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Abstract

As solid organ transplantation increases and patient survival improves, it will become
more common for these patients to present for nontransplant surgery. Recipients may
present with medical problems unique to the transplant, and important considerations
are necessary to keep the transplanted organ functioning. A comprehensive preoperative
examination with specific focus on graft functioning is required. The anesthesiologist
needs to pay close attention to considerations of immunosuppressive regimens, blood
product administration, drug interactions as well as the risk and benefits of invasive
monitoring in these immunosuppressed patients. This article reviews the post-transplant
physiology and anesthetic considerations for patients after solid organ transplantation.

Keywords: anesthesia methods, intraoperative monitoring, organ transplantation
physiology, perioperative care, solid organ transplantation

1. Introduction

The number of solid organ transplants performed worldwide is ever increasing. The improved
survival rates are the result of well-established surgical techniques and effective immunosup-
pressive therapy. All this has led to an increase in number of patients who present for either
elective or emergency non-transplant surgery [1, 2]. Laparotomy for small bowel obstruc-
tion, hip arthroplasty given the increased risk of fracture and avascular necrosis as a result
of chronic steroid use causing bone demineralization and osteoporosis, lymph node excision
and biopsy because of increased risk of lymphoproliferative disease, native nephrectomy in
kidney transplant recipients, bronchoscopy in lung recipients, biliary tract interventions in
liver recipients, and abscess drainage because of increased risk of infection are just a few of

© 2018 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of the Creative
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the increased surgical needs in this population. These patients cannot always return to the
transplant facility for surgery, so it is incumbent on all anesthesiologists to review periopera-
tive issues associated with transplantation.

Perioperative anesthetic management in majority of recipients is similar to the standard prac-
tice for any patient. However, we must bear in mind some essential considerations: problems
of allograft denervation, the adverse effects of immunosuppression and its interaction with
anesthetic drugs, the risk of infection, and the potential for organ rejection. When transplant
recipients require nontransplant surgery, immune competence can be altered from the stress
of surgery, acute illness, or disruption of the regimen by inexperienced providers [3].

Preoperative assessment of any transplant recipient undergoing non-cardiac surgery should
focus on graft function and rejection, risks of infection, and function of other organs, particu-
larly those that may be compromised due to either immunosuppressive therapy or dysfunc-
tion of the transplanted organ itself and drug interactions. There is no ideal anesthetic for use
in organ transplant recipients. However, certain principles can be applied to all transplant
patients who undergo anesthesia and surgery [4].

In this chapter, we will give an overview of immunosuppressive therapy and its interaction
with anesthetic drugs as well as considerations regarding specific transplanted organs (heart,
lungs, liver, kidney, pancreas, and intestine).

2. Immunosuppression

2.1. Immunosuppression protocol

Transplant patients are always under various regimens of immunosuppressive therapy
(Table 1). Immunosuppression trends for solid organ transplantation have undergone a
perceptible shift over the past decade. There are broad therapeutic patterns and numerous
immunosuppressive protocols depending on transplanted organ, as well as the regional
differences (country, hospital). However, some strategies are similar. We distinguish
induction immunosuppressive therapy and maintenance of immunosuppressive therapy.
Induction of immunosuppression begins immediately before the organ implantation.
Antibodies are prescribed for the majority of kidney, pancreas, and intestine recipients
and for just under half of thoracic organ recipients. It is extremely uncommon in liver
transplantation [5]. Maintenance of immunosuppression involves one of the drugs from
each group: calcineurin inhibitors (CNI), antimetabolites, and steroids.

The immunosuppressant strategy has been changing over the years. CNIs are still being used
for the maintenance of immunosuppressive therapy, though shifting from cyclosporine to
tacrolimus is being observed [6]. Modifications are also made among antimetabolites, from
azathioprine to mycophenolate mofetil, and it is more common to decrease corticosteroid use
or even implement steroid-free protocol in suitable transplant recipients [7, 8].

Most of the commonly used immunosuppressants have a narrow therapeutic index and display
significant variability in blood concentrations between individuals. In transplant recipients,
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General names Generic names Brand names

Calcineurin inhibitors Tacrolimus (or FK-506) Prograf

Cyclosporine (or cyclosporine A) ~ Sandimmune, Neoral, Gengraf, Eon,
SangCya, generic cyclosporine

Polyclonal antibodies Antithymocyte globulin (rabbit) Thymoglobulin
Antithymocyte globulin (equine) ~ ATGAM
NRATG, NRATS, ALG

Anti-CD52 monoclonal Alemtuzumab Campath
antibodies

TOR inhibitors (or rapamycin) Sirolimus Rapamune

Table 1. Most commonly used immunosuppressive drugs.

both supratherapeutic and subtherapeutic drug concentrations can have devastating results.
Subtherapeutic levels increase the risk of transplant rejection, and supratherapeutic levels
(overimmunosuppression) can lead to infection and/or drug-specific side effects. Importantly,
the incidence of acute rejection has declined over the past decade. Treatments for acute rejec-
tion continue to include high-dose corticosteroid and antibody therapies [9].

2.2. Side effects and drug interactions

Chronic immunosuppressive therapy has its adverse effects such as lowered seizure thresh-
old, diabetes, hypertension, hyperlipoproteinemia, decreased glomerular filtration, hyperka-
lemia, hypomagnesemia, increased risk of infection and tumors, pancytopenia, osteoporosis,
and poor wound healing. This may have some impact on perioperative management and
choice of anesthetic agents (Table 2) [10].

The blood level of both cyclosporine and tacrolimus must be kept within the indicated thera-
peutic range to get the desired effect. The perioperative fluctuation of the plasma level of these
two drugs should be strictly monitored. There is a significant reduction of drug blood level by
dilution with volume infusion or cardiopulmonary bypass in cardiac surgery [11]. Both these
drugs are metabolized by cytochrome P-450 system of liver, and therefore many of the drugs
administered perioperatively can affect their plasma levels [12, 13]. A better understanding of

231
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ATG = anti-thymocyte globulin; Aza = azathioprine; CyA = cyclosporine A; MMF = mycophenolate mofetil;
OKT3 = monoclonal antibodies directed against CD-3 antigen on the surface of human T-lymphocytes; Ster = steroids;
and Tac = tacrolimus.

Table 2. Side effects of immunosuppressive that have direct impact on anesthetic and perioperative management [1].

pharmacokinetics over the years, allows now days a reduction of immunosuppressant dose
in elderly patients while maintaining the therapeutic level [14].

In the hospital settings, almost 3-5% of adverse drug reactions are due to drug-drug interac-
tions. It is estimated that the percentage is even higher in solid organ transplant recipients
dependent on immunosuppressive therapy. Reactions can be among two immunosuppres-
sants or between the immunosuppressant and other drugs [15]. Due to the fact that the admin-
istration of cyclosporine (CyA) and tacrolimus (Tac) is ever increasing, we give an overview of
their interaction with other drugs (Table 3).

During anesthesia, we provide a range of drugs from different groups, which increase the
possibility of drug interaction and thus potentially endanger the patient in the perioperative
period. One should keep in mind that many pharmacokinetic and pharmacodynamic interac-
tions can occur among the drugs that patients take after transplantation, due to cytochrome
P450 enzyme system induction or inhibition by another drug. There are few data concerning
interaction between immunosuppressive drugs and anesthetic agents. Most of the evidence is
based on clinical practice and occasional case reports or case studies. Large randomized con-
trolled trials involving either general or regional anesthesia are still lacking. Table 4 describes
the effect of various anesthetic agents on immunosuppressant and vice versa.

Data on the effects of general anesthesia on cyclosporine or tacrolimus pharmacokinetics in
humans are limited. Most of the inhalational anesthetic agents are well tolerated unless there
is a significant heart failure. However, caution is advised in concurrent administration of oral
cyclosporine and isoflurane anesthesia. Subtherapeutic blood levels have been reported in
patients who received peroral drug form less than 4 hours preoperatively. It is probably due
to a reduction in gastric emptying and absorption from the proximal small bowel, which can
occur during isoflurane anesthesia [16]. Steady-state blood levels of cyclosporine and cyclo-
sporine clearance are not altered by isoflurane/nitrous oxide anesthesia in animal model [17].
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Drug class Drug Effect on blood level

Adverse effect

Antibiotics Erythromycin, metronidazole, 1 CyA and Tac level
norfloxacin, levofloxacin

Antimalarial Chloroquine, mefloquine 1 CyA and Tac level

Anti-retroviral Ritonavir, atazanavir, darunavir, 1 CyA and Tac level
cobicistat, delaviridine

Statins Simvastatin, atorvastatin, lovastatin, 1 Statin concentration
pravastatin

Oral hypoglycemics Sulfonylurea, biguanides 1 CyA level

Analgesics Nonsteroidal anti-inflammatory drugs 1 CyA and Tac level

Renal dysfunction

Hormones Estrogen and testosterone preparation 1 CyA and Tac level

CyA = cyclosporine A; Tac = tacrolimus.

Table 3. Drugs that interact with cyclosporine A and tacrolimus.

Cyclosporine and tacrolimus increase blood level of benzodiazepines. Transplanted patients
need dose modification [12, 13]. Propofol infusion does not modify the cyclosporine concentra-
tion. It is considered to be a suitable agent for intravenous anesthesia in cyclosporine-treated
patients, provided a close postoperative monitoring of cyclosporine blood concentrations is
maintained [18]. Cyclosporine tends to increase the analgesic effect produced by fentanyl, but
the mechanism is unclear [19].

