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Abstract

:

Simple Summary


Different stimuli can influence posture in daily life and, therefore, impose a risk of a solid balance during standing. To maintain this upright position, the capacity to recognize changes in posture and react appropriately is essential. The increased frequency of falls owing to postural hypotension, along with a lack of postural stability, is a serious problem not just in the elderly, but also different patient groups (e.g., cardiac patients, diabetic patients, or patients recovering from stroke). Similar changes in blood pressure regulation, as well as cardio-postural control, might occur in patients suffering from lymphedema due to differences in fluid volumes of the lower limbs. Lymphedema therapy could therefore affect hemodynamic responses during orthostatic loading (sit-to-stand test) due to the variable amounts of fluid in the lower limbs throughout therapy. To our knowledge, no previous study has ever longitudinally investigated the inter-relationship between lymphedema and hemodynamic responses and changes in volume regulatory hormones during orthostatic loading over three weeks of lymphedema treatment. We report here that lymphedema patients did not show signs of orthostatic hypotension, demonstrating that those patients do not seem to be at an increased risk for orthostatic intolerance and falls. However, lymphedema treatment showed to have a potential beneficial effect on cardiovascular responses during orthostatic challenge (sit-to-stand test) in lymphedema patients.




Abstract


Background: Lymphedema arises due to a malfunction of the lymphatic system, leading to extensive tissue swelling. Complete decongestive therapy (CDT), which is a physical therapy lasting for 3 weeks and includes manual lymphatic drainages (MLD), leads to fluid mobilization and increases in plasma volume. Here, we investigated hemodynamic responses induced by these fluid shifts due to CDT and MLD. Methods: Hemodynamic parameters were assessed continuously during a sit-to-stand test (5 min baseline, 5 min of standing, and 5 min of recovery). This intervention was repeated on days 1, 2, 7, 14, and 21 of CDT, before and after MLD. Volume regulatory hormones were assessed in plasma samples. Results: A total number of 13 patients took part in this investigation. Resting diastolic blood pressure significantly decreased over three weeks of CDT (p = 0.048). No changes in baseline values were shown due to MLD. However, MLD led to a significant decrease in heart rate during orthostatic loading over all epochs on therapy day 14, as well as day 21. Volume regulatory hormones did not show changes over lymphedema therapy. Conclusion: We did not observe any signs of orthostatic hypotension at rest, as well as during to CDT, indicating that lymphedema patients do not display an elevated risk of orthostatic intolerance. Although baseline hemodynamics were not affected, MLD has shown to have potential beneficial effects on hemodynamic responses to a sit-to-stand test in patients undergoing lymphedema therapy.
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1. Introduction


The effects of gravity on the cardiovascular system while standing up create a dip in blood pressure. This can be explained by the fact that blood is pooled in the lower extremities. Consequences of this can be the loss of consciousness (syncope) if the body cannot compensate this blood pressure drop upon standing up [1,2]. Orthostasis can have a huge impact in persons with a known record of dizziness upon standing up or in patients in general (e.g., cardiac patients, diabetic patients, or patients recovering from stroke) [3]. In those people, the cardiovascular system is not able to maintain the mean arterial pressure at a required level when standing up (orthostatic challenge), further leading to a critical decrease in cerebral blood flow, eventually resulting in fainting. The causes of syncope are multiple; it possibly arises due to cardiac issues, hormonal factors, cerebral autoregulation, or autonomic dysfunction [4]. To maintain a stable posture, the capacity to recognize changes in posture and respond appropriately is required [5,6].



The lymphatic vessels transport several liters of lymphatic fluid throughout the whole body every day [7,8,9]. As a result, any malfunction in this system might result in fluid accumulation within the tissue [10]. A chronic and progressive disease, known as lymphedema, may develop [10,11]. Characteristic for this disease are severe tissue swellings, usually occurring in the upper or lower extremities due to a stasis in lymph flow. This fluid accumulation can reach up to 5–15 L [12]. Complete decongestive therapy (CDT) is a noninvasive, multicomponent physical treatment over three weeks that is usually applied to reduce swelling [13]. The physical treatment consists primarily of manual lymphatic drainage (MLD) and compression, as well as bandaging of the swollen body part, along with additional aerobic movements that provide leverage over the swelling. This type of nonoperative, conservative treatment is known to have a preventative, instead of curative, character [14].



