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ABSTRACT

End stage renal disease poolis everincreasing in India due to increased prevalence of type
2 diabetes mellitus which is often detected late when macrovascular and microvascular
complications of glycosylated haemoglobin have already set in. Postoperative cardiac
surgical patient also land up in ESRD as a sequelae of acute renal failure due to poor
perioperative optimization and inadequate control of blood pressure before surgery.
Sensitization and awareness created by NOTTO, ROTTO, SOTTO has increased the donor
pool especially from deceased brain stem dead donors and more and more donors are
available to the ESRD patients in the wait list waiting for organ transplantation. The
anesthesiologist plays a pivotal role in coordinating the transplantation programme
minimizing transplantation time after organ retrieval to ensure maximal graft survival.
The challenges faced by the anesthesiologists in conducting the renal transplant are
numerous due to multiorgan affection of the ESRD patient as well as potential drug
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INTRODUCTION

The incidence of Chronic Kidney Disease (CKD)
and End Stage Renal Disease (ESRD) is an ever
increasing phenomenon with a prevalence of CKD
being as high as 17.2%.! An increased number of
patients undergoing off pump coronary artery bypass
grafting and other cardiac surgeries in developing
countries like India where perioperative optimization
of blood pressure is not given adequate importance
land up in renal failure, toxic glomerulopathy leading
to dialysis requirement.? ESRD is the terminal stage
of CKD and the reported incidence in India is about
150 per million.? Kidney transplant is the treatment
of choice for ESRD after all modalities of conservative
renal failure treatment fail to arrest the progressive
renal failure giving the patient a better quality of
life, longer life span and reduced need for frequent
dialysis.*> First successful kidney transplantation
was done in identical twins in December 23, 1954
with minimal monitors used being noninvasive blood
pressure monitoring, electrocardiography under
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interaction with the anesthetic agents due to intensive immunosuppressant therapy.
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subarachnoid block by Dr. Joseph Murray.® The first
successful live donor renal transplant in India was
conducted by Johny and Mohan Rao in January 1971
in their published case series of five patients.” There
have been tremendous developments in surgical
techniques, improved immunosuppressive therapy
in the field of renal transplant since inception and
currently minimally invasive surgery and Robotic
Assisted Kidney Transplantation (RAKT) is being
utilized by some institutes with an intention to reduce
associated postoperative morbidity.® Some centres
also attempted total extra-peritoneal robot assisted
renal transplant recipient surgery (TERT) instead
of standard transperitoneal approach with good
postoperative graft function and survival.>!® There
are several contraindications to renal transplant as
enlisted in Table 1.

OUTCOME OF RENAL TRANSPLANT

Renal transplantation is the most effective method of
treating ESRD, leading to a decrease in death rate,
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Table 1: Contraindications to renal transplantation

Absolute | Relative
« Uncontrolled malignancy « Age > 65 years
« Active HIV infection « Active infection

« Life expectancy <2 years due | ¢ Chronic liver disease, cirrhosis,
to other illness active hepatitis

Active substance abuse

Active TB, ATD therapy

COPD

Severe diffuse atherosclerotic

disease

* Morbid obesity

* Psychosocial or behavioural
abnormalities

reduced cardiovascular complications and improved
quality of life, compared to patient on sequential
periodic dialysis.!! Graft survival rate in cadaver
kidney and living kidney transplant recipient at 3
years are > 82% and 90% respectively.!? Postoperative
delayed graft function is defined as failure of the
kidney allograft to function immediately in the first
7 days of transplantation with a increased need for
dialysis and has been noticed in 1% to 7% in living-
donor kidney transplantation and 20% to 60% in
deceased-donor kidney transplantation.'®!® There are
several factors leading to delayed postoperative graft
function as enlisted in Table 2.

About 6 to 10%renal transplant recipients experienced
cardiovascular complication.?

The functional outcome of RAKT and open kidney
transplantation was found to be similar. The robotic
assisted surgery was found to be less invasive,
associated with less postoperative pain and with
postoperative shorter drain removal time. The
learning curve in RAKT has been found to be short
and surgical competence was found to be achieved
for rewarming time within 9 cases only, proficiency
within 16 cases and mastery within 21 cases.?!