Most of relaxants can be used safely. Cyclosporine enhances the effects of muscle relax-
ants. Prolonged neuromuscular block in patients receiving cyclosporine after vecuronium
and pancuronium administration has been described [20, 21]. Atracurium and cisatracurium
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Anesthetic agent Effect with immunosuppressive drugs

Thiopental Nil

Propofol Nil

Opioids CyA 1 analgesic effect produced by fentanyl

Neostigmine Caution in heart transplant patients

Table 4. Effect of specific anesthetic agent on immunosuppressive drugs.

are preferred agents because their elimination is not affected by renal or hepatic function.
Therefore, patients receiving cyclosporine as immunosuppressive therapy may require a
smaller dose of nondepolarizing muscle relaxant and the recovery time may be prolonged
[22]. Neostigmine can lead to bradycardia and cardiac arrest in patients with heart transplan-
tation despite the concurrent use of an antimuscarinic agent [23]. Bupivacaine and ropiva-
caine can be safely used through regional routes without any side effects [24, 25].

3. Anesthesia and preoperative care

3.1. Preoperative assessment of transplant recipients

Many transplant recipients live relatively normal and productive lives, but often have lim-
ited physical reserves. A successful transplant abolishes the symptoms and replaces function
of the failed organ, but often there are persistent abnormalities from the underlying or pre-
existing illness that may have caused the organ failure or chronic physiologic abnormalities
resulting from the organ failure itself. The preoperative evaluation of transplant recipients
undergoing non-transplant surgery should include graft function, signs of rejection, presence
of infection, and function of other organs.

Allograft rejection may occur at any time during the post-transplant period, especially when
discontinuing the use of immunosuppressants. Chronic rejection is the most significant medi-
cal obstacle to long-term morbidity-free allograft survival. The incidence is thought to pro-
gressively increase with time after transplantation, but after a period of 5 years, it affects about
10% of liver to around 60% of lung allograft recipients [26]. Chronic organ rejection results in a
progressive deterioration of organ function (assessed trough laboratory tests) and is the main
cause of late mortality in the transplant recipients. Mortality rate is high if rejection remains
untreated before surgery [27]. Therefore, the presence of any degree of rejection should be
ruled out and urgently managed preoperatively with increased immunosuppression.



Anesthetic Considerations in Transplant Recipients for Nontransplant Surgery 235
http://dx.doi.org/10.5772/intechopen.74329

Immunosuppressed patients are at risk of infections that may be bacterial, viral, fungal, or
protozoan. Infection is a significant cause of morbidity and mortality after transplantation
[28]. Its presence should also always be preoperatively ruled out (by obtaining laboratory,
radiologic, and microbiology tests). It is imperative to emphasize that the immunosuppressed
patient may not present the typical signs and symptoms of infection (i.e. fever, leukocyto-
sis). Microbiology advice should be strongly sought for prevention as well as strict control of
infection. Any infection should be treated preoperatively [29].

Although transplant patients are considered as risk hosts for infection because of their immune
status, there is no evidence to suggest different bacteriology of surgical site infections than for
the general population. Antimicrobial coverage need not be expanded to include atypical or
opportunistic organisms as long as active infection with such an organism is not present or
suspected [30]. Prophylaxis with broad spectrum antibiotic should be administered 1 hour
before surgical incision (depending on hospital protocol) (Table 5).

Transplanted patients may also suffer from diabetes, hypertension, epilepsy, renal dysfunc-
tion, bone marrow suppression, lymphoproliferative disorders, and adrenal insufficiency as
the side effects of chronic immunosuppressive therapy [31]. Hepatobiliary and pancreatic dis-
eases are relatively common after transplantation, as well as the upper gastrointestinal bleed-
ing secondary to peptic ulcer disease. Surgical stress, corticosteroids, and mycophenolate may
contribute to gastrointestinal ulcers [32]. So, it is absolutely necessary to provide stress ulcer
prophylaxis for transplanted patients.

The transplant patient population is considered as high-risk group for developing venous
thromboembolism (VTE) given the fact that most of these patients have multiple identifi-
able risk factors [33]. However, the exact risk of developing VTEs in these patients is not
clearly defined in the literature, nor there are clear guidelines regarding the appropriate use
of thromboprophylaxis in transplant recipients [34]. In our opinion, VTE prophylaxis should
be tailored to the patient’s specific needs in accordance with current guidelines [35].

Operation Recommended antibiotic prophylaxis

Vascular surgery Cefazolin or cefuroxime.

If patient has a 3-lactam allergy: vancomycin with or without gentamyecin,
or clindamycin

Hip or knee arthroplasty Cefazolin or cefuroxime.

If the patient has a (3-lactam allergy: vancomycin or clindamycin

Table 5. Antimicrobial prophylaxis for selected surgical procedures [30].
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3.2. Preoperative assessment and premedication

The transplant team as well as the attending anesthesiologist and surgeon should have a
good coordination during perioperative period, especially if a major surgical procedure is
planned. A comprehensive preoperative evaluation by the anesthesiologist should include:
evaluation of the graft function, presence of infection, function of other organ systems, the
presence of concomitant diseases as well as the preoperative performance or functional sta-
tus. Adherence to the fundamental principles of preoperative evaluation along with a high
level of vigilance is required. Information and medical history should be gathered from the
medical records, interview with the patient and/or next of kin or guardian. If medical infor-
mation is unavailable, attempts should be made to contact the transplant center for pertinent
history. Other useful information from the transplant center includes their most recent evalu-
ations and recent data on graft function and general health of the patient. Close communica-
tion with the transplant team may be the single most important step in preparing the patient
for surgery and developing a perioperative anesthetic plan.

A thorough review of systems along with a physical examination is essential in this popula-
tion. Findings such as recent weight gain, edema, dyspnea, sweats, malaise, fever, rashes,
abdominal pain, abnormal breath sounds on auscultation, and changes in stool or urine out-
put are some of the potential signs and symptoms of infection or rejection.

The following investigations should be available preoperatively.
1. Laboratory parameters:
a. Complete blood count (to rule out bone marrow suppression)
b. Electrolytes
c. Renal function tests
d. Liver function tests
e. Coagulation tests
f. Biomarkers (i.e. brain natriuretic peptide)
Chest radiograph
Electrocardiogram

Echocardiography

ARSI

Miscellaneous: depending on the type of surgery and transplanted organ (i.e. coronary
angiography, stress test, spirometry, biopsy)

Each preoperative evaluation and testing should be considered individually based on the
target organ system(s) to be evaluated, the patient’s medical history, and the inherent risks of
the upcoming surgical procedure.

Cardiovascular disease is a major cause of mortality and morbidity among organ transplant
recipients, especially in those with chronic kidney disease or previous heart transplant, making
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the risk of a perioperative cardiovascular event a legitimate concern. Many transplant recipi-
ents have undergone complete cardiac testing and in some cases, interventions, before their
transplant surgery. Records of the testing and interventions can be easily obtained from the
transplant center to be used for comparison and consideration before the upcoming surgery.
We must also bear in mind that many of these patients may have asymptomatic coronary dis-
ease as a result of diabetes or the transplant itself [36].

If unexpected abnormal findings are identified on physical examination or laboratory test-
ing, symptomatic changes outside the patient’s baseline are documented, or suspicion for
rejection or infection exists during the preoperative evaluation, it should be considered to
postpone any surgery that is non-urgent or elective. The patient should also be expeditiously
referred back to the transplant center, cardiologist, or other consulting physician as indicated.

Standard premedication may be used, as in non-transplant patients. However, dose adjustment
for some drugs is needed (Table 3). Antibiotic, stress ulcer and VTE prophylaxis administra-
tion is recommended (as mentioned above). Supplemental steroids are not necessary for stress
coverage except in post-transplant recipients in whom steroids are recently withdrawn [37].

Post-transplantation diabetes mellitus is a common metabolic consequence of the agents
of immunosuppressive therapy agents [38]. It is imperative to institute a glycemic control
plan before the surgery with closely managing intraoperative and postoperative glucose
control.

The dose of immunosuppressive drugs should not be altered and should be continued post-
operatively to reduce the risk of rejection. Daily monitoring of the steady-state blood level is
recommended. Oral cyclosporine should be administered 4-6 h before surgery to maintain
therapeutic blood levels. The alteration of dose of other immunosuppressive drugs dose is not
required unless the route of administration needs to be changed from oral to intravenous [39].

3.3. General anesthetic considerations

There is no ideal anesthetic plan that can be used for all transplant recipients undergoing non-
transplant surgery. A variety of anesthetic techniques have been successfully used in patients
with a transplant history including general (inhalational, balanced, and total intravenous),
neuraxial, and regional anesthesia.

3.3.1. Monitoring

Generally, invasive monitoring is not mandatory and anesthesia should be performed using
standard European Society of Anesthesiology’s monitoring guidelines [40]. The decision to
use invasive hemodynamic monitors, placement of central venous access, pulmonary artery
catheters, or other procedures such as transesophageal echocardiography should be made
on a case-by-case basis. It should be guided by consideration of the patient’s comorbidities,
hemodynamic stability, the expertise of the anesthesiologist in placing the invasive devices,
and by the type of surgery and anesthesia planned. Aseptic technique is of utmost importance
to minimize exposure to infectious organisms and bacteremia when attempting any invasive
procedures in this population [41].

237
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3.3.2. Airway management

Airway management of transplant patients may pose a concern for several reasons. Many
patients may have pre-existing diabetes mellitus before transplant or acquire diabetes after
transplant. Diabetic patients can develop limitations in joint mobility caused by glycosylation
of the connective tissue within their joints [38]. This population is also at increased risk for
lymphoproliferative disorders secondary to immunosuppressant drugs, and lymphopro-
liferative growth may compromise any part of the airway or mediastinum and cause life-
threatening airway obstruction during sedation and anesthesia [41]. Gingival hyperplasia is
present at times in patients taking cyclosporine and it may lead to bleeding during airway
manipulation. Aspiration risk may be increased in transplanted patients as a result of delayed
gastric emptying and gastropathy [32]. These potential problems should all be taken into con-
sideration when constructing the anesthetic plan for airway management.

