.; methodology, C.-C.H.; project administration, Y.-C.C.; resources, K.-T.C.; software, K.-C.L.; writing—original draft, Y.-M.K.; writing—review and editing, Y.-C.C. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


The approval of an institutional review board was not required because this study did not involve human subjects or chart review.




Informed Consent Statement


Patient consent was waved because the data were derived from publication articles.




Data Availability Statement


The source codes and data presented in this study are available on reasonable request to the corresponding author (K.T.C.). The raw data are not publicly available because of a data protection policy for patient data and/or patent.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Bonell, S.; Barlow, F.K.; Griffiths, S. The cosmetic surgery paradox: Toward a contemporary understanding of cosmetic surgery popularisation and attitudes. Body Image 2021, 38, 230–240. [Google Scholar] [CrossRef] [PubMed]

	



Peterson, S.L.; Moore, E.E. The integral role of the plastic surgeon at a level I trauma center. Plast. Reconstr. Surg. 2003, 112, 1371–1375. [Google Scholar] [CrossRef] [PubMed]

	



Nejadsarvari, N.; Ebrahimi, A.; Ebrahimi, A.; Hashem-Zade, H. Medical Ethics in Plastic Surgery: A Mini Review. World J. Plast. Surg. 2016, 5, 207–212. [Google Scholar] [PubMed]

	



American Society of Plastic Surgeons. Plastic Surgery Statistics Report—2016 Cosmetic Plastic Surgery Statistics. Chicago. 2016. Available online: https://www.plasticsurgery.org/news/plastic-surgery-statistics (accessed on 1 October 2022).

	



GBD 2015 Obesity Collaborators. Health Effects of Overweight and Obesity in 195 Countries over 25 Years. N. Engl. J. Med. 2017, 377, 13–27. [Google Scholar] [CrossRef]

	



Slevec, J.; Tiggemann, M. Attitudes toward cosmetic surgery in middle-aged women: Body image, aging anxiety, and the media. Psychol. Women Q. 2010, 34, 65–74. [Google Scholar] [CrossRef]

	



Halk, A.B.; Habbema, L.; Genders, R.E.; Hanke, C.W. Safety Studies in the Field of Liposuction: A Systematic Review. Derm. Surg. 2019, 45, 171–182. [Google Scholar] [CrossRef]

	



Doornaert, M.; Colle, J.; Maere, E.D.; Declercq, H.; Blondeel, P. Autologous fat grafting: Latest insights. Ann. Med. Surg. 2018, 37, 47–53. [Google Scholar] [CrossRef]

	



Housman, T.S.; Lawrence, N.; Mellen, B.G.; George, M.N.; Filippo, J.S.; Cerveny, K.A.; De Marco, M.; Feldman, S.R.; Fleischer, A.B. The safety of liposuction: Results of a national survey. Derm. Surg. 2002, 28, 971–978. [Google Scholar] [CrossRef]

	



Cantu, C.A.; Pavlisko, E.N. Liposuction-Induced Fat Embolism Syndrome: A Brief Review and Postmortem Diagnostic Approach. Arch. Pathol. Lab. Med. 2018, 142, 871–875. [Google Scholar] [CrossRef]

	



He, Z.; Shi, Z.; Li, C.; Ni, L.; Sun, Y.; Arioli, F.; Wang, Y.; Ammirati, E.; Wang, D.W. Single-case metanalysis of fat embolism syndrome. Int. J. Cardiol. 2021, 345, 111–117. [Google Scholar] [CrossRef]

	



Newbigin, K.; Souza, C.A.; Torres, C.; Marchiori, E.; Gupta, A.; Inacio, J.; Armstrong, M.; Peña, E. Fat embolism syndrome: State-of-the-art review focused on pulmonary imaging findings. Respir. Med. 2016, 113, 93–100. [Google Scholar] [CrossRef] [PubMed]

	



Kadar, A.; Shah, V.S.; Mendoza, D.P.; Lai, P.S.; Aghajan, Y.; Piazza, G.; Camargo, E.C.; Viswanathan, K. Case 39-2021: A 26-Year-Old Woman with Respiratory Failure and Altered Mental Status. N. Engl. J. Med. 2021, 385, 2464–2474. [Google Scholar] [CrossRef] [PubMed]

	



Platt, M.S.; Kohler, L.J.; Ruiz, R.; Cohle, S.D.; Ravichandran, P. Deaths associated with liposuction: Case reports and review of the literature. J. Forensic Sci. 2002, 47, 205–207. [Google Scholar] [CrossRef] [PubMed]

	