THE TRANSPLANT TEAM AND ROLE OF
THE ANESTHESIOLOGIST

Table 2: Postoperative delayed graft function after renal transplant [13-19]

Mechanism Diagnosis

* Ischemia-reperfusion injury

* Graft rejection

* Prolonged warm and cold
ischemia,

* Nephrotoxic drugs

Increased need for dialysis,
Diuresis

Rising plasma creatinine
Serum and urine Neutrophil
gelatinase-associated lipocalin
(NGAL)

The best strategy to conduct a renal transplantation
incorporates Organization by the practicing institute
of a dedicated multidisciplinary transplant program
team including doctors, nurses and paramedical stuffs
from all respective faculties with proper knowledge
and skills necessary to conduct the transplantation
procedure with proper communication, management
and appropriate care. The heart of the renal transplant
programme both cadaveric as well as living donor lies
on the skills and acumen of the transplant coordinator.
The cadaveric renal transplant donor pool in India is
much less with compared to Spain which leads the
world in the field of cadaveric organ donation and
transplantation.”? The Transplantation of Human
Organs Act (Passed in 1994, amended in 2011 and
rules were notified in 2014) of Government of India
has mandated the presence of a permanent transplant
coordinator in centres conducting renal transplant
(both cadaveric and live donor ) related and unrelated
in the renal transplant unit.?>?* The anesthesiologist
can supervise better the conduction and coordination
of renal transplantation both cadaveric and live
donor transplantation if he or she undergoes
transplant coordinators training programme which
is conducted biannually by National Organ & Tissue
Transplant Organization (NOTTO), an autonomous
body which regulates free and fair organ allocation
and transplantation in India as well as creating
awareness and motivation about organ donation
after brain stem death as well as cardiovascular
death. The role of anesthesiologist is of paramount
importance in this aspect to serve as the intermediate
coordinator among all the respective departments
and maintain effective communication thereby save
valuable time after organ harvesting and conducting
transplantation which ensures a better graft function
postoperatively, duly respecting the warm and the
cold ischemic time of the kidney. Therefore the
anesthesiologist plays a pivotal role in a transplant
team who maintains smooth simultaneous operation
of all respective fields in the perioperative period and
ensures appropriate care of
the recipient as well as the
donor.

DONOR

1. Preoperative evaluation :

Predictors

Older donors (>50 years),
Genetically unrelated donors,
High recipient body mass
index,

Pre-transplant dialysis,
Transplantation of the right
kidney

Female donors to male
recipients transplantation
Cold ischemia time more than
24h

Donor safety is of
paramount importance to
the anesthesiologist during
graft harvesting. However
the Govt. of India, in
order to streamline organ
allocation transplantation
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has mandated certain legal formalities to be fulfilled
for living donor transplantation as well as diseased
donor transplantation. This in term will reduce
if not eliminate the unethical practices in the
process of organ allocation and transplantation in
India especially in deceased donor and brain stem
dead donor transplantation. Directorate General
of Health Services (DGHS), Ministry of Health &
Family Welfare, Government of India has provided
a legal framework necessary to establish brain death,
followed by organ donation. The Transplantation of
Human Organs Act (THOA) was passed in 1994 and
the subsequently amended in 2011 and rules were
established in 2014 in India to form the legislative
foundation for brain death and organ donation.?>*

Both in live donor and cadaveric donor, obtaining a
detailed informed consent from appropriate person
before proceeding to any further step is of utmost
importance for ethical as well as medicolegal purpose.

Most of the donors belong to ASA I and II. Complete
preanesthetic assessment should be performed
including complete history, physical examination,
laboratories studies with special attention to renal
system (complete hemogram, FBS/PPBS,
urea/creatinine, serum electrolyte, LFTs,
coagulation profile, CXR, 12 lead ECG and
echocardiography). It is also advisable to obtain
psychiatric evaluation of the donor, mental .
fitness and his ability to understand to undergo )
the minimal risk of the operation.”® There are :
several techniques for living donor kidney .
harvesting enlisted in Table 3. .