Oral endotracheal intubation is preferred over nasal intubation because of the potential of
infection caused by nasal flora [42]. The use of a laryngeal mask is acceptable (within its
indications) [43]. Keep in mind that laryngoscopy and tracheal intubation may not produce
a sympathetic response secondary to the loss of cardiac baroreceptor reflexes in heart trans-
planted patients [44]. Avoid hyperventilation in patients taking cyclosporine and tacroli-
mus because of a decrease in seizure threshold with these two drugs. Early postoperative
extubation is preferred if possible to prevent the development of nosocomial or ventilator-
associated pneumonia [45].

3.3.3. General anesthesia

All inhalational and intravenous anesthetics have been used with success in transplant recipi-
ents. The choice of anesthetics and adjunctive drugs should be determined by the type of
surgery and condition of the patient. As a general guideline, if hepatic and renal functions
are normal, all standard anesthetic medications and adjuncts may be used. Some special con-
siderations for each type of organ transplant are discussed in the section on organ-specific
considerations.

3.3.3.1. Intravenous anesthetics

The selection and administration of intravenous anesthetics should be guided by the patient’s
hemodynamic status, the drug’s cardiovascular effects, and pharmacokinetic properties.
Premedication with benzodiazepines is acceptable. Caution should be used in patients with
hepatic or renal insufficiency as effects may be prolonged. Also, the dose of barbiturates
should be adjusted in patients with hepatic insufficiency to avoid prolonged effects.

Propofol is extensively metabolized by the liver to inactive glucuronic acid metabolites that
are excreted by the kidneys. Nevertheless, there seems to be no need for dose adjustments in
patients with hepatic or renal failure indicating an extrahepatic route of elimination as well [46].
Caution should be used in patients with cardiovascular compromise as propofol can worsen
cardiac contractility, compromise cardiac preload, cause bradycardia, and lower systemic vas-
cular resistance culminating in diminished cardiac output and mean arterial pressure.
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Etomidate does not have the cardiac depressant effect of barbiturates and propofol.
Etomidate is metabolized rapidly by hydrolysis within the liver and by plasma esterases and
also does not require dosage adjustment in renal or hepatic disease. One unique characteris-
tic of etomidate is its ability to inhibit enzyme necessary for the synthesis of cortisol [47]. This
may have clinical significance in patients who already have adrenal suppression as a result
of exogenous corticosteroid use.

Ketamine is metabolized via the hepatic cytochrome P-450 system. Therefore, the clinical
effects of ketamine are prolonged in the presence of hepatic insufficiency. The usual cardiac
stimulating effects caused by central stimulation of the sympathetic system are not present
in the denervated heart, but ketamine can still increase systemic vascular tone. Ketamine has
neuroexcitatory effects and is known to cause myoclonic activity. It would be wisely to pro-
ceed with caution if the katamine is administered in patients who simultaneously take cyclo-
sporin due to its potential for neurotoxicity.

3.3.3.2. Inhalational anesthetics

All inhaled anesthetics have been used in transplanted patients with success. Although halo-
thane is nowadays rarely used, nevertheless it is necessary to mention its potential for hepa-
totoxicity and direct cardiac depressant effects. Most commonly used volatile anesthetics are
isoflurane, sevoflurane, and desflurane. There does not seem to be a significant clinical advan-
tage or disadvantage of one over the others. The choice of inhaled anesthetic can be dictated
by the anesthesiologist’s preference, experiences, and comfort with the anesthetic [48]. It is
probably prudent to avoid prolonged use of N2O because of the potential risk of bone mar-
row suppression and the potential for altered immunologic response [49].

3.3.3.3. Opioids

Fentanyl is suitable and safe for short-term use during surgery. However, if used for long
duration, the pharmacodynamic effects should be monitored due to accumulation effect.
Reduced renal and liver function does not significantly alter the clearance and half-life of
sufentanil. Tissue and blood esterases mainly metabolize remifentanil and its metabolite,
excreted via kidneys, has low potency [50].

Among opioids used for postoperative pain treatment (morphine, codeine, oxycodone, and
tramadol) have to be used with caution. Some of their active metabolites accumulate in renal
failure and can mediate CNS and respiratory depression. Transdermal buprenorphine and
methadone appear to be safe to use even in patients with renal dysfunction [51].

3.3.3.4. Neuromuscular blockade

The decision to use neuromuscular blockade should be based on the type of surgery and
actual need for muscle relaxation during the procedure or the need to optimize intubating
conditions. The choice of specific neuromuscular blocking agent should be dictated by length
of surgery, underlying medical illnesses (i.e. myasthenia or other neuromuscular disorders),
history of malignant hyperthermia, and the functional state of the patient’s kidney and liver.

239
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In the group of non-depolarizing drugs, it is preferable to use short-acting relaxants (mivacu-
rium) or intermediate-acting agents independent of kidney and liver function (cisatracurium,
atracurium). Vecuronium, rocuronium, and pancuronium can have prolonged effects in the face
of hepatic or renal insufficiency. They require dose adjustments, close neuromuscular monitor-
ing, and evidence of full reversal before extubation [52]. Some immunosuppressive drugs (i.e.
azathioprine and cyclosporine) can prolong the action of the neuromuscular blocking agents [22].

Succinylcholine, the only depolarizing agent available, can be used in organ transplant recipi-
ents in the need for rapid sequence intubation and rapid airway control. It should be avoided
only if there are other clinical reasons, such as hyperkalemia, muscular dystrophy, or history
of malignant hyperthermia [53].

3.3.3.5. Anticholinesterase drugs

Most of the cholinesterase inhibitor drugs are eliminated through the kidneys (neostigmine,
edrophonium, and pyridostigmine). Caution is advised in renal failure. Several reports
described that neostigmine may produce a dose-dependent life-threatening bradycardia in
heart transplant recipients, whereas another publication described the safe use of neostigmine
[54]. Reversal of neuromuscular block with sugammadex is another possibility, but limited
data exist in literature [55].

3.3.4. Regional and neuraxial anesthesia

The decision to perform a regional or neuraxial anesthetic technique in a previously trans-
planted patient must be made on an individual basis. We must carefully consider potential
benefit and risks of these techniques as well as the anesthetic alternatives when constructing
the anesthetic plan in this population. There may be several advantages to choosing a neuraxial
or regional technique in this population. Superior analgesia over systemic opioids, especially
in patients who may have narcotics tolerance as a result of long-term opioid use, reduced pul-
monary complications, and decreased incidence of graft occlusion are just a few of the benefits
of regional and neuraxial anesthesia [56]. Clinically relevant doses of bupivacaine and ropiva-
caine, which are commonly used local anesthetics for neuraxial anesthesia, do not seem to result
in toxic levels or increased risk of toxic effects in renal and liver transplant recipients. However,
it is important to be prepared for the risk of hypotension because of pre-existing autonomic neu-
ropathy and cardiac denervation in this population. Cautious correction of hypovolemia before
epidural or spinal anesthesia may help to attenuate the hypotension. Concurrent hemodynamic
monitoring is imperative during the procedure. Direct and indirect-acting adrenergic agonists
should be readily available along with emergency airway supplies.

The consideration of spinal or epidural anesthesia is appropriate in this population as long as
there is no increased risk for bleeding complications. It is necessary to perform a total blood
count to exclude bone marrow suppression, especially thrombocytopenia, and coagulation tests
(PT, INR, APTT, and fibrinogen). Peripheral nerve blocks became popular anesthetic option due
to hemodynamic stability and better postoperative analgesia. Some studies show no difference
in duration of peripheral nerve blocks in patients after transplantation compared to the general
surgical population [57, 58]. Nevertheless, large prospective randomized trials are still lacking.
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Although the risk of infectious complications is very low, it is important to be highly vigilant
when monitoring these patients after a neuraxial anesthesia as the attenuated inflammatory
response may diminish the typical signs and symptoms of infection [59]. Again, aseptic tech-
nique and a mask should be considered essential when performing these procedures.

3.3.5. Postoperative care management

Regardless of the procedure performed, successful outcomes also depend on optimal post-
operative care. Depending on the type of surgery, patients’” comorbidities, and preoperative
condition, patient is after surgery transferred either to intensive care unit (ICU) or post-
anesthesia care unit (PACU). Adequate monitoring is tailored accordingly [60]. We reduce
the delirium incidence by minimizing sedation, speed up extubation, and facilitate early
ambulation and physical rehabilitation. Appropriate analgesia is essential component of
postoperative surgical care. Opioids are the mainstay of analgesia in the early postoperative
phase after major surgery. Parenteral paracetamol is an effective analgesic agent and may
spare narcotics. There is no evidence of an increased risk of hepatotoxicity [61]. Once extu-
bated, patient-controlled analgesia (PCA) devices are effective and well received by patients
and nurses. Non-steroidal anti-inflammatory drugs should be avoided because of the risk
of adverse interactions (e.g., gastrointestinal hemorrhage, nephrotoxicity, hepatic dysfunc-
tion). They augment nephrotoxicity of cyclosporine, as both drugs affect the renal microcir-
culation [62, 63].

Immunosuppressive therapy should be continued during the perioperative period and daily
monitoring of steady-state cyclosporine or tacrolimus blood levels is recommended [64].
The dose of other immunosuppressive drugs should not be altered perioperatively unless
the route of administration needs to be changed from oral to intravenous. In addition to the
routine care as those for non-transplant recipients, increased attention should be paid to the
preload status, renal function, and prevention of infection.

4. Specific anesthetic considerations

4.1. Heart transplant recipients

Transplanted heart is completely denervated, meaning it lacks neural regulating mechanisms
[65]. Even though, it has the ability to adjust with compensatory mechanisms to the increased
demands in stress returning the recipients to an active life. Transplanted heart has no sensory
sympathetic and parasympathetic innervation. Therefore, it has a higher resting heart rate of
90-110 bpm secondary to the loss of vagal tone. The resting ECG is commonly altered showing
two P waves: one is from the recipients’ own SA node and the other is the donors” SA node.
Patients are at higher risk of developing atrial flutter or atrial fibrillation. The transplanted heart
is “preload dependent.” Cardiac output becomes dependent on venous return. Therefore, it is
important to maintain a sufficient systolic pressure and prevent hypovolemia [66].