Hunter, G.R.; Crapo, R.O.; Broadbent, T.R.; Woolf, R.M. Pulmonary complications following abdominal lipectomy. Plast. Reconstr. Surg. 1983, 71, 809–813. [Google Scholar] [CrossRef] [PubMed]

	



Christman, K.D. Death following suction lipectomy and abdominoplasty. Plast. Reconstr. Surg. 1986, 78, 428. [Google Scholar] [CrossRef]

	



Ross, R.M.; Johnson, G.W. Fat embolism after liposuction. Chest 1988, 93, 1294–1295. [Google Scholar] [CrossRef]

	



Boezaart, A.P.; Clinton, C.W.; Braun, S.; Oettle, C.; Lee, N.P. Fulminant adult respiratory distress syndrome after suction lipectomy. A case report. S. Afr. Med. J. 1990, 78, 693–695. [Google Scholar]

	



Laub Jr, D.R.; Laub, D.R. Fat embolism syndrome after liposuction: A case report and review of the literature. Ann. Plast. Surg. 1990, 25, 48–52. [Google Scholar] [CrossRef]

	



Currie, I.; Drutz, H.P.; Deck, J.; Oxorn, D. Adipose tissue and lipid droplet embolism following periurethral injection of autologous fat: Case report and review of the literature. Int. Urogynecol. J. 1997, 8, 377–380. [Google Scholar] [CrossRef]

	



Fourme, T.; Vieillard-Baron, A.; Loubières, Y.; Julié, C.; Page, B.; Jardin, F. Early fat embolism after liposuction. Anesthesiology 1998, 89, 782–784. [Google Scholar] [CrossRef]

	



Folador, J.C.; Bier, G.E.; Camargo, R.F.; Sperandio, M. Fat embolism syndrome: Report of a case associated to liposuction. J. De Pneumol. 1999, 25, 114–117. [Google Scholar] [CrossRef]

	



Scroggins, C.; Barson, P.K. Fat embolism syndrome in a case of abdominal lipectomy with liposuction. Md. Med. J. 1999, 48, 116–118. [Google Scholar] [PubMed]

	



Rothmann, C.; Ruschel, N.; Streiff, R.; Pitti, R.; Bollaert, P.E. Fat pulmonary embolism after liposuction. Ann. Fr. D’anesthesie Reanim. 2006, 25, 189–192. [Google Scholar] [CrossRef] [PubMed]

	



Wessman, D.E.; Kim, T.T.; Parrish, J.S. Acute Respiratory Distress following Liposuction. Mil. Med. 2007, 172, 666–668. [Google Scholar] [CrossRef] [PubMed]

	



Costa, A.N.; Mendes, D.M.; Toufen, C.; Arrunátegui, G.; Caruso, P.; de Carvalho, C.R. Adult respiratory distress syndrome due to fat embolism in the postoperative period following liposuction and fat grafting. J. Bras. Pneumol. 2008, 34, 622–625. [Google Scholar] [CrossRef]

	



Coronado-Malagón, M.; Visoso-Palacios, P.; Arce-Salinas, C.A. Fat embolism syndrome secondary to injection of large amounts of soft tissue filler in the gluteal area. Aesthet. Surg. J. 2010, 30, 448–450. [Google Scholar] [CrossRef]

	



Erba, P.; Farhadi, J.; Schaefer, D.J.; Pierer, G. Fat embolism syndrome after combined aesthetic surgery. J. Plast. Surg. Hand Surg. 2011, 45, 51–53. [Google Scholar] [CrossRef]

	



Gleeson, C.M.; Lucas, S.; Langrish, C.J.; Barlow, R.J. Acute fatal fat tissue embolism after autologous fat transfer in a patient with lupus profundus. Derm. Surg. 2011, 37, 111–115. [Google Scholar] [CrossRef]

	



Shiffman, M.A. Fat Tissue Embolism following Fat Transfer. Am. J. Cosmet. Surg. 2012, 29, 145–149. [Google Scholar] [CrossRef]

	



Zeidman, M.; Durand, P.; Kundu, N.; Doumit, G. Fat embolism after liposuction in Klippel-Trenaunay syndrome. J. Craniofac. Surg. 2013, 24, 1319–1321. [Google Scholar] [CrossRef]

	



Cohen, L.; Engdahl, R.; Latrenta, G. Hypoxia after abdominal and thigh liposuction: Pulmonary embolism or fat embolism? Eplasty 2014, 14, ic19. [Google Scholar] [PubMed]

	