In lymphedema patients, cardio-postural control might be affected due to different fluid volumes in the lower limbs, pre- and post-therapy, as well as due to plasma volume changes during physical therapy [10,13,15,16]. However, to our knowledge, there is no previous study focusing on investigating orthostatic intolerance during lymphedema therapy. We have previously reported that three weeks of physical therapy leads to fluid shifts in the limbs, as well as the whole body, in lower limb lymphedema patients [13]. Lymphedema therapy could therefore affect hemodynamic responses during orthostatic loading due to different amounts of fluid in the lower limbs, pre- and post-therapy. Increases of plasma volume due to MLD, as we have previously reported [13], might influence volume regulating hormones. Thus, we investigated hemodynamics at rest and in response to orthostatic loading before, during, and after CDT. We hypothesize that three weeks of physical therapy will have beneficial effects on hemodynamics at rest. We further hypothesize that hemodynamic responses to a sit-to-stand test (orthostatic loading) will be modulated due to CDT and/or MLD over three weeks. As far as we are aware, no previous study has ever investigated the inter-relationship between lymphedema and hemodynamic responses and changes in volume regulatory hormones during orthostatic loading longitudinally over three weeks of lymphedema treatment.




2. Materials and Methods


This investigation was performed at the clinical center for lymphatic disorders, KABEG, Wolfsberg, Austria. Data analysis was conducted at the Division of Physiology at the Medical University of Graz, Austria. Prior to commencing the study, a positive ethical vote was received from the responsible Ethics Committee of Carinthia (A 03/17), as well as from the Ethics Committee at the Medical University of Graz (29-090 ex 16/17). The study was conducted following the latest Declaration of Helsinki (2013). Each patient was given extensive information about the procedures, and provided both informed and written consent. The signed consent forms are stored at the Medical University of Graz.



2.1. Patients


Male and female patients diagnosed with stage II primary and secondary lower limb lymphedema were recruited directly at the clinical center for lymphatic disorders. Diagnosis was performed according to the recommendations reported in the most recent consensus document provided by the International Society of Lymphology (ISL) [17]. Enrollment of patients into the study followed distinct criteria. Included were patients with lymphedema of the lower extremities at stage II prior to undergoing three weeks of CDT. The following exclusion criteria were applied: patients that showed any clinical signs of mental disorders, patients taking specific medications that could possibly influence the assessed variables (e.g., diuretics or beta-blockers), as well as patients with a medical history of cardiovascular diseases e.g., syncope. Pregnant women, as well as patients who received CDT in the last 12 months, were also not allowed to participate.




2.2. Therapy Protocol


The treatment protocol was based on the recommendations by Döller [18,19] and is routinely performed at the clinical center for lymphatic disorders in Wolfsberg. Briefly, the three weeks of lymphedema therapy (CDT) comprised of 30 min of manual lymphatic drainages (MLD), aiming at mobilizing and eliminating edema fluid. This was performed every weekday (5 times per week). MLD was always performed on the same time of the day by different therapists. Then, the application of compression bandages to the lower limbs were worn during the day and overnight. Whilst wearing these compression garments, patients also performed physical exercise, such as walking and/or ergometry, for about 60 min each day, either individually or in groups.