Although the cardiac index of the transplanted heart is lower than that of normally innervated
control hearts, it remains in the normal range. The catecholamine response is different from
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that of normal heart because intact sympathetic nerves are required for the normal uptake
and metabolism of catecholamines. The receptor density, however, remains unchanged, and
the transplanted heart can respond to direct-acting drugs (adrenaline and noradrenaline) [67].
Isoprenaline and dobutamine have similar effects in both transplanted and normal heart.
Because atropine has no effect on a transplanted heart, isoprenaline and adrenaline should be
readily available to manage bradycardia and hypotensive emergencies. In recent years, milri-
none and levosimendan, inotropic vasodilators, have been included in the pharmacological
arsenal. These drugs increase myocardial contractility without myocardial oxygen consump-
tion (unlike catecholamines). In addition, they lead to arterial and venous vasodilatation and
afterload decrease [68, 69]. Table 6 summarizes the hemodynamic response of some commonly
used drugs for resuscitation.

Heart transplant recipients may present with ongoing rejection with myocardial dysfunction,
accelerated coronary atherosclerosis, or severe dysrhythmias, all of which must be diagnosed
before surgery. Chronic allograft rejection usually presents as accelerated coronary artery dis-
ease. Therefore, heart transplant recipients may have significant myocardial ischemia without
any clinical symptoms of pain and silent myocardial infarction on the ECG. Severe rejection
can lead to significant systolic and diastolic dysfunction [70, 71].

General anesthesia is usually preferred, as there is a possibility of impaired response to hypo-
tension after spinal or epidural anesthesia. A goal of anesthesia in this setting is the avoidance
of significant vasodilation and acute decrease of the preload. Invasive hemodynamic monitor-
ing is extremely useful during surgery that involves large volume shifts, due to the fact that
these patients are preload-dependent and may be prone to myocardial dysfunction and/or

Drugs SA node AV SVR BP co Remark
rate conduction
Atropine 0 0 0 0 0 Cannot be used in bradycardia
Dopamine 1 1 0 E 1
Dobutamine 1 1 0 1 1 Effect on HR is more than normal
heart
Adrenaline 1 1 0 1 1
Noradrenaline 1 1 0 1 E
Isoprenaline 1 ) 0 1 T
Phenylephrine 0 0 0 t E
Digoxin 0 !
Milrinone 0 0 ) 1 1
Levosimendan 0 0 ! 1 1

SA - sinoatrial; V — atrioventricular; SVR — systemic vascular resistance; BP — blood pressure; CO — cardiac output; HR
—heart rate; 0 — no effect; and E — equivocal.

Table 6. Response of denervated heart to various cardiovascular drugs.
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ischemia. Instead of invasive monitoring, intraoperative transesophageal echocardiography
may be considered [72, 73]. All preoperative drug therapy should be continued during the
perioperative period. If a pacemaker is in place, its proper function should be confirmed.

4.2. Lung transplant recipients

Denervation of the lungs after transplantation is associated with a lack of cough reflex below the
tracheal anastomosis level and are unable to clear secretions unless they are awake. Therefore,
they are prone to retention of secretions and silent aspiration [74]. These conditions may lead
potential hazardous conditions especially in general anesthesia, such as bronchoconstriction
and the increased risk of chest infection. In light of potential complications, it is preferable to
perform a regional anesthesia whenever possible and if there is no contraindication [75].

Before elective surgery patients should undergo chest radiograph and spirometry to exclude
chronic rejection and infection [76]. If allograft rejection or infection is suspected, elective sur-
gery should be postponed and appropriate investigations should be performed.

Altered lymphatic drainage in the transplanted lung may cause interstitial fluid accumulation.
It has been recommended that these patients be treated with diuretics and limited crystalloid
infusion [77, 78]. Invasive hemodynamic monitoring is often required in heart-lung transplant
recipients since there is a narrow line between the pulmonary edema occurrence and maintain-
ing cardiac output with fluid load [79].

4.3. Kidney transplant recipients

Kidney transplant recipient have high incidence of cardiovascular diseases, especially elderly
patients with diabetes and after years of dialysis procedures. Spectrum of disease can range
from hypertension to severe coronary disease. It is wisely to approach them with caution.
Cardiovascular complications are the leading cause of death in renal transplant recipients,
accounting for 32% of all deaths [80].

After successful transplantation, renal function is restored, with no need for renal replace-
ment therapy. Still, beware of prolonged drug action and excretion in kidney transplant
recipients, due to the fact that their glomerular filtration rate and effective plasma flow can be
significantly lower than in healthy subjects [81].

You should suspect at chronic graft rejection when azotemia, proteinuria, and hypertension
are seen [82, 83]. One of the important parameters to consider in the prevention of graft fail-
ure is the maintenance of appropriate renal perfusion pressure. Perioperative fluid manage-
ment must ensure restoration and maintenance of intravascular volume, in order to obtain
good graft function. Diuretics should not be given without careful evaluation of the patient’s
volume status.

In anesthetic management, it is prudent to choose drugs that do not rely on the kidney for
excretion. Nephrotoxic drugs should be avoided [84]. Cardiovascular instability can be pres-
ent after a recipient has been recently hemodialysed due to hypovolemia and hypokalemia,
causing arrhythmias and increased susceptibility to muscle relaxants [85].
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4.4. Liver transplant recipients

Liver synthetic tests should normalize over time pointing out a good liver graft function. There
is also gradual decrease of all liver enzyme levels, as graft function becomes normal. Recovery
of drug metabolism capacity occurs immediately after reperfusion of the liver graft. Liver trans-
plantation itself results in reversal of the hyperdynamic state that characterizes patients with
end-stage liver disease and cardiac performance improves in the months after transplantation.
Hypoxemia caused by ventilation/perfusion mismatch is reversed over the course of the first
postoperative months. Patients with pre-existing true shunts may require more time to achieve
reversal of hypoxemia, or hypoxemia may not resolve at all [86]. Hepatorenal syndrome gradu-
ally diminishes, renal function improves over time, and creatinine level may become normal.
However, kidneys are still in danger of injury due to immunosuppression side effects [87].

The most severe complication of liver transplantation is hepatic artery thrombosis. It has
often been associated with massive transfusion of blood products leading to hemoconcentra-
tion. Therefore, liver transplant recipients should have minimal blood viscosity (hematocrit
approximately 28%) during the perioperative period [88].

No individual general anesthetic agents are contraindicated when hepatic and renal function is
normal. If an epidural or spinal anesthesia is planned, clotting studies and platelet counts should
be normal. Neither regional nor general anesthetic techniques were associated with deterioration
of liver function assuming proper anesthetic and intensive care management [3, 25].

4.5. Pancreas transplant recipients

Pancreas transplantation provides the most effective method of glycemic and metabolic con-
trol. It can be done as a single organ transplant or simultaneously with kidney (predominantly
in type 1 diabetes) (SPKT). SPKT is a treatment of choice for uremic diabetic patients when a
living-related kidney donor is unavailable. After successful transplantation, pancreas trans-
plant recipients do not require insulin to compensate for the stress response to surgery [89].

However, due to long-lasting diabetes effect, these patients are in high risk of developing
cardiovascular diseases. It is prudent to manage these patients with the assumption that they
have coronary artery disease [90]. Pancreas recipients still have persistent complications of
diabetes such as gastropathy and neuropathy. Aspiration risk may be increased as a result
of delayed gastric emptying. This population is also at increased risk for lymphoprolifera-
tive disorders secondary to immunosuppressant drugs and lymphoproliferative growth
may compromise any part of the airway or mediastinum and cause life-threatening airway
obstruction during sedation and anesthesia [91].

Amylase levels in serum and urine should be closely monitored. They can be our only win-
dow in the graft rejection recognition [92]. Glucose levels should also be monitored peri-
operatively. In normal functioning grafts, the suppression of endogenous insulin secretion
during hypoglycemia is sufficient to enable a normal glucagon response from the trans-
planted pancreas, even in surgical stress [93]. In patients with failed pancreatic grafts, peri-
operative management of glucose levels and acid-base status is the same as that for any
diabetic patient.
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4.6. Intestine transplant recipients

There are three types of intestine transplantation: isolated intestinal transplantation, trans-
plantation of combined intestine, and liver graft or multivisceral transplantation. The biggest
problem in intestinal transplantation is graft rejection, and it is the main reason for morbid-
ity and mortality. The diagnosis of rejection is confirmed by clinical symptoms, endoscopic
appearance, and pathological specimens taken by endoscopy [94].

Denervation and lymphatic dysfunction of the intestine affect intestinal permeability and
absorption. If the intestinal mucosa barrier is damaged by ischemia, rejection, or enteritis,
bacteria translocate into the bloodstream and infections are often observed [95]. Some of
these patients develop diarrhea and lose weight in the early post-transplantation period. Any
imbalance in the electrolyte and acid-base status should be timely corrected. Fluid adminis-
tration should be closely monitored to assure sufficient splanchnic perfusion. Venous access is
of major consideration for the anesthesiologist due to chronic use of total parenteral nutrition
and its thrombotic complications [96].

5. Special cases

5.1. Trauma

It is generally assumed that immunosuppressed patients are more susceptible to the effects
of soft tissue damage and poor bone healing. Bone loss associated with chronic immunosup-
pressive therapy is a serious problem for most transplant recipients. These patients are prone
to fractures (i.e. hip or compressive vertebral fracture) [97].