Hostiuc, S.; Francisc, A.; Ceauşu, M.; Negoi, I.; Carantino, A. Lethal complications of laser assisted liposuction. Case report. Rom. J. Leg. Med. 2014, 22, 173–176. [Google Scholar] [CrossRef]

	



Astarita, D.C.; Scheinin, L.A.; Sathyavagiswaran, L. Fat transfer and fatal macroembolization. J. Forensic Sci. 2015, 60, 509–510. [Google Scholar] [CrossRef] [PubMed]

	



Byeon, S.W.; Ban, T.H.; Rhee, C.K. A Case of Acute Fulminant Fat Embolism Syndrome after Liposuction Surgery. Tuberc. Respir. Dis. 2015, 78, 423–427. [Google Scholar] [CrossRef]

	



Cárdenas-Camarena, L.; Bayter, J.E.; Aguirre-Serrano, H.; Cuenca-Pardo, J. Deaths Caused by Gluteal Lipoinjection: What Are We Doing Wrong? Plast. Reconstr. Surg. 2015, 136, 58–66. [Google Scholar] [CrossRef] [PubMed]

	



Fu, X.; Gao, S.; Hu, Z.; Guo, Y.; Cai, J. Fat embolism as a rare complication of large-volume liposuction in a plastic patient. J. Forensic Sci. Med. 2015, 1, 68–71. [Google Scholar]

	



Vidua, R.K.; Murty, O.P. Cosmetic Laser Liposuction Fatal Case. J. Forensic Med. Toxicol. 2015, 32, 45–47. [Google Scholar]

	



Ali, A.; Theobald, G.; Arshad, M.A. Fat attacks!: A case of fat embolisation syndrome postliposuction. Case Rep. 2017, 2017, bcr-2017. [Google Scholar] [CrossRef]

	



Sasaki, Y.; Uchi, H.; Furue, M. A case of fat embolism syndrome after liposuction. Nishinihon J. Dermatol. 2017, 79, 459–462. [Google Scholar] [CrossRef]

	



Zilg, B.; Råsten-Almqvist, P. Fatal Fat Embolism after Penis Enlargement by Autologous Fat Transfer: A Case Report and Review of the Literature. J. Forensic Sci. 2017, 62, 1383–1385. [Google Scholar] [CrossRef]

	



Foula, A.; Nassar, M.; Ali, M.; Foula, M. Unexpected Sudden Cardiac Arrest during a Prolonged Liposuction Operation; Alexandria University: Alexandria, Egypt, 2019. [Google Scholar] [CrossRef]

	



Peña, W.; Cárdenas-Camarena, L.; Bayter-Marin, J.E.; McCormick, M.; Durán, H.; Ramos-Gallardo, G.; Robles-Cervantes, J.A.; Macias, A.A. Macro fat embolism after gluteal augmentation with fat: First survival case report. Aesthetic Surg. J. 2019, 39, NP380–NP383. [Google Scholar] [CrossRef] [PubMed]

	



Saon, M.; Walker, D.; Nair, G.B.; Al-Katib, S. Pulmonary fat embolism syndrome after liposuction surgery. Clin. Pulm. Med. 2019, 26, 32–35. [Google Scholar] [CrossRef]

	



Recinos, S.; Barillas, S.; Rodas, A.; Ardebol, J. A rare case of fat embolism syndrome secondary to abdominal liposuction and gluteal fat infiltration. J. Surg. Case Rep. 2020, 2020, rjaa441. [Google Scholar] [CrossRef] [PubMed]

	



Kaiser Ururahy Nunes Fonseca, E.; Chate, R.C. Macroscopic Fat Embolism after Cosmetic Surgery. Radiol. Cardiothorac. Imaging 2022, 4, e210316. [Google Scholar] [CrossRef] [PubMed]

	



Foula, A.S.; Ahmed, M.A.; Foula, M.S.; Nassar, M.W. Sudden Cardiac Arrest during a Prolonged Liposuction and Lipofilling Procedure: A Case Report. Cureus 2022, 14, e25985. [Google Scholar] [CrossRef]

	



Pham, M.Q. Fat Embolism after Plastic Surgery: A Case Report. Plast. Aesthetic Nurs. 2022, 42, 27–30. [Google Scholar] [CrossRef]

	



Wolfe, E.M.; Weber, L.E.; Wo, L.M.; Samaha, M.J.; Mathew, P.; Garcia, O.; Singh, D. Two Cases Surviving Macro Fat Emboli Complications Following Gluteal Fat Grafting. Aesthet. Surg. J. 2022, 42, 902–906. [Google Scholar] [CrossRef]

	



