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Review-1:
Durability and Clinical impact of tricuspid valve procedures in patients receiving a continuous-flow left
ventricular assist device. Han J, Tkeda K, Tkayama H, Kurlansky PA, Mauro CM, Colombo PC,
Yuzefpolskaya M, Fukuhara S, Truby LK, Topkara VK, Garan AR, Mancini DM, and Naka Y. The Journal of
Thoracic and Cardiovascular Surgery. 2016; 151: 520-527
Right ventricular dysfunction and significant tricuspid regurgitation are frequently seen in end stage heart
failure patients undergoing Left Ventricular Assist Device (LVAD) implantation. Clinical impact of tricuspid
valve repair at the time of LVAD implantation in patients with pre-existing significant tricuspid regurgitation
has been a topic of debate for several years. Some groups have advocated for concomitant repair and reported
decreased postoperative right ventricular failure and improved clinical outcomes. However, the STS database
analysis by Roberston etal., showed worse early operative outcomes in the group that underwent concomitant
tricuspid valve procedures. At this time, there are no guidelines or randomized controlled trials to guide
management of significant tricuspid regurgitation in patient’s undergoing LVAD implantation.
In this study, patients who received continuous flow left ventricular assist device (CF-LVAD) between May
2004 and December 2013 at Columbia University Medical Center were reviewed retrospectively. Patients who
met study criteria were divided into to two groups. Group A included patients who received tricuspid valve
procedures along with LVAD implantation (n= 76, 68 repairs and 8 replacements) and Group B (n=252)
included patients who did not receive tricuspid valve procedures. Tricuspid valve procedures were performed
based on presence of significant tricuspid regurgitation (defined by authors as moderate or greater degree of
TR) noted during intraoperative TEE. Primary outcome variables were 2 year survival on device, freedom from
heart failure admissions and degree of TR on serial echocardiography.
Pre-operative characteristics in Group A were notable for higher CVP/PCWP (0.556 ± 0.279 Vs 0.475 ± 0.258,
p = 0.032), total bilirubin (1.80 ± 1.36 Vs 1.40 ± 1.09, p =0.009) and lower hemoglobin and hematocrit (10.8 ±
1.84 Vs 11.5 ± 2.06, p = 0.08 and 33.3 ± 5.55 Vs 35.1 ± 5.82, p = 0.017). Patient who underwent tricuspid valve
procedures had longer cardiopulmonary bypass time (CPB) (136 ± 52. 0 Vs 83.9 ± 38.8, p < 0.0001) and
increased use of platelets (13.6 ± 6.70 Vs 11.7 ± 5.92, p = 0.42). There was higher rate of returning to the OR in
patients in group A and there was a non-statistically increased use of RVAD without any difference in outcomes
following RVAD implantation. Two year survival was similar in both groups (73.9% Vs 74.1%; p=0.24).
Marked improvement in TR grade with tricuspid valve repair was noted and improvement was persistent at 2
years of support, but readmission due to right heart failure was unaffected by TVP.

