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Major Komplikasyonlar ve Hemgirelik Bakimi
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ABSTRACT Heart failure is an important public health problem as-
sociated with morbidity, mortality and health expenditures and there
are various options in its treatment. Left ventricular assist devices are
a frequently used treatment alternative to heart transplantation in end-
stage heart failure. Left ventricular assist devices are used both as a
temporary treatment until a suitable donor is found in patients who are
waiting for a heart transplant, and as a lifelong treatment when the
patient is not suitable for a heart transplant. Although the survival
rates are quite high in this treatment option, clinical follow-up and
systematic care of patients are critical. Although left ventricular assist
devices are a life-saving treatment option, these patients may experi-
ence some major complications due to advanced heart failure, open
heart surgery technique and implanted device. Major complications
seen in these patients are bleeding, cardiac arrhythmias, infections
and neurological events. These complications affect quality of life
and survival. Therefore, management of complications in the postop-
erative period becomes the focal point in patients who have implanted
left ventricular assist device. Although these complications are not
easy to manage, nurses should be equipped with advanced knowledge
about the causes, symptoms, and appropriate nursing care of these
complications. At the same time, nurses need to know about the tech-
nology of left ventricular assist devices for the management of these
complications. In this article, major complications seen after left ven-
tricular assist device implantation and nursing care are discussed.
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OZET Kalp yetersizligi morbidite, mortalite ve saghk harcamalari ile
iliskili 6nemli bir halk sagligi sorunu olup tedavisinde gesitli segenekler
bulunmaktadir. Sol ventrikiil destek cihazlari son evre kalp yetersizli-
ginde kalp nakline alternatif sik kullanilan bir tedavi segenegidir. Sol ven-
trikiil destek cihazlar1 hem kalp nakli bekleyen hastalarda uygun dondr
bulununcaya kadar gegici bir tedavi olarak hem de hastanin kalp nakli
i¢in uygun olmadigi durumlarda 6miir boyu siirecek bir tedavi olarak kul-
lanilmaktadir. Bu tedavi seceneginde sag kalim oranlari oldukga yiiksek
olmakla birlikte hastalarin klinik takip ve sistematik bakimlart kritik
6nem tagimaktadir. Sol ventrikiil destek cihazlari hayat kurtaric bir tedavi
segenegi olmakla birlikte bu hastalar ileri evre kalp yetersizligi, acik kalp
cerrahisi teknigi ve implante edilen cihaz nedeniyle major komplikas-
yonlar yagayabilirler. Bu hastalarda goriilen major komplikasyonlar ka-
namalar, kardiyak aritmiler, enfeksiyonlar ve norolojik olaylardir. Bu
komplikasyonlar yasam kalitesini ve sag kalimi etkilemektedir. Bu se-
beple sol ventrikiil destek cihazi implante edilen hastalarda, ameliyat son-
rast donemde komplikasyonlarin yonetimi odak nokta haline gelmektedir.
Bu komplikasyonlarm yonetimi kolay olmamakla birlikte hemsireler bu
komplikasyonlarin nedenleri, belirtileri ve uygun hemsirelik bakimi hak-
kinda ileri diizeyde bilgi ile donatilmalidir. Ayn1 zamanda bu komplikas-
yonlarin yonetimi i¢in hemsirelerin sol ventrikiil destek cihazlarinin
teknolojisi hakkinda da bilgi sahibi olmas1 gerekmektedir. Bu makalede
sol ventrikiil destek cihazi implantasyonundan sonra goriilen major
komplikasyonlar ve hemsirelik bakimi ele alinmaktadir.