2.3. Assessment of Hemodynamic Responses (Sit-to-Stand Test)


All measurements were performed in the morning (from 8:00 am to noon) in a quiet and slightly dimmed room. Room temperature was set between 21 and 24 °C. Humidity was controlled and remained in the range of 50–60%. Hemodynamic assessment was performed at different timepoints over three weeks of CDT (on day 1, day 2, day 7, day 14, and day 21) to investigate a time-course effect of CDT. Patients were asked to refrain from coffee 24 h before the assessment, but were allowed to have breakfast 1 h prior to the measurement. Further, to determine the effect of MLD, the measurements were carried out immediately before and after 30 min of MLD on each of the indicated days, as further depicted in Figure 1. To assess hemodynamic parameters at baseline (rest) after a 10-min rest period, as well as in response to orthostatic loading, patients were asked to perform a sit-to-stand test, which consists of three parts: (A) 5 min sitting as baseline; (B) 5 min standing; (C) 5 min sitting again as recovery. Throughout all three stages, a Task Force Monitor® (CNSystems, Graz, Austria) was utilized to continually assess hemodynamic parameters noninvasively. The following parameters were continuously recorded: heart rate (HR), systolic and diastolic blood pressure (SBP/DBP), as well as mean arterial pressure (MAP). For further details, please see Trozic et al. 2019 [2].




2.4. Assessment of Volume Regulating Hormones


Aldosterone and plasma renin activity (PRA) were assessed via a commercially available ELISA kit (Hölzel Diagnostika, Cologne, Germany). Atrial natriuretic peptide (ANP) was assessed via an RIA kit without prior extraction (Nichols Institute, San Juan Capistrano, CA, USA). Arginine vasopressin (AVP) was assessed via an ELISA kit (Biomedica, Vienna, Austria). A commercially available ELISA kit (Cloud-Clone Corp., Katy, TX, USA) was used to measure adrenomedullin (ADM). Pro-brain natriuretic peptide (proBNP) was assessed via a competitive inhibition-enzyme-linked immunosorbent assay (Cloud-Clone Corp., Katy, TX, USA). All hormone assessments were performed at the Medical University of Graz, Austria.




2.5. Data Analysis and Statistics


MATLAB Software (Version 2016b, The MathWorks Inc., Natick, MA, USA) was used to analyze hemodynamic data as previously described in Trozic et al., [18]. Epochs of 10-s intervals (average of time series) were analyzed from each phase of the sit-to-stand test, as depicted in Figure 2. Because of the scarcity of complete datasets, two-way ANOVA for repeated measurements was used to examine hemodynamic responses, using the following variables for each measurement day separately: epochs and pre-/post-MLD. Level of significance was fixed at p-values < 0.05. SPSS Statistics (Vers. 23, IBM, Armonk, NY, USA) was utilized for statistical analysis. Figures were generated via GraphPad Prism (Vers. 8.4.1, GraphPad Software Inc., San Diego, CA, USA). All data are displayed as means ± standard deviation (SD). Figures depict means ± standard error of the mean in order to provide better visualization.





3. Results


In total, 13 patients (10 females and 3 males, 57 ± 8 of age, 167.2 ± 8.3 cm height, 91.0 ± 23.5 kg weight) were included. Demographic details are depicted in Table 1.



3.1. Baseline Hemodynamic Parameters


Resting diastolic blood pressure (DBP) (epoch 1) significantly reduced from 90.9 ± 10.6 mmHg before to 82.4 ± 4.0 mmHg (F(4,12) = 3.31; p = 0.048) after three weeks of CDT (Figure 3C, Table 2). Baseline values in heart rate (HR), systolic blood pressure, as well as mean blood pressure (MBP) were not altered (F(4,16) = 1.17; p = 0.362; F(4,12) = 2.65; p = 0.085 and F(4,12) = 2.89; p = 0.069, respectively) as a result of three weeks of CDT (Figure 3A,B,D).



Manual lymphatic drainage did not affect HR (F(1,4) = 1.17; p = 0.699), SBP (F(1,3) = 0.00; p = 0.998), DBP (F(1,3) = 2.28, p = 0.632), and MBP (F(1,3) = 0.07; p = 0.815), as no significant changes could be observed in these parameters (Figure 3A–D).