lateral decubitus position with varying flexion of the
table for adequate access to donor kidney. Special
attention should to be taken during positioning to
prevent pressure necrosis, airway and venous access
compromise. Maintenance of adequate perfusion
pressure and sufficient fluid administration (10-20
ml/kg/hour) should be done with aim of maintaining
a urine output of >2 ml/kg/hour. Mannitol 12.5-
25 gram g/kg, given 15 minutes before clamping
of renal artery is associated with improved kidney
preservation.”? Loop diuretic such as furosemide
20-40 mg can also be used. Furosemide maintains
natriuresis, decreases renal oxygen consumption by
inhibition Na-K ATPase in the ascending limb of
loop of henle and proximal convoluted tubule.?’-®
Protective interventions including atrial natriuretic
peptide-analogues, dopamine and fenoldopam have
also been tried.>** Use of systemic heparinization
prior to arterial clamping is controversial with some
studies showing no benefit.32%

3. Considerations for laparoscopic living
donor nephrectomy:

Patients undergoing laparoscopic procedure have

Table 3: Surgical techniques for living donor nephrectomy?

Surgical techniques for living donor nephrectomy?

Open living donor nephrectomy - transperitoneal or retroperitoneal approach
Minimal incision open nephrectomy

Laparoscopic living donor nephrectomy

Hand assisted laparoscopic living donor nephrectomy

Hand assisted retroperitoneoscopic surgery (HARS)

Robot assisted living donor nephrectomy

2. Perioperative management:

There are several goals for
perioperative management for living
donor organ harvest?3! enlisted in

Allaying anxiety
Table 4

Table 4: Goals of anesthesia management of donor?™'

Mechanism Diagnosis

Alprazolam on night before surgery
Midazolam on the morning of surgery

Most commonly general anesthesia
with supplemental regional or local
anesthesia is chosen. Standard ASA

Stable hemodynamics

Systolic blood pressure 130 to 160 mm of Hg
Liberal hydration

Central venous pressure between 10-15 mm of Hg
Mean pulmonary artery pressure of 18-20 mm of Hg

monitoring is used including Non
invasive blood pressure monitoring,
5 lead ECG, ETCO2, SPO2,

response

Elimination of surgical stress

Opioids
Epidural analgesia
Preemptve analgesia

Temperature and urine output.
Invasive monitoring in donor is
reserved for complicated donors

Maintenance of renal blood flow

Stable hemodynamics
Blood volume greater than 70ml/kg
Plasma volume greater than 45ml/kg

including patients with comorbidities
such as symptomatic coronary artery
disease or history of congestive heart

ka/hr

Maintain of urine output > 2 ml/

Liberal hydration

Balanced salt solution alternating with normal saline
Mannitol

Diuretics

failure and obesity.?’ Invasive arterial
line is placed before or after induction
of anesthesia. Patient is placed in

Adequate postoperative analgesia

Patient controlled analgesia (PCA)
Epidural
Multimodal analgesia
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shorter hospital stay and faster recovery compared
to open surgery.>* There are higher concerns for
deterioration renal function in patients undergoing
laparoscopic donor nephrectomy due to creation of
pneumoperitoneum and increased Intra Abdominal
Pressure (IAP) of 15-20mmhg has been shown to
decrease GFR, renal blood flow and leads to transient
decrease in urine output. increased IAP over 15 mm
hg can also lead to decreased cardiac output which
decreased perfusion to the kidneys.*> The decrease in
renal function during pneumoperitoneum depends
on IAP, volume status of the patient, degree of
hypercarbia and baseline renal function. To offset this
effect the aim is to maintain adequate renal perfusion
pressure and adequate volume infusion.3® Borg
et al recommended overnight infusion of crystalloid
and bolus of colloid infusion before starting
pneumoperitoneum which resulted in higher urine
output and stroke volume.” A well targeted mean
arterial pressure >70 mmhg and urine output >
100 ml/hour during pneumoperitoneum maintains
adequate renal perfusion pressure.’*

4. Postoperative pain management:

Postoperative pain management is important
particularly in open surgery where pain from large
incision interferes in breathing. In case of laparoscopic
surgery the origin of pain is from the tissue
dissection, port site pain, low abdominal incisions to
retrieve the kidney, pelvic organ nociception as well
as from the diaphragmatic irritation due to residual
pneumoperitoneum.* Patient Controlled Analgesia
(PCA) with fentanyl is commonly used for pain
control. Other options include thoracic paravertebral
block, Transversus Abdominis Plane (TAP) block,
epidural analgesia with or without continuous

Table 5: Clinical problems in patient with end stage renal disease?’

infusion of local anesthetic, local infiltration of
long-Acting local anesthetics agents, intravenous
paracetamol etc.** A multimodal balanced analgesia
regimen is safe and provides the best post operative
pain relief and decreases the opioid requirement post
operatively.**> NSAIDs are usually avoided because
of concern regarding their potential nephrotoxicity.