Anahtar Kelimeler: Kalp destek cihazlari; hemsirelik bakimi;
postoperatif komplikasyonlar

Heart failure is a major public health problem
affecting more than 26 million individuals worldwide
and more than 2.5 million individuals in Turkey. Var-
ious medical and surgical treatment methods are used
in the treatment of heart failure.'> Heart transplanta-
tion is used as the gold standard for the treatment of
patients at the final stage of heart failure. However,
this treatment cannot be implemented for many pa-

tients because of the insufficient number of donor
hearts.> For this reason, implantation of Left Ven-
tricular Assist Devices (LVADs) has overtaken heart
transplantation in the treatment of end-stage heart
failure and become an increasingly used treatment
option.>%® According to the report of The Intera-
gency Registry for Mechanically Assisted Circula-
tory Support (2015), there are more than 13.000
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patients with left ventricular assist devices.” In
Turkey, according to the Cardiology-Cardiovascular
Consensus Report (2016), about 550 mechanical as-
sist devices are implanted and the majority of them
are left ventricular assist devices.! LVADs are used
for various purposes such as healing (bridge to re-
covery), bridge to transplantation and lifetime (desti-
nation) therapy.*!""'> As well as being used until an
appropriate heart for transplantation can be found,
LVADs have become an important option for patients
with end-stage heart failure.

Although LVADs are a life-saving treatment op-
tion, they also entail dramatic lifestyle changes, a re-
quirement for effective discharge training and a high
rate of complications.'>!*!7 In recent years, a new
generation of continuous flow devices have replaced
the older pulsatile flow devices, which significantly
reduced the incidence of complications.!!¢!%1° How-
ever, since the rate of more LVAD implantations has
increased, complications still constitute an important
problem.&11:16.20

According to the report of The Interagency Reg-
istry for Mechanically Assisted Circulatory Support
(2015), which was founded to collect information
about mechanical support devices, the most common
complications after LVAD implantation are haemor-
rhages, cardiac arrhythmia, infections and strokes
(Table 1).°

The nursing care for patients with LVADs should
focus on the postoperative prevention and manage-
ment of complications.'>?"?? This article describes
most common complications of LVAD patients and
their nursing care.

I HAEMORRHAGES

Haemorrhage is the most common postoperative
complication observed among the LVAD pa-
tients.>'®> Haemorrhages are described by their
causes and the organ in which they originate, as fol-
lows:

HAEMORRHAGES DUE TO COAGULATION DISORDER

As with other open heart surgery patients, it is im-
portant to distinguish between haemorrhages due to
coagulation disorder and haemorrhages due to
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TABLE 1: Complications and adverse events seen after
LVAD implantation.

Bleeding

Cardiac/vascular problems
Cardiac arrhythmia
Right heart failure
Myocardial infarction
Pericardial drainage
Hypertension
Arterial non-CNS thrombosis
Venous thrombotic event
Haemolysis

Infection

Stroke

Renal dysfunction

Hepatic dysfunction

Respiratory failure

Wound dehiscence

Psychiatric episode

surgery.”! In order to recognize haemorrhages due to
coagulation disorder, monitor coagulation tests such
as prothrombin time, partial thromboplastin time,
platelet count, fibrinogen levels and dose of recom-
binant activated factor VII should be monitored.*!-**
The causes of haemorrhage due to coagulation in-
clude factors such as anticoagulant for thrombosis
prophylaxis, anti-platelet and anti-aggregant drug
use, consumption of foods and herbal products that
can alter clotting and platelet functions, previous his-
tory of haemorrhage, and hypothermia.'’:'>?* In the
preoperative period, patients with heart failure are
usually prone to bleeding due to hepatic dysfunction
caused by renal failure and hepatic congestion. '3
The signs and symptoms of haemorrhage due to co-
agulation disorder are: more than 200 ml of drainage
per hour from chest tubes, hypotension, tachycardia,
tachypnea, decreasing urine output, changes in men-
tal state, sweating, longer capillary backfill times, re-
duced LVAD flow, hepatomegaly, jugular venous
distension and petechiae.!’'>!1> The treatment of these
haemorrhages aims to reverse anticoagulation; and
patients receive blood product transfusions accord-
ing to coagulation test results.*!"*! Bruckner et al. rec-
ommended coagulation factor VII is also as a
treatment option since it shortens prothrombin time
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and activates partial thromboplastin time, reducing
the need for blood transfusions.**