Only a few studies of traumatized transplant recipients have been reported. This is likely
because of the infrequent presentation of these patients to trauma centers. The most common
causes of trauma are car accidents and falls. The latest study by Scalea et al. determined that
outcomes for traumatic injury in patients with organ transplants are not worse than that for
non-transplant patients, despite common presumptions among physicians [98]. Transplant
recipients sustaining trauma should receive the same initial resuscitation as any trauma vic-
tim. Patients should be assessed by a transplant surgeon as soon as possible and graft function
should be closely assessed by a transplant team during hospitalization and after discharge
from the trauma center [3]. Acute organ rejection within 6 months of admission for trauma is
reported among 17% of solid organ recipients [99].

Transplant recipients, whose immune systems are already suppressed to prevent organ rejec-
tion, are presumed to be at greater risk of infection from traumatic injury. However, this was
not observed in two latest studies [100]. Therefore, similar protocols of antimicrobial therapy
should apply to both transplanted and non-transplanted patients to avoid the overuse of anti-
microbial agents and ensure maintenance of the susceptibility patterns of pathogens.

Studies also show that transplanted organs are rarely injured in traumatic events. This is most
likely related to careful selection of transplant recipients who are committed to self-care and
continue to pursue healthy life style after transplantation.
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5.2. Pregnancy

With the advances in transplantation medicine, female organ transplant recipients are able to
conceive and carry pregnancies successfully to term. This state presents a unique challenge
to attending physician, obstetrician, and anesthesiologist. These women are at an increased
risk of comorbidities and obstetric complications. Therefore, all post-transplant pregnancies
should be considered as high risk, and close monitoring is mandatory. Anesthesiologists
are involved in the care of these patients for both labor analgesia and operative procedure.
Anesthetic considerations include the effects of the physiologic changes of pregnancy on the
transplanted organ, graft function in the peripartum period, and the maternal side effects and
drug interactions of immunosuppressive agents. Anesthetic management should consider the
important task of protecting graft function [101, 102].

Data are lacking regarding the optimal transplant-conception interval. The 2005 American
Society of Transplantation Consensus Conference suggested that pregnancy 1 year after
transplant is safe as long as the patient has stable graft function. This means: no episodes of
rejection in the past year, a low risk for opportunistic infections, stable renal function (includ-
ing in those receiving organs other than a kidney), and a low stable dose of maintenance
immunosuppression [103].

Pregnancy does not appear to cause excessive or irreversible problems with graft dysfunc-
tion if the function of the transplanted organ was stable prior to pregnancy [104]. Maternal
side effects of immunosuppression therapy include nephrotoxicity, hepatotoxicity, diabe-
tes, and arterial hypertension, which could lead to possible dangerous complications. In
kidney, heart, or heart-lung transplant recipients, the rate of complications, such as pre-
eclampsia, premature labor, and risk of acute allograft rejection postpartum, is higher than
that in the non-transplant population [105].

Current immunosuppressant drugs are not thought to be teratogenic and their use cannot
be discontinued during pregnancy. All immunosuppressants cross the placenta. They are
not strongly associated with the increased risk of congenital anomalies in the first trimester.
However, they affect the immune system of fetus during the second and third trimesters and
may result in premature delivery and low birth weight in newborn [106].

The anesthetic technique for cesarean section depends on indication, functional status of trans-
planted organ, and cardiovascular and hematological status. Central neuraxial blocks are not
contraindicated if coagulation status is normal. However, documentation of paresthesia is
important if regional anesthesia is planned. In the case of general anesthesia, all intravenous
anesthetics and inhalational agents are safe. Neuromuscular function should be monitored
particularly if the patient is receiving magnesium. Postoperative pain relief is provided with
narcotics by epidural or spinal route if regional anesthesia is used or by parenteral opioids.
Non-steroidal anti-inflammatory drugs should be avoided. Thromboprophylaxis should be
administered because of the high risk of thromboembolic complications in these patients,
especially after cesarean delivery. The threshold for admission to an intensive care or high-
dependency unit should be low [107].
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5.3. Laparoscopic surgery

Laparoscopic surgery is currently a widely accepted approach to several surgical fields
because of its advantages in terms of postoperative pain reduction and easy patient recovery.
The number of minimally invasive surgical procedures performed in transplant recipients is
constantly increasing [108].

Lymphoceles can be successfully treated surgically after kidney transplantation by laparos-
copy under general anesthesia [109, 110]. There are also reports of successful laparoscopic
bariatric surgery after simultaneous pancreas and kidney transplantation [111]. Laparoscopic
cholecystectomy is considered to be safe procedure in the transplant population. It has advan-
tage of short hospital stay, low morbidity, maintenance of oral immunosuppression, and early
return to preoperative routines. There is however a slightly higher rate of conversion to an open
cholecystectomy among transplant patients compared to general population (27% vs. 11%,
respectively) [112, 113]. Generally, laparoscopic approach may be useful even in solid-organ
transplantation surgery as a diagnostic or treatment procedure in some surgical complications.

5.4. Outpatient and esthetic surgery

With shorter medical procedure duration and fewer complications, there is growth in popu-
larity of outpatient or ambulatory surgery. Procedures performed are broad in scope: knee,
shoulder, spine and eye surgery (cataract, laser surgery), plastic surgery, some types of
esthetic surgery, and upper gastrointestinal endoscopy and colonoscopy [114].

Improved immunosuppression and lifespans have afforded solid organ transplant recipients
the opportunity to seek outpatient and esthetic surgery. Most commonly performed proce-
dures are soft tissue excisions with local flap coverage, facelifts, breast augmentation, and
abdominoplasty. Among solid organ transplant recipients, kidney transplant recipients most
often underwent plastic surgery, accounting for over 68% [115]. The complication rate is very
low and ranges from 4 to 8% [116]. Delayed wound healing or wound disruption is reported
as the most common complication and is associated with immunosuppression therapy, such
as steroids [117].

It is extraordinarily important to manage these patients with a multidisciplinary approach.
They should obtain clearance from the transplant surgeon and from the organ-specific special-
ist. The anesthesiologist should be familiar with the organ-specific needs in the perioperative
period (i.e. maintaining preload for heart transplant patients, judicious fluid management in
the renal patient, and avoidance of volatile anesthetics in liver transplants) to avert unintended
consequences. It is more reasonable to use of general anesthesia over regional in the heart
transplant patients. Perioperative antibiotic prophylaxis and stress-dose steroids should be
administered prior to surgery. NSAIDs should be avoided in postoperative pain regimen [118].

Elective esthetic surgery can be performed safely in patients with a history of solid organ trans-
plantation after a careful patient selection and multidisciplinary approach. These patients can
potentially experience significant improvements in their quality of life with low morbidity.
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6. Conclusion

The increasing prevalence of previously transplanted patients makes it likely that every anesthe-
siologist will care for patients with end-organ failure or a transplanted organ, either for acciden-
tal or transplant-related surgery in the future. Local, regional, or general anesthesia can be safely
delivered to transplant recipients and a successful anesthetic and perioperative management
can be provided. However, for the safe management of solid organ recipients, it is essential to
have an appropriate knowledge of the physiology of the transplanted organ, the pharmacology
of the immunosuppressive drugs, and the presence of associated organ dysfunction.

Many of the perioperative problems in the transplant population have not been specifically
studied, and there are no formal recommendations for their management. Additional research
should be performed in order to identify perioperative issues and facilitate the formulation of
guidelines for anesthesia in this particular transplanted population.

Conflict of interest

The authors declare no conflict of interest.

Author details

Katarina Tomuli¢ Brusich'™ and Ivana Acan?
*Address all correspondence to: ktomulic@mail.com

1 Department of Anesthesiology and Intensive Care, The Magdalena Special Hospital for
Cardiovascular Surgery and Cardiology, Croatia

2 Department of Anesthesiology and Intensive Care, University Hospital Merkur, Zagreb,
Croatia

References

[1] Kostopanagiotou G, Smyrniotis V, Arkadopoulos N, Theodoraki K, Papadimitriou L,
Papadimitriou J. Anesthetic and perioperative management of adult transplant recipients
in nontransplant surgery. Anesthesia and Analgesia. 1999;89(3):613-622. PMID: 10475290

[2] Ashary N, Kaye AD, Hegazi AR, M'Frost EA. Anesthetic considerations in the patient
with a heart transplant. Heart Disease 2002;4(3):191-198. PMID: 12028605

[3] Zeyneloglu P, Pirat A, Sulemanji D, Torgay A, Karakayali H, Arslan G. Perioperative anes-
thetic management for recipients of orthotopic liver transplant undergoing nontransplant
surgery. Experimental and Clinical Transplantation 2007;5(2):690-692. PMID: 18194123



[4]

(8]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

Anesthetic Considerations in Transplant Recipients for Nontransplant Surgery
http://dx.doi.org/10.5772/intechopen.74329

Keegan MT, Plevak DJ. The transplant recipient for nontransplant surgery. Anesthesiology
Clinics of North America. 2004;22(4):827-861. PMID: 15541938. DOI: 10.1016/j.atc.2004.05.
006

Shapiro R, Young ]JB, Milford EL, Trotter JF, Bustami RT, Leichtman AB. Immuno-
suppression: Evolution in practice and trends, 1993-2003. American Journal of Trans-
plantation. 2005;5(4 Pt 2):874-886. PMID: 15760415. DOI: 10.1111/j.1600-6135.2005.00833.x

DickinsonDM, DykstraDM, Levine GN, LiS, WelchJC, Webb RL. Transplant data: Sources,
collection and research considerations, 2004. American Journal of Transplantation.
2005;5(4 Pt 2):850-861. PMID: 15760413. DOI: 10.1111/j.1600-6135.2005.00840.x

Reding R, Gras J, Sokal E, Otte JB, Davies HF. Steroid-free liver transplantation in chil-
dren. Lancet. Dec 20, 2003;362(9401):2068-2070. PMID: 14697809. DOI: 10.1016/S0140-6736
(03)15104-5