3.2. Responses in Hemodynamic Parameters during Orthostatic Loading


Heart rate significantly reduced over all indicated epochs on therapy day 14, as well as therapy day 21 (F(1,9) = 6.07; p = 0.036 and F(1,9) = 5.24; p = 0.048, respectively), due to 30 min of MLD (Figure 4). An overall effect over all epochs was observed in heart rate values during orthostatic loading on the first (F(9,72) = 12.53; p = 0.014), seventh (F(9,81) = 6.56; p < 0.001), fourteenth (F(2,21) = 5.14; p < 0.001), and twenty-first (F(2,19 )= 6.67; p = 0.006) day of CDT. Responses in blood pressure did not show any changes during orthostatic loading pre- compared to post-MLD on each individual measurement day.





4. Discussion


Our results show that diastolic blood pressure at rest reduced during three weeks of lymphedema therapy. However, no significant changes were observed in all other baseline hemodynamic parameters resulting from physical treatment. Hemodynamic responses showed a significantly reduced heart rate response to orthostatic loading assessed via a sit-to-stand test towards the end of CDT (after 2 weeks).



Over three weeks of CDT, diastolic blood pressure at rest significantly decreased from 90.9 ± 10.6 mmHg to 82.4 ± 4.0 mmHg (p = 0.048). As we are not aware of any previously published study reporting alterations in blood pressure due to lymphedema therapy, this is a novel finding. It is unclear if the drop of diastolic blood pressure was caused by lymphedema therapy or exercise done as part of full decongestive therapy, as physical activity and exercise is one aspect of lymphedema therapy, along with MLD and compression bandages. A total of 30–60 min of exercise a week has been shown in studies to result in a significant reduction in diastolic blood pressure in critical hypertensives [20]. In this study, neither daily pedometer steps nor daily workout time were reported. However, since CDT was administered in a hospital setting with tight time constraints, rehabilitation sessions, and workout classes, the daily exercise duration was similar for all participants, about 60 min per day.



No changes in baseline hemodynamic parameters could be observed after MLD. Previous studies examining cardiovascular and hemodynamic changes due to physical therapy report inconclusive outcomes [21,22,23]. Esmer et al. 2019 revealed immediate changes in blood pressure, as well as heart rate, following one session of manual lymphatic draining in several different body regions [21]. They reported a decrease in systolic and diastolic blood pressure directly after MLD, which was performed in the lower extremities [21]. This is in contradiction to the results we present here. Another study performed by Kim et al. 2009 showed that heart rate variability significantly changed between the group receiving MLD and the control group [24]. However, this was reported in healthy participants and not in lymphedema patients. Hemodynamic parameters (heart rate and blood pressure) did not show changes after MLD in the patients that were included in this study. Our findings are also supported by a study performed by Ramos et al. 2015. They reported that no changes in blood pressure occurred during and post a single application of 30 min of MLD [22]. Leduc et al. 2011 used echocardiography and investigated changes in cardiac parameters during and due to lymphatic drainage. In their study, the patients showed a significant reduction in heart rate, whereas blood pressure did not change due to MLD [23]. A potential explanation for the inconclusive findings in the different studies could be the patients that were included. Some studies included healthy participants [21,22], while, in others, patients with heart disease participated [23]. In our study, hemodynamic changes due to MLD were determined in lower limb lymphedema patients. This has not been reported previously.



Another hypothesis was that lymphedema patients will display signs of orthostatic hypotension. This hypothesis is based on the increased fluid volumes in the legs, before vs. after physical therapy. Further, we have previously reported an elevation of 1.5% of plasma volume post-MLD [13]. The sit-to-stand test was successfully completed by all patients. Further, lymphedema patients did not show any signs of orthostatic hypotension. The definition of orthostatic hypotension is a reduction of systolic blood pressure levels of 20 mmHg and/or a reduction in diastolic blood pressure by 10 mmHg during upright posture [2,25]. This did was not observed in lymphedema patients, neither at the beginning (baseline), nor over the three weeks of treatment. Our findings indicate that lymphedema patients do not seem to be at an increased risk of orthostatic intolerance. Further, those patients are not at a higher risk of falling.



Furthermore, a significant reduction in heart rate was seen due to MLD over all 10 epochs on the 14th and 21st day of CDT (p = 0.036 and p = 0.048, respectively). An average reduction in heart rate of 4 bpm was seen on the 14th day and a decrease of 5 bpm on the 21st day of CDT over all epochs of the indicated measurements. Therefore, MLD appears to have possible beneficial effects on cardiovascular parameters/hemodynamic responses to an orthostatic challenge in patients with lymphedema.