THE KIDNEY RECIPIENT
1. Perioperative management:

In India, the patients requiring renal transplantation
far exceeds the number of transplantation
annually.** Therefore, it is important for the
practising institute to maintain an updated registry
for patients requiring renal transplantation and
to communicate via an organ sharing network for
selection of the most appropriate patient in terms of
serocompatibility whenever a brain stem dead donor
is available. This work at the national level in India
is regulated by National Organ & Tissue Transplant
Organization (NOTTO) with Five Regional Organ
and Tissue Transplant Organization (ROTTO)
functioning in different geographical zones in India
catering to their respective zonal states and State
Organ and Tissue Transplant Organization (SOTTO)
in the states who have taken up deceased donor
organ transplant incipiently.?* The serocompatibility
is assessed by ABO compatibility, HLA matching
and testing of donor T cells against stored recipient
serum.?® The recipients of renal transplantation are
often posted for surgery on urgent or emergency
basis depending on availability of organ in case of
brain dead organ transplantation. In such cases rapid
assessment of the recipient by the anesthesiologist,
transplant surgeon and the nephrologist is essential
for earliest planning for surgery, fast
and precise preoperative optimization
and to reduce the ischemia time.

System Clinical problems The patient with ESRD posted

for transplantation is a challenge
anesthesiologist because of

Cardiovascular Atherosclerosis; Hypertension; Coronary artery disease;
Arrhythmias; Cardiomyopathy; Congestive cardiac to
failure; Pericarditis; Pericardial effusion

Respiratory Pulmonary edema; Pleuritic; Pleural effusion;
Pneumonia; Atelectasis

Hematology Normocytic normochromic anaemia; Impaired platelet
function

Liver Hepatitis; Hypoalbuminemia

Gastrointestinal Peptic ulcer disease; Nausea; Vomiting; Pancreatitis

Immunological Impaired immunity; Wound healing

Endocrine Glucose intolerance; Secondary hyperparathyroidism

Musculoskeletal Renal osteodystrophy; Metastatic calcification

Nervous System Peripheral neuropathy; Seizures; Coma; Autonomic
neuropathy
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comorbidities associated with ESRD.
The clinical challenges in a patient
with ESRD involve almost every
major organ system as enlisted in
Table 5.

2. Preoperative
assessment and optimization:

Patients posted for renal transplant
need to have complete routine
investigations done including
complete blood counts, coagulation
profile, liver function tests, urea,
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creatinine, electrocardiography, chest radiogram and
echocardiography.?’-* All patients with ESRD need to
be investigated for coronary artery disease particularly
patients with diabetes mellitus.”’ Dobutamine
stress echocardiogram is especially useful in high
risk patients.””* Anemia is a common problem in
patients posted for renal transplant with ESRD.
Recombinant erythropoietin (EPO) is widely used for
patients of chronic renal failure leading to quick rise
of hemoglobin to target level at least 10 g/dl which
decreases postoperative transfusion requirement.®
EPO can lead to worsening of hypertension and
increased incidence of cerebrovascular accidents.*
Most patients on hemodialysis will require
preoperative dialysis within 24 hours prior to surgery
on the basis of metabolic and fluid abnormalities
to reduce risk of hypervolemia, hyperkalemia and
increased bleeding. Hypovolemia post dialysis should
be avoided by keeping post dialysis weight near to
the dry weight of the patient. ¥ These patients have
delayed gastric emptying because of stress, uremia,
diabetes mellitus etc which requires prophylactic
administration of H2 receptor antagonists,
proton pump inhibitors and prokinetic drugs like
metoclopramide and may require rapid sequence
induction.”® Magnesium and aluminum containing
antacids should be avoided in patients with ESRD
because of accumulation and toxicity in the presence
of low GFR and low renal perfusion pressure.

These patients are more susceptible to infection
because of uremia, associated comorbidities like
diabetes, coupled to donor related acquired infection
and therapeutic immunosuppression. Therefore,
broad spectrum antibiotic should be administered
prior to surgery. First generation cephalosporin or if
penicillin allergic, vancomycin may be considered for
antibiotic prophylaxis.?”’