Greig P, Lilly L, Scudamore C, Erb S, Yoshida E, Kneteman N, Bain V, Ghent C, Marotta P,
Grant D, Wall W, Tchervenkov ], Barkun J, Roy A, Marleau D, McAlister V, Peltekian K.
Early steroid withdrawal after liver transplantation: The Canadian tacrolimus ver-
sus microemulsion cyclosporin A trial: 1-year follow-up. Liver Transplantation. 2003;

9(6):587-595. PMID: 12783400. DOI: 10.1053/j1ts.2003.50102

Ozbilgin M, Egeli T, Unek T, Ozkardesler S, Avkan-Oguz V, Sagol O, Ozbilgin S,
Bacakoglu A, Astarcioglu I. Incidence of late acute rejection in living donor liver trans-
plant patients, risk factors, and the role of immunosuppressive drugs. Transplantation
Proceedings. 2015;47(5):1474-1477. DOI: 10.1016/j.transproceed.2015.04.076

Papalois VE, Hakim NS. New immunosuppressive drugs in organ transplantation. In:
Hakim NS, editor. Introduction to Organ Transplantation. London: Imperial College
Press; 1997. pp. 225-236

Eide TR, Belenker S. Effect of cardiopulmonary bypass on plasma cyclosporin A levels
in a renal transplant patient. Anesthesia and Analgesia. 1992;74:288-290. PMID: 1731551

Campana C, Regazzi MB, Buggia I, Molinaro M. Clinically significant drug interactions
with cyclosporin. An update. Clinical Pharmacokinetics 1996;30:141-179. PMID: 8906896

Rancic N, Vavic NN, Kovacevic AM, Mikov MM, Drgojevic-Simic VM. Drug-drug inter-
actions of tacrolimus. Hospital Pharmacology. 2015;2:291-296

Aliabadi AZ, Zuckermann AO, Grimm M. Immunosuppressive therapy in older cardiac
transplant patients. Drugs & Aging. 2007;24:913-932. PMID: 17953459

Lill ], Bauer LA, Horn JR, Hansten PD. Cyclosporine-drug interactions and the influence
of patient age. American Journal of Health-System Pharmacy. 2000;57(17):1579-1584.
PMID: 10984808

Gelb AW, Freeman D, Robertson KM, Zhang C. Isoflurane alters the kinetics of oral
cyclosporine. Anesthesia and Analgesia. 1991;72(6):801-804. PMID: 2035864

Freeman D], Sharpe MD, Gelb AW. Effects of nitrous oxide/oxygen/isoflurane anesthe-
sia on blood cyclosporine concentrations in the rabbit. Transplantation. 1994;58:640-642.
PMID: 8091495

249



250 Organ Donation and Transplantation - Current Status and Future Challenges

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]
[28]

[29]

[30]

[31]

Pertek JP, Chaoui K, Junke E, Artis M, Coissard A, Frisoni A, Meistelman C. Effects of
propofol on blood concentration of cyclosporine. Annales Frangaises d'Anesthesie et de
Reanimation. 1996;15(5):589-594. PMID: 9033752

Cirella VN, Pantuck CB, Lee Y], Pantuck EJ. Effects of cyclosporine on anesthetic action.
Anesthesia and Analgesia. 1987;66(8):703-706. PMID: 3605689

Crosby E, Robblee JA. Cyclosporine-pancuronium interaction in a patient with a renal
allograft. Canadian Journal of Anesthesia. 1988;35(3 Pt 1):300-302. PMID: 3289771

Gramstad L. Atracurium, vecuronium, and pancuronium in end-stage renal failure. British
Journal of Anaesthesia. 1987;59:995-1003. PMID: 2888477

Sidi A, Kaplan RF, Davis RF. Prolonged neuromuscular blockade and ventilatory failure
after renal transplantation and cyclosporine. Canadian Journal of Anaesthesia. 1990;
37(5):543-548. PMID: 1973635. DOI: 10.1007/BF03006323

Backman SB, Fox GS, Stein RD, Ralley FE. Neostigmine decreases heart rate in heart
transplant patients. Canadian Journal of Anaesthesia. 1996;43:373-378. PMID: 8697553.
DOI: 10.1007/BF03011717

Herborn], Parulkar S. Anesthetic considerations in transplant recipients for nontransplant
surgery. Anesthesiology Clinics. 2017;35(3):539-553. DOI: 10.1016/j.anclin.2017.04.009

Ersoy Z, Ayhan A, Ozdemirkan A, Polat GG, Zeyneloglu P, Arslan G, Haberal M. Anesthetic
and perioperative management of nontransplant surgery in patients after liver transplant.
Experimental and Clinical Transplantation. 2017;15(Suppl 1):42-45. PMID: 28260430. DOI:
10.6002/ect.mesot2016.024

Demetris AJ, Murase N, Lee RG, Randhawa P, Zeevi A, Pham S, Duquesnoy R, Fung J],
Starzl TE. Chronic rejection. A general overview of histopathology and pathophysiol-
ogy with emphasis on liver, heart and intestinal allografts. Annals of Transplantation..
1997;2(2):27-44. PMID: 9869851. PMCID: PMC3235804

Libby P, Pober JS. Chronic rejection. Immunity. 2001;14(4):387-397. PMID: 11336684

Dunn DL. Problems related to immunosuppression. Infection and malignancy occurring
after solid organ transplantation. Critical Care Clinics. 1990;6(4):955-977. PMID: 2265389

Suzuki Y, Kenjo A, Togano T, Yamamoto N, Ohto H, Kume H. Infectious diseases in solid
organ transplant recipients: Analysis of autopsied cases in Japan. Journal of Infection
and Chemotherapy. 2017;23(8):531-537. DOI: 10.1016/j.jiac.2017.05.001

Bratzler DW, Houck PM; Surgical infection prevention guideline writers workgroup.
Antimicrobial prophylaxis for surgery: An advisory statement from the national surgical
infection prevention project. American Journal of Surgery. 2005;189(4):395-404. PMID:
15820449. DOI: 10.1016/j.amjsurg.2005.01.015

Augustine SM. Heart transplantation. Long-term management related to immunosu-
pression, complications, and psychosocial adjustments. Critical Care Nursing Clinics of
North America. 2000;12:69-77. PMID: 11051920



[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

Anesthetic Considerations in Transplant Recipients for Nontransplant Surgery
http://dx.doi.org/10.5772/intechopen.74329

Courson AY, Lee JR, Aull MJ, Lee JH, Kapur S, McDermott JK. Routine prophylaxis with
proton pump inhibitors and post-transplant complications in kidney transplant recipients
undergoing early corticosteroid withdrawal. Clinical Transplantation. 2016;30(6):694-
702. DOI: 10.1111/ctr.12736

Abualhassan N, Aljiffry M, Thalib L, Coussa R, Metrakos P, Hassanain M. Post-transplant
venous thromboembolic events and their effect on graft survival. Saudi Journal of Kidney
Diseases and Transplantation. 2015;26(1):1-5. PMID: 25579708

Abdel-Razeq H. Venous thromboembolism prophylaxis for hospitalized medical
patients, current status and strategies to improve. Annals of Thoracic Medicine. 2010;5(4):
195-200. DOI: 10.4103/1817-1737.69104

Samama CM, Afshari A. ESA VTE guidelines task force. European guidelines on peri-
operative venous thromboembolism prophylaxis. European Journal of Anaesthesiology.
2018;35(2):73-76. DOI: 10.1097/EJA.0000000000000702

Fussner LA, Heimbach JK, Fan C, Dierkhising R, Coss E, Leise MD, Watt KD. Cardio-
vascular disease after liver transplantation: When, what, and who is at risk. Liver
Transplantation. 2015;21(7):889-896. DOI: 10.1002/1t.24137

Bromberg JS, Alfrey EJ, Barker CF, Chavin KD, Dafoe DC, Holland T, Naji A, Perloff L],
Zellers LA, Grossman RA. Adrenal suppression and steroid supplementation in renal
transplant recipients. Transplantation. 1991;51:385-390. PMID: 1847249

Marchetti P. New-onset diabetes after transplantation. The Journal of Heart and Lung
Transplantation. 2004;23(5 Suppl):5194-5201. PMID: 15093805. DOI: 10.1016/j.healun.
2004.03.007

Johnston TD, Katz SM. Special considerations in the transplant patient requiring other
surgery. Surgical Clinics of North America. 1994;74:1211-1221. PMID: 7940070

De Hert S, Imberger G, Carlisle ], Diemunsch P, Fritsch G, Moppett I, Solca M, Staender S,
Wappler F, Smith A. Task force on preoperative evaluation of the adult noncardiac sur-
gery patient of the European Society of Anaesthesiology. Preoperative evaluation of the
adult patient undergoing non-cardiac surgery: Guidelines from the European Society
of Anaesthesiology. European Journal of Anaesthesiology. 2011;28(10):684-722. DOI:
10.1097/EJA.0b013e3283499e3b

Hammer GB, Cao S, Boltz MG, Messner A. Post-transplant lymphoproliferative disease
may present with severe airway obstruction. Anesthesiology. 1998;89:263-265. PMID:
9667319

Bach A, Boehrer H, Schmidt H, Geiss HK. Nosocomial sinusitis in ventilated patients.
Nasotracheal versus orotracheal intubation. Anaesthesia. 1992;47(4):335-339. PMID:
1519688

Fuehner T, Wiesner O, DeWall C, Dierich M, Simon AR, Hadem ], Ivanyi P, Welte T,
Gottlieb J. Self-expanding metallic stent placement with laryngeal mask in lung trans-
plant recipients. Transplantation Proceedings. 2010;42(10):4595-4599. DOI: 10.1016/j.
transproceed.2010.10.016

251



252  Organ Donation and Transplantation - Current Status and Future Challenges

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

Ejtehadi F, Carter S, Evans L, Zia M, Bradpiece H. General anaesthesia and emergency
surgery in heart transplant recipient. Case Reports in Surgery. 2015;2015:256465. DOI:
10.1155/2015/256465