Both CDT and MLD did not influence blood pressure responses during orthostatic loading. Finally, volume regulatory hormones were not affected by lymphedema therapy. The amount of fluid shifts due to MLD were not sufficient to induce volume regulatory responses.



Limitations


One potential weakness of this clinical investigation could be the limited number of patients that could be included (n = 13). However, we did perform a sample size calculation a priori, which revealed that an estimated total of 13 patients would be a sufficient sample size to show statistical significance. Moreover, the main strength of this investigation is that each individual patient counted as his/her own control. Therefore, each individual patient was followed over the entire time-course of three weeks of complete physical therapy. The same assessments were conducted over several time points in the same patient. Due to the limited number of patients involved in this study, a separate analysis depending on the different therapists who applied MLD to the patients was not possible. Therefore, future studies should also consider the effect of MLD performed by different therapists. Further, larger cohort studies should be performed in future, which will allow the investigation of different stages and disease durations of lymphedema, distinct etiologies (primary or secondary), in various body parts (upper and/or lower limbs), or by differing therapies (surgery, physiotherapies, or medications).





5. Conclusions


Our results show that patients with lymphedema are not at an elevated risk of orthostatic intolerance and falls due to hemodynamic changes, since no signs of orthostatic hypotension during an orthostatic challenge (sit-to-stand test) were observed in those patients at baseline, as well as over three weeks of complete decongestive therapy. Baseline hemodynamic parameters were not affected by manual lymphatic drainage. Nevertheless, lymphatic drainage has a possible beneficial effect on hemodynamic parameters during an orthostatic challenge in patients suffering from lymphedema who are undergoing physical therapy.







Author Contributions


Conceptualization, B.B., C.U., G.A., A.R., and N.G.; methodology, B.B., G.A., A.R., and N.G.; formal analysis, B.B., O.W., and P.S.; writing—original draft preparation, B.B., O.W., C.U., G.A., P.S., A.R., and N.G.; writing—review and editing, B.B., O.W., C.U., G.A., P.S., A.R., and N.G. 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 study was conducted according to the guidelines of the Declaration of Helsinki, and approved by the Ethics Committee of the Ethics Committee of Carinthia (EK: A 03/17), as well as from the Ethics Committee of the Medical University Graz (EK: 29-090 ex 16/17).




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study.




Data Availability Statement


The data presented in this study are available on request from the corresponding author.




Acknowledgments


The authors wish to thank all patients who agreed to take part in this study.




Conflicts of Interest


Parts of this manuscript have been published as part of the doctoral thesis of Bianca Brix (first author).




References


	



Patel, K.; Rössler, A.; Lackner, H.; Trozic, I.; Laing, C.; Lorr, D.; Green, D.A.; Hinghofer-Szalkay, H.; Goswami, N. Effect of postural changes on cardiovascular parameters across gender. Medicine 2016, 95, e4149. [Google Scholar] [CrossRef] [PubMed]

	



Trozic, I.; Platzer, D.; Fazekas, F.; Bondarenko, A.I.; Brix, B.; Rossler, A. Postural hemodynamic parameters in older persons have a seasonal dependency: A pilot study. Z. Gerontol. Geriatr. 2020, 53, 145–155. [Google Scholar] [CrossRef]

	



Rodriguez, J.; Blaber, A.P.; Kneihsl, M.; Trozic, I.; Ruedl, R.; Green, D.A.; Broadbent, J.; Xu, D.; Rössler, A.; Hinghofer-Szalkay, H.; et al. Poststroke alterations in heart rate variability during orthostatic challenge. Medicine 2017, 96, e5989. [Google Scholar] [CrossRef] [PubMed]

	



Goswami, N.; Blaber, A.P.; Hinghofer-Szalkay, H.; Montani, J.-P. Orthostatic Intolerance in Older Persons: Etiology and Countermeasures. Front. Physiol. 2017, 8, 803. [Google Scholar] [CrossRef] [PubMed]