SURGICAL BLEEDING

Surgical bleeding is seen in 31% of the patients with
LVADs, which provide continuous flow, most com-
monly on the first day.?** The causes of surgical
bleeding are prolonged duration of surgery carried
out with cardiopulmonary bypass technique, common
surgical dissection, failure to perform appropriate
anastomoses, formation of driveline tunnels and
preperitoneal pockets after heparinisation, unneces-
sary abdominal interventions, and hypertension.!>2!->2
Instead of traditional mechanical haemostatic meth-
ods, fibrin adhesives should be used along the suture
lines to prevent haemorrhages due to surgery.”** Al-
though the signs and symptoms (hypotension, tachy-
cardia, tachypnea, decreased urine output, changes in
mental status and low flow rates on LVAD monitor)
of the haemorrhages due to surgery are similar to
those of the haemorrhages due to coagulation disor-
der, sudden and intense bleeding from the drainage
tubes and drainage output of 200 mL per hour mostly
indicates surgical bleeding.*!"'#!° The treatment op-
tions for surgical bleeding include another surgery for
areview of anastomoses and restoration of haemosta-
sis, blood product transfusions and leaving the ster-
num open for 24 hours using appropriate techniques,
which is a method used for ongoing intraoperative

hemorrhage.!'>2!:26-28

GASTROINTESTINAL HAEMORRHAGES
Another type of haemorrhage observed after LVAD

implantation is gastrointestinal hemorrhage.'>?!-2328
Gastrointestinal haemorrhage is seen in 20% of the
patients with LVADs, most commonly on the 33th
day.** It is an important cause of rehospitalisation in
the first month after implantation and significantly
increases the morbidity and mortality rates.'>*%*! The
risk factors of gastrointestinal haemorrhage include
advanced age, male gender, history of gastrointestinal
haemorrhage; gastrointestinal erosions or ulceration,
the use of antithrombotics, anticoagulants, an-
tiplatelets and herbal and non-steroid anti-inflamma-
tory drugs, right ventricular dysfunction, an ejection
fraction of less than 30% after LVAD implanta-
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tion.!>333 The factors related to LVADs are also im-
portant for gastrointestinal haemorrhage. Those are;

B Von Willebrand syndrome, which may de-
velop due to increased tension of rotating impellers
and reduced pulsatility in patients with LVADs that

provide continuous flow.!?3433

B Arteriovenous malformations in the gastroin-
testinal tract in patients with LVADs that provide con-
tinuous flow.**-3¢

B Hypoperfusion caused by continuous blood
flow in the intestines, which causes hypoxia, vascu-
lar dilatation and angiodysplasia.'>!

Gastrointestinal haemorrhage in LVAD patients
shows similar symptoms to those of other patients:
hematemesis, melena, faecal occult blood, rectal
bleeding, weakness, fatigue, dizziness, fainting, and
decreased haemoglobin, haematocrit, platelet, blood
urea nitrogen and active bleeding at the time of en-
doscopy or colonoscopy.***¢ The treatment options
for patients with gastrointestinal haemorrhages in-
clude fresh frozen plasma, antiplatelet therapy, re-
versing anticoagulation with inactive prothrombin
complex and vitamin K, treating hypovolemia with
liquids, and blood product transfusions. Additional
drugs such as somatostatin (Octreotid), somatostatin
analogue or desmopressin acetate (Minirin) can also
be used for treatment.'>?!7-* In addition, endoscopic
treatment methods can be used to identify the source
of haemorrhage and stop it.3%3!40

It is important to plan the nursing care for all
these haemorrhage complications. These patients
generally have at least two chest drains, and the
amount of drainage should be monitored every hour
for signs of bleeding.?? Hypertension can exacerbate
or precipitate mediastinal bleeding and can occa-
sionally cause dehiscence of arterial suture lines.
Since hypertension may be associated with pain, it
must be evaluated and managed using sedatives, anal-
gesics or both.®?? Patients with LVAD implantations
experience hypothermia due to the surgical technique
and cold operating rooms. Since sudden temperature
increases will cause vascular dilatation, patients with
hypothermia should be warmed slowly using appro-
priate heating techniques.?” For the same reason, it is
important to ensure that blood products and intra-
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venous fluids are administered at the appropriate tem-
perature.'>*! Excessive blood transfusion may lead to
infections, right heart distension caused by cytokine
release and increased costs.!’?!#! Tt may also cause
pulmonary hypertension, which may lead to right

15,41,42

heart failure. This may elevate the patient’s an-

tibodies and prevent a heart transplantation.'>*?