Antihypertensive and antianginal medications
are to be continued till morning of surgery. Oral
hypoglycaemic agents are discontinued on the day of
surgery with conversion to regular insulin regime.

3. Surgical approaches for Kkidney

transplantation:

There are several surgical approaches for kidney
transplantation in the recipient after organ harvesting
from the donor which have undergone up gradation
with advances in technology; the most advanced
being robotic technique for kidney transplantation.
The several approaches include the following:

e Conventional Open kidney transplant - using an
abdominal incision 15-25 cm in length.

e Minimal Incision Kidney Transplantation
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(MIKT) - this uses a smaller 5-9 cm incision
resulting in reduced requirement of postoperative
analgesia and better cosmetic healing.

* Laparoscopic technique for kidney
transplantation - first attempted in 2009 by
rosales et al. using 7 cm incision for kidney
placement and 3 extra port sites.*

* Robotic technique for kidney transplantation -
recent advancement.*

4. Anesthesia considerations in recipient:

Commonly general anesthesia is used for renal
transplantation?-?®  although cases of renal
transplantation under regional anesthesia have
been reported.’*! Standard ASA monitoring is
recommended. Patients may require invasive
monitoring in the form of central venous line (fluid
status assessment) and invasive blood pressure
monitoring. In patients with coronary artery disease
and cardiomyopathies pulmonary artery pressure
monitoring and transesophageal echocardiography
may also be used.?’*

In case of presence of arteriovenous fistula or
hemodialysis shunts, the said limb should be
examined for infection, redness, edema, soreness,
warmth, patency and presence of distal pulses.”
The particular limb with such shunts should not
be used for fluid administration. The fistula should
be carefully padded and patency should be checked
intermittently throughout the procedure. During
patient transfer and positioning great caution should
be practised as there is risk of pathological fracture in
renal failure patients.

Rapid sequence induction is commonly practised
after proper preoxygenation. These patients have low
levels of albumin due to plasma volume expansion,
albumin redistribution, exogenous loss (in peritoneal
dialysis patients), and decreased albumin
synthesis.’* Low blood albumin level predisposes
to increased free fraction of drugs. Uremia leads to
disruption of blood brain barrier. Hence there occurs
an increase in level of unbound drugs crossing the
blood brain barrier leading to exaggerated effect of
the anesthetic agents. Dose modification of drugs
is essential also in view of volume status, acid base
status, and increased sensitivity of central nervous
system to drugs.

Induction with thiopentone, propofol or etomidate
using slow titrated doses can be done.

Succinylcholine should be used with caution as it can
lead to hyperkalemia, especially in patients with high
initial potassium levels (>5 meq/1).”” For this reason
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non depolarizing muscle blockers are commonly
used. Atracurium, Cisatracurium, vecuronium,
rocuronium and mivacurium can be safely used. RSI
may need to be modified accordingly. Short acting
beta blockers like esmolol or short acting opioids like
fentanyl or remifentanil should be used to prevent
surge during laryngoscopy.

Maintenance of anesthesia can be achieved using
either inhalation agents like isoflurane, sevoflurane,
desflurane or intravenous propofol. Isoflurane is
commonly considered agent of choice as minimal
amount of it is metabolised and there is reduced
production of fluoride ions, though studies have
failed to show advantage of one agent over the
other.’*> Analgesia can be maintained using fentanyl
or remifentanil. Morphine should be carefully used
as morphine-6-glucuronide, its active metabolite can
accumulate and can lead to respiratory depression.

4A. Perioerative fluid management:

The goal of perioperative fluid management is
maintenance of adequate intravascular volume and
sufficient perfusion to the transplanted kidney as
hypotension due to depleted intravascular volume
can lead to acute tubular necrosis (ATN) which is a
major factor in graft dysfunction.’®’ After removal of
vascular clamp, large blood volume is directed to the
transplanted kidney, resulting in hypotension. There
also occurs release of mediators from the ischemic
kidney which causes vasodilation. These patients
are prone due hypovolemia as a result of excess fluid
removal during dialysis and due to perioperative
fasting. This is masked in awake patients because of
compensatory autonomic responses. Its traditionally
recommended to maximize graft function by
aggressive fluid management ( upto 30 ml/kg/h and
central venous pressure >15 mm hg) with caution
in cardiac patients [S8]. A restrictive hydration
regimen was shown by Gasperi et al with target CVP
of 7-9mm hg of being equally effective in maintaining
graft patency (crystalloids 2400 = 1000 mL, 15 mL/
kg/h).> Some institutions recommend that change
in CVP is more reliable for fluid administration,
with a rise of > 7mm after fluid bolus indicating
maximal intravascular volume.”” CVP and PAP
are static markers of fluid responsiveness and are
generally not considered reliable.”® Transesophageal
Echocardiography (TEE) can also be used to monitor
the intravascular volume. A study compared the
utility of TEE versus CVP in guiding fluid therapy
in renal transplant patients and found that TEE was
equally effective as CVP in achieving equivalent
graft function while requiring lower amount of fluid
administration.”® However TEE does not provide
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continuous monitoring of fluid status and its utility is
limited by higher learning curve. Dynamic measures
of patients fluid responsiveness (systolic pressure
variation (SPV), pulse pressure variation (PPV) and
stroke volume variation (SVV)) are better predictors
than static methods.®® SVV was found to be a better
predictor of volume responsiveness in patients
undergoing renal transplant as compared to CVP and
PAP®2 The disadvantage of SVV is that it can only
be used in mechanically ventilated patients.

Timing of fluid administration may also be
important. Othman et al compared a biphasic regimen
maintaining a CVP of 5 mmhg in pre ischemic phase
and 15 mmhg in ischemic phase with a constant
infusion of 10-15 ml/kg/hour. They found better early
graft function with biphasic regimen.*

Isotonic crystalloids are generally preferred for
volume replacement like ringer lactate, plasmalytes,
normal saline although normal saline can lead to
hypochloremic acidosis but its effect on graft outcome
is not known.® % Potura et al compared 0.9% saline
with acetate buffered balanced crystalloid solution
in patients undergoing renal transplant. They did
not find any significant difference in incidence of
hyperkalemia in the two groups and found lower
percentage of patients required inotropes in balanced
crystalloid group.%

Hadimioglu et al concluded that among the different
crystalloids, plasmalyte cultivated the best metabolic
profile of the patients.*’

Colloids canalsobeused tomaintain the hemodynamic
goals, these include natural colloids like albumin and
synthetic like dextrans, gelatins etc. When compared
to crystalloids, albumin does not offer any advantage,
while being considerably expensive.®*® Role of
gelatins and dextran is not clearly established and
should be used with caution.

To boost kidney function after completion of
anastomosis, mannitol is used commonly. Mannitol
induced osmotic diuresis and also has protective
effect on tubular cells of transplanted kidney
against ischemic injury. It enhances the release of
vasodilatory prostaglandins in the kidney and may
also act as a free radical scavenger.”®’! In most centres
mannitol is generally administered at the time of
release of anastomosis, however effect of of mannitol
in graft function is not clear.”” Furosemide exerts its
effects on thin ascending limb of Henle. It also causes
a decrease in renal O2 consumption by inhibiting
Na-K ATPase. It is given during the vascular
anastomosis to stimulate diuresis although it is
unknown whether it is actually beneficial in improving
early function.”? Dopamine infusion is controversial as
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it has not shown any benefit in studies.”>”*

4B. Anesthesia considerations in laparoscopic
renal transplant:

Patients are placed in trendelenburg position and
pneumoperitoneum is created which has adverse
effect on cardiovascular, renal and respiratory
function. The IAP should be kept below 12 mmHg
to maintain adequate cardiac output. CVP in these
patients becomes even more unreliable marker for left
ventricular filling pressure. It has been suggested that
rise in CVP occurs because of increased intrathoracic
pressure, which should be kept in mind while using
CVP for fluid for guiding fluid management.”

The effect on respiratory system can be minimized
by increasing the respiratory rate to increase minute
ventilation to washout excessive CO,.