	



Xu, D.; Tremblay, M.F.; Verma, A.K.; Tavakolian, K.; Goswami, N.; Blaber, A.P. Cardio-postural interactions and muscle-pump baroreflex are severely impacted by 60-day bedrest immobilization. Sci. Rep. 2020, 10, 1–13. [Google Scholar] [CrossRef] [PubMed]

	



Verma, A.K.; Garg, A.; Xu, D.; Bruner, M.; Fazel-Rezai, R.; Blaber, A.P.; Tavakolian, K. Skeletal Muscle Pump Drives Control of Cardiovascular and Postural Systems. Sci. Rep. 2017, 7, srep45301. [Google Scholar] [CrossRef] [PubMed]

	



Breslin, J.W.; Yang, Y.; Scallan, J.P.; Sweat, R.S.; Adderley, S.P.; Murfee, W.L. Lymphatic Vessel Network Structure and Physiology. Compr. Physiol. 2018, 9, 207–299. [Google Scholar]

	



Adamczyk, L.A.; Gordon, K.; Kholová, I.; Meijer-Jorna, L.B.; Telinius, N.; Gallagher, P.J.; Van Der Wal, A.C.; Baandrup, U. Lymph vessels: The forgotten second circulation in health and disease. Virchows Arch. 2016, 469, 3–17. [Google Scholar] [CrossRef] [PubMed]

	



Hu, D.; Li, L.; Li, S.; Wu, M.; Ge, N.; Cui, Y.; Lian, Z.; Song, J.; Chen, H. Lymphatic system identification, pathophysiology and therapy in the cardiovascular diseases. J. Mol. Cell. Cardiol. 2019, 133, 99–111. [Google Scholar] [CrossRef]

	



Brix, B.; Sery, O.; Onorato, A.; Ure, C.; Roessler, A.; Goswami, N. Biology of Lymphedema. Biology 2021, 10, 261. [Google Scholar] [CrossRef] [PubMed]

	



Filelfi, S.; Onorato, A.; Brix, B.; Goswami, N. Lymphatic Senescence: Current Updates and Perspectives. Biology 2021, 10, 293. [Google Scholar] [CrossRef] [PubMed]

	



Kostanoğlu, A.; Ramoğlu, M.; Güneren, E. Results of home-based modified combined decongestive therapy in patients with lower extremity lymphedema. Turk. J. Med. Sci. 2019, 49, 610–616. [Google Scholar] [CrossRef] [PubMed]

	



Brix, B.; Apich, G.; Roessler, A.; Ure, C.; Schmid-Zalaudek, K.; Hinghofer-Szalkay, H.; Goswami, N. Fluid Shifts Induced by Physical Therapy in Lower Limb Lymphedema Patients. J. Clin. Med. 2020, 9, 3678. [Google Scholar] [CrossRef] [PubMed]

	



Noh, S.; Hwang, J.H.; Yoon, T.H.; Chang, H.J.; Chu, I.H.; Kim, J.H. Limb Differences in the Therapeutic Effects of Complex Decongestive Therapy on Edema, Quality of Life, and Satisfaction in Lymphedema Patients. Ann. Rehabil. Med. 2015, 39, 347–359. [Google Scholar] [CrossRef] [PubMed]

	



Brix, B.; Apich, G.; Ure, C.; Roessler, A.; Goswami, N. Physical therapy affects endothelial function in lymphedema patients. Lymphology 2020, 53, 109–117. [Google Scholar] [PubMed]

	



Brix, B.; Apich, G.; Rössler, A.; Walbrodt, S.; Goswami, N. Effects of physical therapy on hyaluronan clearance and volume regulating hormones in lower limb lymphedema patients: A pilot study. Sci. Prog. 2021, 104, 0036850421998485. [Google Scholar] [CrossRef] [PubMed]

	



Executive Committee of the International Society of Lymphology. The diagnosis and treatment of peripheral lymphedema: 2020 Consensus Document of the International Society of Lymphology. Lymphology 2020, 53, 3–19. [Google Scholar]