Pumping speed, flow, power and pulsatility
index values should be followed on the LVAD mon-
itor since they may decrease due to hemorrhage.'>*
The blood and pulse pressure of the patients im-
planted with LVADs that provide pulsatile flow were
similar to those of the other patients because of the
pulsatility. However, these values were different in
the patients implanted with LVADs that provide con-
tinuous flow due to the absence of pulsatile flow.*?
The signs and symptoms of haemorrhages should be
monitored considering these differences to ensure
correct nursing care. Patients with LVADs that pro-
vide continuous flow show no arterial waveform be-
cause of the absence of pulsatile flow; therefore,
among the blood pressure values, their mean arterial
pressure is monitored and measured through invasive
methods or Doppler ultrasonography. 222384446 For
these patients, a mean arterial pressure of 70 mmHg
to 80 mmHg or equal to 80 mmHg are considered to
be normal, which fall in the presence of hemor-
rhage.'?3%4247 Patients with LVADs that provide con-
tinuous flow have lower pulse pressures than 15
mmHg. Therefore, their peripheral pulses are weak
and not palpable.'?* Peripheral pulses are measured
using Doppler ultrasonography on the temporal,
carotid, brachial, radial, femoral, popliteal, dorsalis
pedis, posterior and tibial arteries.'>***” Blood and
pulse pressure reduce in the presence of haemor-
rhage. Knowledge about the normal values and the
ability to make accurate measurements are important
elements in effective nursing care.

I CARDIAC ARRHYTHMIAS

Cardiac arrhythmia is a commonly seen complication
(56-59%) in patients with LVAD implantations.®!>2°
Of the cardiac arrhythmia types, 20% are atrial and
30% are ventricular arrhythmias.* Although ventric-
ular arrhythmias are more common, atrial arrhyth-
mias are also commonly observed within the first 60
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days after LVAD implantation due to myocardial in-
flammatory response.*’* The causes of arrhythmias
in LVAD patients are mechanical trauma caused by
the LVAD entrance cannula in addition to the pres-
ence of heart failure, complete decompression of the
ventricle of the LVADs with continuous flow, elec-
trolyte imbalances, and drugs.?>*>' The symptoms of
atrial arrhythmia include reduced activity tolerance,
increased fatigue, fluid retention and increased dysp-
noea. On the other hand, arrhythmias may enhance
the risk of stroke and pump thrombosis. On the other
hand, the symptoms of ventricular arrhythmias in-
clude dizziness, presyncope, syncope, intermittent
flutter and sudden cardiac death.****’ In both ven-
tricular and atrial arrhythmias, decreases in parame-
ters especially pulsatility index and flow may be
observed on the LVAD monitor.'**-752 Beta block-
ers and, if they are not effective, amiodarone (Cor-
darone) are used to treat atrial arrhythmia.
Amiodarone (Cordarone), lidocaine and dofetilide
(Tikosyn) are preferred for the treatment of ventricu-
lar arrhythmia.*!>33>3 Since atrial and ventricular ar-
rhythmias can cause thromboembolism, it is very
important to use anticoagulation in addition to the
treatment.**°%3* Most of these patients had cardiac ar-
rhythmia due to heart failure before the LVAD im-
plantation and have an implanted cardioverter
defibrillators (ICD).'>>* The ICD, which is deacti-
vated during the intraoperative period, is activated
after the LVAD implantation, before the patients are
discharged from the intensive care unit and is used to
treat cardiac arrhythmias.®!2233