Brusich KT, Acan I, Filip¢i¢ NV. Ventilator-associated pneumonia: Comparing cadaveric
liver transplant and non-transplant surgical patients. Acta Clinica Croatica. 2016;55(3):
360-369. PMID: 29045094

Chidambaran V, Ngamprasertwong P, Vinks AA, Sadhasivam S. Pharmacogenetics and
anesthetic drugs. Current Clinical Pharmacology. 2012;7(2):78-101. PMID: 22432844

Sneyd JR, Rigby-Jones AE. New drugs and technologies, intravenous anaesthesia is on
the move (again). British Journal of Anaesthesia. 2010;105(3):246-254. DOI: 10.1093/bja/
aeq190

Campagna JA, Miller KW, Forman SA. Mechanisms of actions of inhaled anesthetics.
The New England Journal of Medicine. May 22, 2003;348(21):2110-2124. PMID: 12761368.
DOI: 10.1056/NEJMra021261

Seutin VM. Mechanisms of actions of inhaled anesthetics. The New England Journal of
Medicine. Aug 28, 2003;349(9):909-910. Author reply 909-10

Dean M. Opioids in renal failure and dialysis patients. Journal of Pain and Symptom
Management. 2004;28(5):497-504. PMID: 15504625. DOI: 10.1016/j.jpainsymman.2004.
02.021

Niscola P, Scaramucci L, Vischini G, Giovannini M, Ferrannini M, Massa P, Tatangelo P,
Galletti M, Palumbo R. The use of major analgesics in patients with renal dysfunction.
Current Drug Targets. 2010;11(6):752-758. PMID: 20041843

De Wolf AM, Freeman JA, Scott VL, Tullock W, Smith DA, Kisor DF, Kerls S, Cook DR.
Pharmacokinetics and pharmacodynamics of cisatracurium in patients with end-
stage liver disease undergoing liver transplantation. British Journal of Anaesthesia.
1996;76(5):624-628. PMID: 8688259

Baxi V, Jain A, Dasgupta D. Anaesthesia for renal transplantation: An update. Indian
Journal of Anaesthesia. 2009;53(2):139-147. PMID: 20640114. PMCID: PMC2900097

Barbara DW, Christensen JM, Mauermann W], Dearani JA, Hyder JA. The safety of neu-
romuscular blockade reversal in patients with cardiac transplantation. Transplantation
2016;100(12):2723-2728. PMID: 26760570. DOI: 10.1097/TP.0000000000001060

Carlos RV, Torres MLA, de Boer HD. Reversal of neuromuscular block with sugammadex
in five heart transplant pediatric recipients. Revista Brasileira de Anestesiologia. 2018 Jan 6.
pii: S0034-7094(17)30194-0. DOI: 10.1016/j.bjan.2017.10.008. [Article in Portuguese]

Gupta PK Hopkins PM. Regional anaesthesia for all? British Journal of Anaesthesia.
2012;109:7-9. PMID: 22696553. DOI: 10.1093/bja/aes169

Tomuli¢ Brusich K, Acan I, Kovadic¢ Vici¢ V, Filip¢i¢ V. Supraclavicular nerve block: Does
kidney transplantation make a difference? Periodicum Biologorum. 2015;117(2):331



[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

Anesthetic Considerations in Transplant Recipients for Nontransplant Surgery
http://dx.doi.org/10.5772/intechopen.74329

FreirNM Murphy C Mugawar M Linnane A Cunningham A]J. Transversus abdominis plane
block for analgesia in renal transplantation: A randomized controlled trial. Anesthesia &
Analgesia. 2012;115:953-957. PMID: 22763899. DOI: 10.1213/ANE.0b013e3182642117

Cook TM, Counsell D, Wildsmith JA. Major complications of central neuraxial block:
Report on the Third National Audit Project of the Royal College of Anaesthetists. British
Journal of Anaesthesia. 2009;102:179-190. DOI: 10.1093/bja/aen360

Feng ZY, Zhang ], Zhu SM, Zheng SS. Is there any difference in anesthetic manage-
ment of different post-OLT stage patients undergoing nontransplant organ surgery?
Hepatobiliary & Pancreatic Diseases International. 2006;5(3):368-373. PMID: 16911933

Ahlers SJ, Van Gulik L, Van Dongen EP, Bruins P, Tibboel D, Knibbe CA. Aminotransferase
levels in relation to short-term use of acetaminophen four grams daily in postopera-
tive cardiothoracic patients in the intensive care unit. Anaesthesia and Intensive Care.
2011;39:1056-1063 PMID: 22165358

Harris KP, Jenkins D, Walls J. Nonsteroidal anti-inflammatory drugs and cyclosporine.
Transplantation. 1988;46:598-599. PMID: 3176159

Mueller EA, Kovarik JM, Koelle EU, Merdjan H, Johnston A, Hitzenberger G. Pharma-
cokinetics of cyclosporine and multiple dose diclofenac during co-administration.
Journal of Clinical Pharmacology. 1993;33:936-943. PMID: 8227465

Klintmalm GBG, Husberg BS, Starzl TE. The organ transplanted patient: Inmunological
concepts and immunosuppression. In: Makowka L, editor. The Handbook of
Transplantation Management. Austin, TX: Landes; 1995. pp. 72-108

Bristow MR. The surgically denervated, transplanted human heart. Circulation. 1990;
82:658-660. PMID: 2372914

Swami AC, Kumar A, Rupal S, Lata S. Anaesthesia for non-cardiac surgery in a cardiac
transplant recipient. Indian Journal of Anaesthesia. 2011;55(4):405-407. DOI: 10.4103/
0019-5049.84849

Ejtehadi F, Carter S, Evans L, Zia M, Bradpiece H. General anaesthesia and emergency
surgery in heart transplant recipient. Case Reports in Surgery. 2015;2015:256465. PMID:
26788397. PMCID: PMC4695654. DOI: 10.1155/2015/256465

Chen EP, Bittner HB, Davis RD, Van Trigt P. Hemodynamic and inotropic effects of
milrinone after heart transplantation in the setting of recipient pulmonary hypertension.
The Journal of Heart and Lung Transplantation 1998;17(7):669-678. PMID: 9703231

Pérez Vela JL, Corres Peiretti MA, Rubio Regidor M, Hernandez Tejedor A, Renes
Carrefo E, Arribas Lopez P, Gutiérrez Rodriguez J, Perales Rodriguez De Viguri N.
Levosimendan for postoperative ventricular dysfunction following heart transplanta-
tion. Revista Espanola de Cardiologia. 2008;61(5):534-539. PMID: 18462658

Hsu DT, Spotnitz HM. Echocardiographic diagnosis of cardiac allograft rejection. Progress
in Cardiovascular Diseases. 1990;33:149-160. PMID: 2236563

253



254  Organ Donation and Transplantation - Current Status and Future Challenges

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

[81]

[82]

[83]

[84]

Schroeder ]S, Shao-Zhou G, Hunt SA, Stinson EB. Accelerated graft coronary artery
disease: Diagnosis and prevention. The Journal of Heart and Lung Transplantation.
1992;11:258-266. PMID: 1515448

Steib A, Freys G, Otteni JC. Anesthesia for non-specific surgery in a post-transplanta-
tion patient. Annales Francaises d'Anesthesie et de Reanimation. 1993;12:27-37. PMID:
8338262

Berberich JJ. Anesthesia for heart and heart-lung transplantation. In: Fabian JA, editor.
Anesthesia for Organ Transplantation. New York: JB Lippincott; 1992. pp. 1-19

McCarthy PM. Immediate postoperative care after thoracic organ transplantation.
In: Shumway SJ, Shumway NE, editors. Thoracic Transplantation. Oxford: Blackwell
Science; 1995. pp. 205-218

Glanville AR, Burke CM, Theodore ], Baldwin JC, Harvey J, Vankessel A, Robin ED.
Bronchial hyper-responsiveness after cardiopulmonary transplantation. Clinical Science.
1987;73:299-303. PMID: 3308288

Gelb AW, Sharpe MD. Organ transplantation: Anesthetic considerations for the pre-
viously transplanted patient. In: Benumof JL, editor. Anesthesiology Clinics of North
America. Philadelphia: WB Saunders; 1994. pp. 827-843

Wekerle T, Klepetko W, Wisser W, Senbaklavaci O, Artemiou O, Zuckermann A, Wolner E.
Incidence and outcome of major non-pulmonary surgical procedures in lung trans-
plant recipients. European Journal of Cardio-Thoracic Surgery. 1997;12:718-723. PMID:
9458142

Haddow GR. Anaesthesia for patients after lung transplantation. Canadian Journal of
Anaesthesia. 1997;44:182-197. PMID: 9043732. DOI: 10.1007/BF03013008

Boscoe M. Anesthesia for patients with transplanted lungs and heart and lungs. Inter-
national Anesthesiology Clinics. 1995;33:21-44. PMID: 7657379

Ponticelli C, Villa M. Role of anaemia in cardiovascular mortality and morbidity in
transplant patients. Nephrology, Dialysis, Transplantation. 2002;17(Suppl 1):41-46.
PMID: 11812911

Santos J, Martins LS. Estimating glomerular filtration rate in kidney transplantation: Still
searching for the best marker. World Journal of Nephrology. Jul 6, 2015;4(3):345-353.
DOI: 10.5527/wijn.v4.i3.345

Focosi D, Vistoli F, Boggi U. Rejection of the kidney allograft. The New England Journal of
Medicine. Feb 3,2011;364(5):485-486. Author reply 486. DOI: 10.1056/NEJMc10124404SA1

Marcén R. Immunosuppression and renal transplant rejection: Review of current and
emerging therapies. Journal of Clinical Investigation. 2011;1(6):859-877. DOI: 10.4155/
CLIL.11.49