Scarpino, M.; Lanzo, G.; Lolli, F.; Grippo, A. From the diagnosis to the therapeutic management: Cerebral fat embolism, a clinical challenge. Int. J. Gen. Med. 2019, 12, 39–48. [Google Scholar] [CrossRef]

	



Bayter-Marin, J.E.; Cárdenas-Camarena, L.; Aguirre-Serrano, H.; Durán, H.; Ramos-Gallardo, G.; Robles-Cervantes, J.A. Understanding Fatal Fat Embolism in Gluteal Lipoinjection: A Review of the Medical Records and Autopsy Reports of 16 Patients. Plast. Reconstr. Surg. 2018, 142, 1198–1208. [Google Scholar] [CrossRef]

	



Anderson, D.R.; Morgano, G.P.; Bennett, C.; Dentali, F.; Francis, C.W.; Garcia, D.A.; Kahn, S.R.; Rahman, M.; Rajasekhar, A.; Rogers, F.B.; et al. American Society of Hematology 2019 guidelines for management of venous thromboembolism: Prevention of venous thromboembolism in surgical hospitalized patients. Blood Adv. 2019, 3, 3898–3944. [Google Scholar] [CrossRef]








[image: Healthcare 11 01391 g001 550] 





Figure 1. Flow diagram for the search and identification of included studies and patients. 
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Figure 2. Mortality, cardiac arrest events, and mechanical ventilation rates for all patients and for patients with symptoms onset within 24 h after surgery. We excluded the deceased and calculated rates for extrapulmonary thromboembolism, complications, and permanent organ failure/disability. 
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Table 1. Reviewed studies and patients’ characteristics.
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	Year, Author
	Country
	Sex
	Age
	Surgery
	Cardiac

Arrest
	Mechanical Ventilation
	Mortality





	1983, Hunter GR [15]
	US
	F
	37
	Liposuction
	No
	Unknown
	Alive



	1986, Christman KD [16]
	US
	F
	56
	Liposuction
	Yes
	Yes
	Alive



	1988, Ross RM [17]
	US
	F
	44
	Liposuction
	No
	Yes
	Alive



	1990, Boezaart AP [18]
	South Africa
	F
	39
	Liposuction
	No
	Yes
	Alive



	1990, Laub Jr DR [19]
	US
	F
	51
	Liposuction, fat grafting
	No
	No
	Alive



	1997, Currie I [20]
	Canada
	F
	69
	Liposuction, fat grafting
	Yes
	Yes
	Alive



	1998, Fourme T [21]
	France
	F
	29
	Liposuction
	No
	No
	Alive



	1999, Folador JC [22]
	Brazil
	F
	40
	Liposuction
	No
	No
	Alive



	1999, Scroggins C [23]
	US
	F
	54
	Liposuction
	No
	Yes
	Alive



	2002, Platt MS-1 [14]
	US
	F
	82
	Liposuction
	Yes
	Yes
	Alive



	2002, Platt MS-2 [14]
	US
	M
	50
	Liposuction
	Yes
	Yes
	Alive



	2006, Rothmann C [24]
	France
	F
	24
	Liposuction
	No
	Yes
	Alive



	2007, Wessman DE [25]
	US
	M
	31
	Liposuction
	No
	No
	Alive



	2008, Costa AN [26]
	Brazil
	M
	53
	Liposuction, fat grafting
	No
	Yes
	Alive



	2010, Coronado-Malagón M [27]
	Mexico
	F
	26
	Liposuction, fat grafting
	No
	Yes
	Alive



	2011, Erba P [28]
	Switzerland
	F
	46
	Liposuction, fat grafting
	No
	Yes
	Alive



	2011, Gleeson CM [29]
	UK
	F
	37
	Liposuction, fat grafting
	Yes
	Yes
	Alive



	2012, Shiffman MA [30]
	US
	F
	40
	Liposuction, fat grafting
	Yes
	Yes
	Alive



	2013, Zeidman M [31]
	US
	F
	24
	Liposuction
	No
	Yes
	Alive



	2014, Cohen L [32]
	US
	F
	58
	Liposuction
	Unknown
	Unknown
	Unknown



	2014, Hostiuc S [33]
	Romania
	F
	56
	Liposuction
	Yes
	Yes
	Alive



	2015, Astarita DC [34]
	US
	F
	42
	Liposuction, fat grafting
	Yes
	Yes
	Alive



	2015, Byeon SW [35]
	Korea
	M
	21
	Liposuction
	No
	Yes
	Alive



	2015, Cárdenas-Camarena L [36]
	Colombia
	F
	37
	Liposuction, fat grafting
	Yes
	Yes
	Alive