Cardiac arrhythmias in LVAD patients can cause
mortality, which makes timely intervention impor-
tant.'? Their 12-lead electrocardiography should be
carefully monitored.’”*%51:3 In the presence of ar-
rhythmias caused by imbalanced potassium and
magnesium, the missing electrolytes must be re-
placed.?>3*3 At the same time, it is necessary to de-
termine whether there is an ICD and to make a risk
assessment for arrhythmias before surgery, since
these are widely used in these patients.’>***® In the
presence of an ICD, it is important to eliminate anx-
iety that may be caused by shock, which on the other
hand may be caused by ventricular tachycardia at-
tacks due to an increased release of catecholamines.'”
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I INFECTIONS

Infections are one of the most important complica-
tions that affect the success and long-term use of
LVAD implantations and are the second leading cause
of death.*¢¢ Infections usually occur three months
after implantation and may require the patient to be
rehospitalized.'>?># The incidence of LVAD-related
infections ranges from 30% to 50%.” The most com-
mon type of infection, sepsis, is seen approximately
in 18% and another common type of infection, driv-
eline infection, is seen in 17%.%°

SEPSIS

Patients with LVADs have a high possibility of blood
circulation infection and subsequent sepsis during the
perioperative period.”'>* The causes of blood circu-
lation infection and subsequent sepsis are large body
mass index, malnutrition, diabetes, metabolic abnor-
malies, long-term hospitalization, major surgery and
the implantation of foreign objects into the
body.!"17:2260 The symptoms of sepsis are fever and
leucocytosis. In serious cases, sepsis can cause septic
shock and haemorrhagic stroke.!"'? The evaluation of
blood pressures and fluid management is more diffi-
cult in LVAD patients than in other sepsis patients.
The treatment of sepsis includes broad spectrum an-
tibiotic treatment initiated by swab cultures from the
blood and driveline output region, correction of hy-
povolemia, hypotension and vasodilatation, oxygen
therapy, corticosteroids, immunoglobulins, sele-
nium, glucose control, bicarbonate therapy, deep
vein thrombosis prophylaxis, stress ulcer prophy-
laxis, nutrition, and surgical interventions such as
LVAD replacement used in the management of

medicine-resistant infections.!>!33%

Nursing care for sepsis in LVAD patients in-
cludes monitoring the signs and symptoms of sepsis.
In addition to this, all invasive procedures should be
performed in accordance with aseptic techniques. In-
vasive catheters, intubation tubes and drains should
be removed as soon as possible. Early mobilization,
proper nutrition (enteral and parenteral) and deep
breathing and coughing exercises using spirometry
should be ensured and blood sugar level should be
Checked.22’33’38‘61

134

DRIVELINE INFECTIONS

Driveline infections are commonly seen late-onset in-
fections in LVAD patients.'"%>%3 The risk factors for
driveline infections are long-term LVAD use, obesity,
insufficient nutrition, advanced age, comorbidities
such as diabetes mellitus, chronic kidney disease and
depression, lack of patient education, improper
wound care, trauma, inappropriately tunnelled drive-
lines, the presence of drain tubes, and contamination
during the intraoperative or perioperative peri-
OdS.”’57’64

It has been determined that Staphylococcus au-
reus is the most common cause of driveline infec-
tions.®* Driveline infections are classified as
superficial and deep.®® The symptoms of superficial
infections include the signs of local infection such as
erythema, pain, oedema, temperature, and purulent
discharge in the subcutaneous tissues surrounding the
device or at the cutaneous outlet. The symptoms of
deep infections, on the other hand, include the signs
of systemic infection such as fever and leucocytosis,
which can cause bloodstream infections. '!1557-66:67 Tn-
creasing the frequency of dressing changes, antibi-
otic therapy, local debridement and clinical controls
are recommended for the treatment of superficial
driveline infections.®¢¢¢7 Opening the driveline tun-
nel and draining the infection, vacuum-assisted seal-
ing, removing the infected tissue along the driveline,
formation of new tissue with rectus muscle, and for
long-term infections where these procedures com-
pletely fail, providing a new percutaneous exit by
moving the driveline to the intraperitoneal space are
recommended for the treatment of deep infections.**¢’