5. Perioperative immunosuppressive therapy
in the recipient:

In India several centres use varied regimen of
immunosuppressive therapy to decrease the incidence
of graft rejection. The use of immunosuppressant is
conventionally divided into three phases based on
time:

The induction therapy is the first phase which is
initiated in the recipient before and during the first
week of completion of transplant with a goal in mind
to provide maximal possible immunosupression to the
recipient to with potent drugs such as thymoglobulin,
OKT3, daclizumab, or basiliximab, to minimize the
incidence of acute and hyperacute graft rejection.
The maintenance therapy is the pivotal second
phase which involves continuous administration
of immunosuppressive drugs such as steroids,
calcineurin inhibitors (e.g., cyclosporin, tacrolimus),
target of rapamycin (TOR) inhibitors (e.g.,
sirolimus, everolimus), polyclonal antibodies (e.g.,
antilymphocyte globulin), monoclonal antibodies
(e.g., interleukin 2, daclizumab, basiliximab) and
purine synthesis inhibitors like azathioprine; for a
variable period of three to six months with a goal to
prevent acute graft rejection and to induce tolerance
of the recipient to the transplanted kidney. The third
and the final phase involves long term controlled
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immunosupression with suitable immunosupressants
along with infection prevention with appropriate
minimally nephrotoxic antibiotics if required for the
rest of the recipient’s lifespan.” If such a recipient
undergoes any major surgery involving use of
general anesthesia along with muscle relaxants due
consideration has to be given to potential interaction
of the anesthetic agents with the drugs used for
immunosupression.

6. Postoperative pain management:

Choice of intraoperative anesthesia influences the
post operative pain control. Patients who received
propofol had lower pain scores after surgery.

PCA with fentanyl is commonly used for post
operative pain control. Epidurals may be used
carefully avoiding excessive vasodilation and
hypotension. TAP and paravertebral blocks can also
be used. NSAIDS are to be avoided.

CONCLUSION

End stage renal disease pool is ever increasing
in India due to increased prevalence of type 2
diabetes mellitus which is often detected late when
macrovascular and microvascular complications
of glycosylated haemoglobin have already set in.
Postoperative cardiac surgical patient also land up in
ESRD as a sequelae of acute renal failure due to poor
perioperative optimization and inadequate control
of blood pressure before surgery. Sensitization and
awareness created by NOTTO, ROTTO, SOTTO has
increased the donor pool especially from deceased
brain stem dead donors and more and more donors are
available to the ESRD patients in the wait list waiting
for organ transplantation. The anesthesiologist plays
a pivotal role in coordinating the transplantation
programme minimizing transplantation time after
organ retrieval to ensure maximal graft survival.
The challenges faced by the anesthesiologists in
conducting the renal transplant are numerous due to
multiorgan affection of the ESRD patient as well as
potential drug interaction with the anesthetic agents
due to intensive immunosuppressant therapy.

Conflect of interest: Nil

ANAESTH, PAIN & INTENSIVE CARE; VOL 22(3) JUL-SEP 2018



anesthesia management of renal transplantation: an update

REFERENCES

1.

10.

11.

390

Murray JE. Ronald lee herrick memori-
al: june 15, 1931-december 27, 2010.
AmJTransplant.2011;11(3):419.DOI:
10.1111/1.1600-6143.2011.03445.x
PubMed

Kar SK. Renal dysfunction after off-
pump coronary artery bypass graft-
ing surgery: Are the current guide-
lines too relaxed and deliberately
extrapolated? J Integr Nephrol Androl.
2017;4(4):113-4. DOI: 10.4103/jina.
jina_17_25

Strom TB. The improving utility of re-
nal transplantation in the management
of end-stage renal disease. Am J Med.
1982;73(1):105-24. DOI: 10.1016/
S0022-5347(17)52008-X [PubMed
Levey AS. The improving prognosis
after kidney transplantation. New
strategies to overcome immuno-
logic rejection. Arch Intern Med.
1984;144(12):2382-7. [PubMed

De Gasperi A, Narcisi S, Mazza E,
Bettinelli L, Pavani M, Perrone L,
et al. Perioperative fluid manage-
ment in kidney transplantation: is
volume overload still mandatory
for graft function? Transplant Proc.
2006;38(3):807-9. DOI: 10.1016/j.
Gill J, Bunnapradist S, Danovitch GM,
Gjertson D, Gill JS, Cecka M. Out-
comes of kidney transplantation from
older living donors to older recipients.
Am J Kidney Dis. 2008;52(3):541-
52. DOI: 10.1053/j.ajkd.2008.05.017
PubMed

Acharya VN. Status of renal transplant
in india--may 1994. J Postgrad Med.
1994;40(3):158-61. [PubMed] [Free
Full Text

Bruyére F, Doumerc N. Robotic kidney
transplantation: dream or future? Curr
Opin Urol. 2018;28(2):139-142. DOI:
10.1097/MQ0U.0000000000000476
PubMed