Pre-existing severe tricuspid regurgitation in end stage heart failure is often associated with post-operative right
heart failure. Patients who received concomitant tricuspid valve procedures had high risk background features
suggestive of underlying right heart failure (RHF). RHF is associated with congestive hepatopathy and impaired
synthesis of clotting factors and places them at high risk for bleeding and use of blood products. Although,
increased early morbidities were noted in the TVP group, there was no significant difference in the short-term
and long-term outcomes compared to those who did not receive TVP. Serial echocardiograms demonstrated
benefit of TVP in preventing the progression of TR up to 2 years on-device. Subgroup analysis showed 6
months survival benefit in patients with moderate degree of TR when treated with TVP compared to untreated
group (93.3% Vs 76%) and survival was comparable to patients with no significant TR (93.3% Vs 92.5%).
However, patients with at least moderate to severe TR treated with TVP demonstrated lower survival rate
compared to patients with moderate TR treated with TVP (82.1% Vs 93.3%). Severe TR is associated with
poor outcomes even with TVP.
This study demonstrated that TVP can be performed at the time of LVAD implantation without any increased
mortality risk. However, this is a retrospective single center experience with relatively less number of patients
in TVP group, which limits the statistical power. Further studies are required to understand clinical, lab and
echocardiographic variables that would help select patients who would benefit with tricuspid valve procedures
in this population. Prospective studies are warranted to verify the benefit of tricuspid valve repair or
replacement in patients undergoing LVAD.
Pathophysiology of tricuspid regurgitation in end stage heart failure is a complex mechanism. It is affected by
right ventricular architecture and geometry and presence of defibrillator lead, which may cause anatomic
distortion, leaflet tethering and destruction. Degree of tricuspid regurgitation often changes with loading
conditions. TVP as a means to improve clinical outcomes after LVAD implantation remains unsolved problem.
Presence of significant tricuspid regurgitation (≥ moderate) is associated with poor clinical outcomes and
survival. Future lies in the development of small durable right ventricular devices.
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Left ventricular assist devices (LVAD) have evolved over the past few decades and have become an acceptable
durable therapy for end stage heart failure patients. Despite the advances in technology, these devices present
with inherent risks of bleeding, stroke, thrombosis and infection. Bleeding remains a frequent post-operative
complication and is a major source of morbidity. Less intense anticoagulation was adapted targeting low
international normalized ratios (INR) by several centers to mitigate the bleeding risk in the past. Routine use of
post-operative bridging with parenteral anticoagulation was discouraged. Three major LVAD centers reported
higher incidence of pump thrombosis in Heart Mate II LVAD patients starting in 2011. There is growing focus
on post-operative anticoagulation following LVAD implantation since emergence of these reports. Although
International Society for Heart and Lung Transplantation has provided recommendations for perioperative
anticoagulation in patients with continuous flow devices, these recommendations are based on limited evidence.
The group from Cleveland Clinic presented their experience of anticoagulation bridging strategies before
implementing oral anticoagulation in patients who had undergone LVAD implantation and evaluated the
efficacy and morbidity of these strategies. This was a non-interventional, retrospective, matched historical
control cohort study. Historical cohorts were selected based on the post-operative anticoagulation strategy
followed and three cohorts were derived; bivalirudin cohort (5-2012 to 12-2012, n = 35), no bridging cohort
(2009 to 2012, n = 63) and heparin cohort (2-2013 to 12-2013, n = 41). Patients were followed from LVAD
implantation to post-operative day 30 or discharge, whichever occurred first. Primary objective of the study was
to compare the incidence of thrombotic complications defined as stroke or transient ischemic attack (TIA),
venous thromboembolism (VTE), or device thrombosis. Secondary objectives included incidence of bleeding,
average dose used and cost per patient bridged.
Analysis of baseline characteristics is notable for differences in device type and median INTERMACS score
between cohorts. The heparin cohort (HC) included higher percentage of Heartware devices compared to the
bivalirudin cohort (BC) and no bridging cohort (NBC) (31.7% Vs 5.7% Vs 6.4%; p = 0.001). The heparin group
had significantly lower thrombotic complications compared to bivalirudin or no bridging cohorts (4.9% vs 20%
Vs 27%; p = 0.017). The lower rate in heparin cohort is due to a reduction in the rate of deep venous
thrombosis. There was statistically non-significant lower rate of bleeding is noted in the no bridging cohort
(39% in HC vs 28.6% in BC vs 20.6% in NBC; p = 0.127). There was no significant difference between the
cohorts with regards to percentage of patients with either thrombotic or bleeding events (43.9% in heparin
cohort vs 40% in bivalirudin cohort vs 41.3% in no bridging cohort; p = 0.718). Total cost of bivalirudin
bridging was $216,648 and heparin was $6,246. Average cost per patient was about $6,200 in bivalirudin group
and about $150 in heparin group. Mean days to start oral anticoagulation with warfarin (2 in HC Vs 2 in BC Vs
6 in NBC; p < 0.001) and median days to therapeutic INR (10 days in HC Vs 8.5 in BC Vs 12.5 in NBC; p <
0.001) were significant between the cohorts.
Heparin was found to have lower thrombotic complications in this study dominated by lower incidence of
DVTs, but may be associated with increased rates of bleeding. Bivalirudin demonstrated lower rate of bleeding
compared to heparin, but did not reduce the rate of thrombotic complications. Given the reports of upsurge in
pump thrombosis, it is unlikely that any center will adopt a no bridging strategy at this time. Bivalirudin is
significantly expensive as compared to heparin with no substantial benefit. While heparin use was associated
with an increased rate of bleeding, bleeding events were not life-threatening.
The authors concluded that heparin was the most effective bridging anticoagulant following LVAD
implantation both from a pharmacologic and cost perspective. This study is limited in that it is retrospective;
and therefore relies on the accuracy of the medical record documentation.
Multiple assumptions were made based on written in-patient notes. Cohorts were derived from different time
periods and there were changes in the design of the pumps during these times. There were several differences in
the clinical management between cohorts. Also, intensity of anticoagulation could not be standardized due to
the retrospective nature of the study. The study is also not adequately powered to detect differences in the