	2015, Fu X [37]
	China
	F
	30
	Liposuction, fat grafting
	No
	No
	Alive



	2015, Vidua RK [38]
	India
	F
	39
	Liposuction
	Yes
	No
	Alive



	2016, Souza RL [12]
	Brazil
	F
	42
	Liposuction, fat grafting
	No
	Yes
	Alive



	2017, Ali A [39]
	UK
	F
	45
	Liposuction
	No
	Yes
	Alive



	2017, Sasaki Y [40]
	Japan
	F
	29
	Liposuction
	No
	Yes
	Alive



	2017, Zilg B [41]
	Sweden
	M
	31
	Liposuction, fat grafting
	Yes
	Yes
	Alive



	2019, Foula A [42]
	Saudi Arabia
	F
	29
	Liposuction, fat grafting
	Yes
	Yes
	Alive



	2019, Peña W [43]
	Mexico
	F
	41
	Liposuction, fat grafting
	Yes
	Yes
	Alive



	2019, Saon MD [44]
	US
	F
	52
	Liposuction, fat grafting
	No
	No
	Alive



	2020, Recinos S [45]
	Guatemala
	M
	37
	Liposuction, fat grafting
	Yes
	Yes
	Alive



	2021, Kadar A [13]
	US
	F
	26
	Liposuction, fat grafting
	No
	Yes
	Alive



	2022, Fonseca EKUN [46]
	Brazil
	F
	32
	Liposuction
	Unknown
	Unknown
	Unknown



	2022, Foula AS [47]
	Egypt
	F
	29
	Liposuction, fat grafting
	Yes
	Yes
	Alive



	2022, Pham MQ [48]
	Vietnam
	F
	37
	Liposuction, fat grafting
	No
	No
	Alive



	2022, Wolfe EM-1 [49]
	US
	F
	28
	Liposuction, fat grafting
	No
	Yes
	Alive



	2022, Wolfe EM-2 [49]
	US
	F
	26
	Liposuction, fat grafting
	No
	Yes
	Alive
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Table 2. Demographic data, types of surgery, and body parts.
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	Demographic Data
	Percentage
	Body Parts
	Percentage





	Age (years)
	38.0 (29.0–47.0) *
	Abdomen/flank
	22 (55%)



	Sex (female)
	34 (85%)
	Lower limbs
	14 (35%)



	Comorbidity
	7 (18%)
	Buttocks
	14 (35%)



	Surgery
	
	Breast/chest
	10 (25%)



	Liposuction
	40 (100%)
	Upper limbs
	3 (8%)



	Fat grafting
	21 (53%)
	Head/neck
	2 (5%)



	Others #
	3 (8%)
	Penis
	2 (5%)







* Median (interquartile range). # Others: repairs of diastasis rectus in two patients, and hysterectomy and oophorectomy in one patient.
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Table 3. Symptoms, laboratory tests, and diagnostic measurements of the included patients. In some studies, patient characteristics were not described; therefore, the sum for each item may not be 40.
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	Symptoms
	Percentage
	Diagnostic Measurements
	Percentage





	Dyspnea
	22 (55%)
	Examinations
	



	Hypotension
	16 (40%)
	CT scan
	19/19 (100%)



	Tachycardia
	14 (35%)
	CXR
	18/20 (90%)



	Hypoxia
	12 (30%)
	Echocardiogram
	9/13 (69)



	Altered mental state
	10 (25%)
	Bronchoalveolar lavage
	5/5 (100%)



	Cardiac arrest
	9 (23%)
	Autopsy
	10/10 (100%)



	Fever
	8 (20%)
	Pulmonary angiogram
	3/3 (100%)



	Skin rash/petechiae
	6 (15%)
	Laboratory tests
	



	Chest pain
	4 (10%)
	PaO2/FiO2 ≤ 200 mmHg
	19/19 (100%)



	Cyanosis
	4 (10%)
	White cell count > 1000, < 4000/μL
	10/14 (71%)



	Cough
	3 (8%)
	Hemoglobin < 12 g/dL
	8/15 (53%)



	Hemoptysis
	3 (8%)
	Platelet < 150,000/μL
	5/14 (36%)



	Syncope
	2 (5%)
	Creatine > 1.2 g/L
	2/6 (33%)



	Bradycardia
	2 (5%)
	T bilirubin > 1.2 g/L
	2/3 (67)



	Neurologic deficit
	2 (5%)
	D-dimer > 500 mg/L
	5/6 (83)
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