The nursing care for driveline infections in
LVAD patients requires a focus on nutrition, drive-
line dressing and patient education.”’*! Enteral or par-
enteral nutrition should be started in the early
postoperative period after identifying the causes of
malnutrition, which adversely affect wound heal-
ing.!>%! The driveline exit side should be cleaned
using 1-2% chlorhexidine gluconate, hydrogen per-
oxide, povidone-iodine or the company’s recom-
mended antiseptics, and then it should be rinsed using
0.9% sodium chloride and sealed with sterile gauze
after the wound has dried.'*"¢¢¢ Recently, the driv-
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eline outlet region is commonly closed with a sterile
gauze; and foam dressings and dressings with mer-
bromin have been proven to reduce the risk of drive-
line infections.®>® If possible, dressing changes
should be started within 24 to 48 hours after the op-
eration.”’ Studies have shown no relationship be-
tween the frequency of dressing changes and
driveline infections, and it is recommended that driv-
eline dressings be performed by specially trained
nurses every day for the first 10 days, 3 times a week
from the 11" to the 21 day, and then twice a week.”"-
72 Patients and their families should be educated about
dressing changes and should be informed about the
necessary materials before discharge. Patients should
be informed about the signs and symptoms of drive-
line infections and told to visit the hospital if they sus-
pect a problem.”

I NEUROLOGICAL EVENTS

Patients with LVAD implantations are at risk of
stroke. Determining the type of stroke is important
for the treatment, and the ischemic and haemorrhagic
strokes are distinguished through computed tomog-
raphy.'>?!% The ratio of ischemic stroke is 7.5%, and
the ratio of haemorrhagic stroke is 7.8% in these pa-
tients.” The causes of ischemic stroke include dia-
betes, hypotension, low pump flow, development of
heparin induced thrombocytopenia, previous stroke,
pump thrombosis and thromboembolic events related
to the prothrombotic state associated with sub-thera-
peutic anticoagulation or activation of the immune
system. The causes of haemorrhagic stroke include
ischemic stroke, high dose anticoagulation, an-
tiplatelet therapy, infection and hypertensive condi-
tions with a mean arterial pressure above 90
mmHg.5121333424574 Both types of stroke impair
motor, sensory and cognitive functions.?>*>7 Intra-
arterial embolectomy is used to treat ischemic strokes
caused by large vessel occlusions that have no infarct
area seen in computed tomography.*>’*"" To treat
haemorrhagic strokes, anticoagulation should be re-
duced or reversed in order to limit continued bleed-
ing. Patients’ international normalized ratio (INR)
should be kept between 1.5 and 2.5, which requires
intravenous administration of vitamin K or frozen
plasma.'>!32! Another point to be considered in the
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treatment of haemorrhagic strokes is to resume the
anticoagulant and anti-platelet therapy within two
weeks after the findings are stable in order to prevent
pump thrombosis.”®

Nursing care for ischemic and haemorrhagic
stroke complications in LVAD patients includes mon-
itoring coagulation and blood pressure, and conduct-
ing neurological evaluations using the Glasgow
Coma Scale.'>?!" For this purpose, all LVAD patients
should initially be evaluated for neurological symp-
toms, and this evaluation should be repeated at regu-
lar intervals. Any changes in the motor, sensory and
cognitive functions should be detected as soon as pos-
sible. Patients and their relatives should also be in-
formed about the signs and symptoms of neurological
changes, and the situations they need to report their
physician or nurse.?>

I CONCLUSION

The number of LVAD patients continues to increase
every day; however, the long-term use of such de-
vices also entails various complications. Postopera-
tive complications are closely correlated with quality
of life and survival, which makes it very important to
manage them correctly. Nurses play a critical role in
the detection, treatment and management of these
complications. Therefore, they need physiological
knowledge and ability of critical thinking. The in-
creased number of LVAD implantations has led to an
increasing possibility that healthcare workers with no
education or experience on LVADs encounter patients
with LVAD implantations. In such cases, under-
standing and managing LVAD patients becomes an
important issue. This review aims to decrease LVAD
patient complications and increase patients’ quality
of life and survival by ensuring information sharing
among the healthcare professionals who have no
training and experience, clinical nurses and re-
searchers.
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