outcomes between heparin and bivalirudin. Prospective randomized controlled trials are warranted to address
the issue of effective bridging anticoagulant following LVAD implantation.
References:
Unexpected abrupt increase in left ventricular assist device thrombosis. Starling RC, Moazami N, Silvestry
SC, et al. N Engl J Med 2014;370:33-40.
An analysis of pump thrombus events in patients in the HeartWare ADVANCE bridge to transplant and
continued access protocol trial. Najjar SS, Slaughter MS, Pagani FD, et al. J Heart Lung Transplant
2014;33:23-34.
Design changes in continuous-flow left ventricular assist devices and life-threatening pump malfunctions.
Sajjad S, Kaufmann F, Vierecke J, et al. European Journal of Cardio-Thoracic Surgery 47 (2015) 984–989.
OTHER ARTICLES:
Journal of Thoracic and Cardiovascular Surgery
Outcomes of contemporary mechanical circulatory support device configurations in patients with severe
biventricular failure. Levin AP, Jaramillo N, Garan AR, Takeda K, Takayama H, Yuzefpolskaya M, Mancini
DM, Naka Y, Colombo PC and Topkara VK. J Thorac Cardiovasc Surg 2016;151:530-5
http://dx.doi.org/10.1016/j.jtcvs.2015.10.019
Journal of Cardiac Failure
Pulmonary Artery Pulsatility Index Is Associated With Right Ventricular Failure After Left Ventricular
Assist Device Surgery. Morine KJ, Kiernan MS, Thinhpham D, Paruchuri V, Denofrio D and Kapur N. J
Cardiac Fail 2016;22:110–116
http://dx.doi.org/10.1016/j.cardfail.2015.10.019

ASAIO Journal:
Incidence of Hemolysis in Patients with Cardiogenic Shock Treated with Impella Percutaneous Left Ventricular
Assist Device. Badiye, AP, Hernandez, GA, Novoa, I and Chaparro, SV. ASAIO Journal 2016; 62(1): 11–14.
doi: 10.1097/MAT.0000000000000290
Accuracy of the HVAD Pump Flow Estimation Algorithm. Reyes, C, Voskoboynikov, N, Chorpenning, K,
LaRose, JA, Brown, MC, Nunez, NJ, Burkhoff, D and Tamez, D. ASAIO Journal 2016; 62 (1): 15-19. doi:
10.1097/MAT.0000000000000295
Clinical Outcomes of Advanced Heart Failure Patients with Cardiogenic Shock Treated with Temporary
Circulatory Support Before Durable LVAD Implant. Shah, P, Smith, S, Haft, JW, Desai, SS, Burton, NA,
Romano, MA, Aaronson, KD, Pagani, FD and Cowger, JA. ASAIO Journal 2016; 62 (1): 20-27. doi:
10.1097/MAT.0000000000000309
Assessing Anticoagulation Practice Patterns in Patients on Durable Mechanical Circulatory Support
Devices: An International Survey. Jennings DL, Horn ET, Lyster H, Panos AL, Teuteberg JJ, Lehmkuhl HB,
Perez A, Shullo MA. ASAIO Journal 2016; 62 (1): 28-32. doi: 10.1097/MAT.0000000000000274

Incidence, Management, and Outcome of Suspected Continuous-Flow Left Ventricular Assist Device
Thrombosis Upshaw JN, Kiernan MS, Morine KJ, Kapur NK and DeNofrio D. ASAIO Journal 2016; 62 (1):
33-39. doi: 10.1097/MAT.0000000000000294
Early Implementation of Video Capsule Enteroscopy in Patients with Left Ventricular Assist Devices and
Obscure Gastrointestinal Bleeding. Truss WD, Weber F, Pamboukian SV, Tripathi A, Peter S. ASAIO
Journal 2016; 62 (1): 40-45. doi: 10.1097/MAT.0000000000000303
Acoustic Characterization of Axial Flow Left Ventricular Assist Device Operation In Vitro and In Vivo.
Yost GL, Royston TJ, Bhat G and Tatooles AJ,
ASAIO Journal 2016; 62 (1): 46-55. doi: 10.1097/MAT.0000000000000307
Renal Function Recovery with Total Artificial Heart Support. Quader MA, Goodreau AM, Shah KB,
Katlaps G, Cooke R, Smallfield MC, Tchoukina IF, Wolfe LG and Kasirajan V. ASAIO Journal 2016; 62 (1):
87-91. doi: 10.1097/MAT.0000000000000288

Circulation Heart Failure
European Journal of Heart Failure
Journal American College of Cardiology
No Relevant articles are found