	



Döller, W. Lymphologie. Wien. Med. Wochenschr. 2013, 163, 153–154. [Google Scholar] [CrossRef] [PubMed]

	



Apich, G. Konservative Therapie des Lymphoedems—Lymphologische Rehabilitationsbehandlung. Wien. Med. Wochenschr. 2013, 163, 169–176. [Google Scholar] [CrossRef] [PubMed]

	



Ishikawa-Takata, K.; Ohta, T.; Tanaka, H. How much exercise is required to reduce blood pressure in essential hypertensives: A dose–response study. Am. J. Hypertens. 2003, 16, 629–633. [Google Scholar] [CrossRef]

	



Esmer, M.; Keser, I.; Erer, D.; Kupeli, B. Acute Cardiovascular Responses to the Application of Manual Lymphatic Drainage in Different Body Regions. Lymphat. Res. Biol. 2019, 17, 362–367. [Google Scholar] [CrossRef] [PubMed]

	



Ramos, P.D.S.; Cunha, I.R.M.M.; Rachel, M.C.; Pacca, P.S.S.; Ferreira, A.P.; Ricardo, D.R. Acute cardiovascular responses to a session of Manual Lymphatic Drainage. Fisioter. Movimento. 2015, 28, 41–48. [Google Scholar] [CrossRef]

	



LeDuc, O.; Crasset, V.; Leleu, C.; Baptiste, N.; Koziel, A.; Delahaie, C.; Pastouret, F.; Wilputte, F.; LeDuc, A. Impact of manual lymphatic drainage on hemodynamic parameters in patients with heart failure and lower limb edema. Lymphology 2011, 44, 13–20. [Google Scholar] [PubMed]

	



Kim, S.-J.; Kwon, O.-Y.; Yi, C.-H. Effects of manual lymph drainage on cardiac autonomic tone in healthy subjects. Int. J. Neurosci. 2009, 119, 1105–1117. [Google Scholar] [CrossRef] [PubMed]

	



Gupta, V.; Lipsitz, L.A. Orthostatic Hypotension in the Elderly: Diagnosis and Treatment. Am. J. Med. 2007, 120, 841–847. [Google Scholar] [CrossRef] [PubMed]








[image: Biology 10 00642 g001 550] 





Figure 1. Detailed overview of data collection during complete decongestive therapy (CDT), as well as manual lymphatic drainage (MLD), over three weeks of lymphedema treatment. Sit-to-stand test was performed twice per day, before and after MLD, as indicated in the dashed boxes. 
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Figure 2. Overview of the epochs that we defined and used for data analysis. Several key epochs were examined (191): (1) final 10 s of sitting baseline, (2) 0–10 s, (3) 10–20 s, (4) 20–30 s, (5) 290–300 s, and (6) final 10 s of stand phase, as well as (7) initial 0–10 s, (8) 10–20 s, (9) 20–30 s, and (10) final 10 s of sitting recovery. 
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Figure 3. Time course showing baseline hemodynamic parameters over three weeks of complete decongestive therapy (CDT), before and after manual lymphatic drainage (MLD). Displayed are (A) heart rate, as well as (B) systolic, (C) diastolic, and (D) mean blood pressure. Data before MLD are depicted as blue dots; values after MLD are shown as red circles. Asterisks mark significant differences (*). Note: ticks on the x-axis (day of therapy) are not spaced equally in time. 
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Figure 4. Responses of heart rate during distinct epochs of a sit-to-stand test throughout Table 1. (A) day 1, (B) day 2, (C) day 7, (D) day 14, and (E) day 21 of lymphedema therapy. The blue dots show data before MLD. Red boxes reflect data after MLD. Significant differences in heart rate pre- vs. post-MLD are labeled with asterisks (*). 
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Table 1. Patients’ demographic details.
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	ID
	Sex
	Age (years)
	Height (cm)
	Weight (kg)
	Type of Lymphedema