Schmid S, Jungwirth B. Anaesthesia for renal transplant surgery: An update. European
Journal of Anaesthesiology. 2012;29:552-558. DOI: 10.1097/EJA.0b013e32835925fc



[85]

[86]

[87]

[88]

[89]

[90]

[91]

[92]

[93]

[94]

[95]

[96]

[97]

[98]

Anesthetic Considerations in Transplant Recipients for Nontransplant Surgery
http://dx.doi.org/10.5772/intechopen.74329

Sarin Kapoor H, Kaur R, Kaur H. Anaesthesia for renal transplant surgery. Acta
Anaesthesiologica Scandinavica. 2007;51:1354-1367. PMID: 17944639. DOI: 10.1111/
j-1399-6576.2007.01447 x

Eriksson ]S, Soderman C, Ericzon B-G, Eleborg L, Wahren ], Hedenstierna G. Norma-
lization of ventilation/perfusion relationships after liver transplantation in patients with

decompensated cirrhosis: Evidence for a hepatopulmonary syndrome. Hepatology.
1990;12:1350-1357. PMID: 2258151

Millikan Jr W], Henderson JM, Stewart MT, Warren WD, Marsh JW, Galloway JR,
Jennings H, Kawasaki S, Dodson TF, Perlino CA. Change in hepatic function, hemody-
namics, and morphology after liver transplant. Physiological effect of therapy. Annals of
Surgery. 1989;209(5):513-525. PMID: 2650642. PMCID: PMC1494074

Tisone G, Gunson BK, Buckels JA, McMaster P. Raised hematocrit: A contributing fac-
tor to hepatic artery thrombosis following liver transplantation. Transplantation. 1988;
46:162-163. PMID: 3293279

Larsen JL, Duckworth WC, Stratta RJ. Pancreas transplantation for type I diabetes mel-
litus. Postgraduate Medicine. 1994;96(3):105-111. DOI: 10.1080/00325481.1994.11945895

Knoll GA, Nichol G. Dialysis, kidney transplantation, or pancreas transplantation for
patients with diabetes mellitus and renal failure: A decision analysis of treatment options.
Journal of the American Society of Nephrology. 2003;14(2):500-515. PMID: 12538753

Hammel L, Sebranek J, Hevesi Z. The anesthetic management of adult patients with organ
transplants undergoing nontransplant surgery. Advances in Anesthesia. 2010;28(1):211-
244. DOI: dx.doi.org/10.1016/j.aan.2010.09.001

Pirson Y, Vandeleene B, Squifflet JP. Kidney and kidney-pancreas transplantation in dia-
betic recipients. Diabetes & Metabolism. 2000;26(Suppl 4):86-89. PMID: 10922978

Rickels MR. Recovery of endocrine function after islet and pancreas transplantation.
Current Diabetes Reports. 2012;12(5):587-596. DOI: 10.1007/s11892-012-0294-3

Loo L, Vrakas G, Reddy S, Allan P. Intestinal transplantation: A review. Current Opinion
in Gastroenterology. 2017;33(3):203-211. DOI: 10.1097/MOG.0000000000000358

Girlanda R, Desai C, Matsumoto C, Fishbein T. Lymphatic leak after intestinal transplan-
tation: Aspects of the donor technique. Progress in Transplantation. 2017;27(4):392-395.
DOI: 10.1177/1526924817732943

Nguyen-Buckley C, Wong M. Anesthesia for intestinal transplantation. Anesthesiology
Clinics. 2017;35(3):509-521. DOI: 10.1016/j.anclin.2017.04.007

Early C, Stuckey L, Tischer S. Osteoporosis in the adult solid organ transplant population:
Underlying mechanisms and available treatment options. Osteoporosis International.
2016;27(4):1425-1440. DOI: 10.1007/s00198-015-3367-8

Scalea JR, Menaker ], Meeks AK, Kramer ME, Kufera JA, Auman KM, Cooper M, Bartlett
ST, Scalea TM. Trauma patients with a previous organ transplant: Outcomes are bet-

ter than expected-a retrospective analysis. Journal of Trauma and Acute Care Surgery.
2013;74(6):1498-1503. DOI: 10.1097/TA.0b013e31828da918

255



256  Organ Donation and Transplantation - Current Status and Future Challenges

[99]

[100]

[101]

[102]

[103]

[104]

[105]

[106]

[107]

[108]

[109]

[110]

Barone GW, Sailors DM, Hudec WA, Ketel BL. Trauma management in solid organ
transplant recipients. The Journal of Emergency Medicine. 1997;15(2):169-176. PMID:
9144057

Tessier JM, Sirkin M, Wolfe LG, Duane TM. Trauma after transplant: Hold the antibiot-
ics please. Surgical Infections (Larchmt). 2013;14(2):177-180. DOI: 10.1089/sur.2012.058

Moaveni DM, Cohn JH, Hoctor KG, Longman RE, Ranasinghe JS. Anesthetic consider-
ations for the parturient after solid organ transplantation. Anesthesia and Analgesia.
2016;123(2):402-410. DOI: 10.1213/ANE.0000000000001391

Parikh BK, Shah VR, Bhosale G. Anesthesia for parturient with renal transplantation.
Journal of Anaesthesiology Clinical Pharmacology. 2012;28(4):524-527. DOI: 10.4103/
0970-9185.101948

McKay DB, Josephson MA, Armenti VT, August P, Coscia LA, Davis CL, Davison JM,
Easterling T, Friedman JE, Hou S, Karlix J, Lake KD, Lindheimer M, Matas AJ], Moritz
M]J, Riely CA, Ross LF, Scott JR, Wagoner LE, Wrenshall L, Adams PL, Bumgardner
GL, Fine RN, Goral S, Krams SM, Martinez OM, Tolkoff-Rubin N, Pavlakis M,
Scantlebury V. Women’s Health Committee of the American Society of transplantation.
Reproduction and transplantation: Report on the AST consensus conference on repro-

ductive issues and transplantation. American Journal of Transplantation. 2005;5:1592-
1599. DOI: 10.1111/j.1600-6143.2005.00969.x

Costantine MM. Physiologic and pharmacokinetic changes in pregnancy. Frontiers
in Pharmacology. 2014;5:65. PMID: 24772083. PMCID: PM(C3982119. DOI: 10.3389/
fphar.2014.00065

Casale JP, Doligalski CT. Pharmacologic considerations for solid organ transplant
recipients who become pregnant. Pharmacotherapy. 2016;36(9):971-982. DOI: 10.1002/
phar.1800

Gerosa M, Meroni PL, Cimaz R. Safety considerations when prescribing immunosup-
pression medication to pregnant women. Expert Opinion on Drug Safety. 2014;13:1591-
1599. PMID: 25189270. DOI: 10.1517/14740338.2014.951326

Riley ET. Obstetric management of patients with transplants. International Anes-
thesiology Clinics. 1995;33:125-140. PMID: 7657378

Merenda R, Gerunda GE, Neri D, Barbazza F, Di Marzio E, Meduri F, Valmasoni M,
Faccioli AM. Laparoscopic surgery after orthotopic liver transplantation. Liver
Transplantation. 2000;6(1):104-107. PMID: 10648587. DOI: 10.1002/1t.500060101

Fuller TF, Kang SM, Hirose R, Feng S, Stock PG, Freise CE. Management of lymphoceles
after renal transplantation: Laparoscopic versus open drainage. The Journal of Urology.
2003;169(6):2022-2025. PMID: 12771709. DOI: 10.1097/01.ju.0000063800.44792.61

Lucewicz A, Wong G, Lam VW, Hawthorne W], Allen R, Craig JC, Pleass HC. Manage-
ment of primary symptomatic lymphocele after kidney transplantation: A systematic
review. Transplantation. Sep 27, 2011;92(6):663-673. DOI: 10.1097/TP.0b013e31822a40ef



[111]

[112]

[113]

[114]

[115]

[116]

[117]

[118]

Anesthetic Considerations in Transplant Recipients for Nontransplant Surgery
http://dx.doi.org/10.5772/intechopen.74329

Zelones ], Biswas O, Mehran A. Laparoscopic sleeve gastrectomy after simultane-
ous pancreas-kidney transplant. The American Surgeon. 2012;78(5):613-614. PMID:
22546137

Varga M, Kudla M, Vargova L, Fronek J. Cholecystectomy for acute cholecystitis after
renal transplantation. Transplantation Proceedings. 2016;48(6):2072-2075. DOI: 10.1016/
j-transproceed.2016.02.079

Courcoulas AP, Kelly E, Harbrecht BG. Laparoscopic cholecystectomy in the transplant
population. Surgical Endoscopy. 1996;10:516-519. PMID: 8658330

Brownstein GM, Baker PA. Outpatient facility standards: What is necessary for sat-
isfactory outcomes?. Clinics in Plastic Surgery. 2013;40(3):363-370. DOI: 10.1016/j.cps.
2013.04.001

MT V, F N. Is aesthetic surgery safe in the solid organ transplant patient? An interna-
tional survey and review. Aesthetic Surgery Journal. 2016;36(8):954-958. DOI: 10.1093/
asj/sjw044

Sweis I, Tzvetanov I, Benedetti E. The new face of transplant surgery: A survey on
cosmetic surgery in transplant recipients. Aesthetic Plastic Surgery. 2009;33(6):819-826.
Discussion 827. DOI: 10.1007/s00266-009-9417-x

Marik PE, Varon ]. Requirement of perioperative stress doses of corticosteroids: A
systematic review of the literature. Archives of Surgery. 2008;14312:1222-1226. PMID:
19075176. DOI: 10.1001/archsurg.143.12.1222

Littlewood KE. The immunocompromised adult patient and surgery. Best Practice &
Research. Clinical Anaesthesiology. 2008;223:585-609. PMID: 18831305

257



ntechOpen

ntechOpen