	1
	female
	55
	167
	61.0
	Secondary bilateral lymphedema



	2
	male
	63
	180
	116.0
	Secondary bilateral lymphedema



	3
	female
	53
	178
	116.8
	Secondary unilateral lymphedema



	4
	female
	52
	165
	94.7
	Secondary bilateral lymphedema



	5
	female
	46
	158
	62.9
	Secondary bilateral lymphedema



	6
	female
	55
	159
	101.4
	Primary bilateral lymphedema



	7
	male
	56
	180
	90.2
	Secondary bilateral lymphedema



	8
	female
	71
	159
	70.0
	Primary bilateral lymphedema



	9
	female
	64
	165
	103.2
	Secondary unilateral lymphedema



	10
	male
	59
	176
	137.1
	Primary unilateral lymphedema



	11
	female
	40
	157
	73.7
	Primary bilateral lymphedema



	12
	female
	66
	168
	59.9
	Primary bilateral lymphedema



	13
	female
	55
	161
	95.5
	Secondary bilateral lymphedema



	Mean
	
	57
	167.2
	91.0
	



	SD
	
	8
	8.3
	23.5
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Table 2. Changes in resting hemodynamic parameters (baseline values) during three weeks of complete decongestive therapy, pre- vs. post-manual lymphatic drainage (MLD). The data are displayed as means ± standard deviation.
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Characteristic

	
Complete Decongestive Therapy

	




	
Day 1

	
Day 2

	
Day 7

	
Day 14

	
Day 21

	
Estimated Marginal Means






	
Heart rate (bpm)

n = 5

	
Before MLD

	
82.6

± 15.6

	
85.7

± 12.2

	
82.7

± 12.9

	
85.2

± 13.2

	
79.1

± 15.2

	
83.1

± 13.5




	
After

MLD

	
85.2

± 13.1

	
82.2

± 13.2

	
82.8

± 18.2

	
79.0

± 7.9

	
79.3

± 12.4

	
81.7

± 11.8




	
Estimated marginal means

	
83.9

± 13.8

	
84.0

± 11.6

	
82.7

± 15.5

	
82.1

± 9.2

	
79.2

± 12.4

	




	
Systolic blood pressure

(mmHg)

n = 4

	
Before MLD

	
137.2

± 16.4

	
145.8

± 30.3

	
124.8

± 16.5

	
131.7

± 15.9

	
112.7

± 11.5

	
130.4

± 12.9




	
After

MLD

	
128.5

± 5.4

	
138.1

± 7.8

	
130.4

± 11.1

	
133.3

± 19.6

	
122.0

± 14.5

	
130.4

± 6.8




	
Estimated marginal means

	
132.8

± 10.2

	
142.0

± 18.4

	
127.6

± 13.4

	
132.5

± 13.1

	
117.3

± 12.4

	




	
Diastolic blood pressure

(mmHg)

n = 4

	
Before MLD

	
90.3

± 16.4

	
100.9

± 17.7

	
86.8

± 8.7

	
90.2

± 1.2

	
79.6

± 4.3

	
89.6

± 7.4




	
After

MLD

	
91.5

± 8.2

	
93.9

± 4.9

	
96.8

± 13.9

	
86.0

± 10.0

	
85.2

± 4.1

	
90.7

± 5.6




	
Estimated marginal means

	
90.9

± 10.6

	
97.4

± 7.5

	
91.8

± 11.3

	
88.1

± 5.2

	
82.4

± 4.0

	




	
Mean blood pressure

(mmHg)

n = 4

	
Before MLD

	
108.3

± 14.8

	
118.5

± 22.8

	
102.3

± 10.9

	
107.8

± 7.4

	
93.3

± 6.1

	
106.1

± 9.4




	
After

MLD

	
105.5

± 6.7

	
111.7

± 2.8

	
110.8

± 12.1

	
105.1

± 13.0

	
100.6

± 7.8

	
106.8

± 5.3




	
Estimated marginal means

	
106.9

± 9.5

	
115.1

± 12.3

	
106.6

± 11.2

	
106.4

± 8.5

	
97.0

± 6.6
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