Raveendran V, Koduveli RM, John R,
Varma D, Adiyat KT. Total extraperito-
neal robot assisted laparoscopic renal
transplant recipient surgery. J Robot
Surg. 2018. DOI: 10.1007/s11701-
018-0785-6 [PubMed

Adiyat KT, Vinod KK, Vishnu R, Ra-
maprasad MK, Unni VN, John RP
Robotic-assisted renal transplanta-
tion with total extraperitonealization
of the graft: experience of 34 cases.
J Robot Surg. 2018;12(3):535-40.
DOI:  10.1007/s11701-018-0781-x
PubMed

Ojo AO, Hanson JA, Meier-Krigsche

12.

13.

14.

15.

16.

17.

18.

19.

H, Okechukwu CN, Wolfe RA, Leich-
tman AB, et al. Survival in recipients
of marginal cadaveric donor kidneys
compared with other recipients and
wait-listed transplant candidates. J
Am Soc Nephrol. 2001;12(3):589-97.
PubMed] [Free Full Text

O’Brien B, Koertzen M. Anaesthe-
sia for living donor renal transplant
nephrectomy. Continuing Education
in Anaesthesia Critical Care & Pain.
2012;12(6):317-21. DOI: 10.1093
bjaceaccp/mks040

Mishra S, Gupta G, Moinuddin I, Strife
B, Prasad U, Massey D, etal. Prolonged
delayed renal graft function second-
ary to venous hypertension. Trans-
plant Direct. 2017;3(10):e214. DOI:
10.1097/TXD.0000000000000726
PubMed

Maier HT, Ashraf MI, Denecke C,
Weiss S, Augustin F Messner F, et
al. Prediction of delayed graft func-
tion and long-term graft survival by
serum and urinary neutrophil gela-
tinase-associated lipocalin  during
the early postoperative phase after
kidney transplantation. PLoS One.
2018;13(1):e0189932. DOI: 10.1371/
journal.pone.0189932 [PubMed]
Yarlagadda SG, Coca SG, Garg AX,
Doshi M, Poggio E, Marcus RJ, et al.
Marked variation in the definition and
diagnosis of delayed graft function: a
systematic review. Nephrol Dial Trans-
plant. 2008;23(9):2995-3003. DOl
10.1093/ndt/gfn158 [PubMed
Schulz T, Pries A, Kapischke M. De-
layed graft function 5 months after
living donor kidney transplantation.
Am J Case Rep. 2016;17:120-
3. DOI; 10.12659/AJCR.895806
[PubMed] [Free Full Text]

Bronzatto EJ, da Silva Quadros KR,
Santos RL, Alves-Filho G, Mazzali M.
Delayed graft function in renal trans-
plant recipients: risk factors and im-
pact on 1-year graft function: a single
center analysis. Transplant Proc.
2009;41(3):849-51. DOI: 10.1016/i.
transproceed.2009.02.004 [PubMed
Boom H, Mallat MJ, de Fijter JW,
Zwinderman AH, Paul LC. Delayed
graft function influences renal func-
tion, but not survival. Kidney Int.
2000;58(2):859-66. [PubMed] [Free
Full Text

Schmid S, Jungwirth B. Anaes-
thesia for renal transplant surgery:
an update. Eur J Anaesthesiol.
2012;29(12):552-8. DOI: 10.1097/

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

EJA.0b013e32835925fc [PubMed]

De Gasperi A, Narcisi S, Mazza E,
Bettinelli L, Pavani M, Perrone L,
et al. Perioperative fluid manage-
ment in kidney transplantation: is
volume overload still mandatory
for graft function? Transplant Proc.
2006;38(3):807-9. DOI: 10.1016/i.
transproceed.2006.01.072 [PubMed
Ahlawat R, Tugcu V, Arora S, Wong
P Sood A, Jeong W, et al. Learning
curves and timing of surgical trials:
robotic kidney transplantation with
regional hypothermia. J Endourol.
2018. DOI; 10.1089/end.2017.0697

PubMed
Pandit RA. Brain death and organ

donation in india. Indian J Anaesth.
2017;61(12):949-951. DOI: 10.4103/
ija.lJA_729 17 [PubMed]

Srivastava A, Mani A. Deceased or-
gan donation and transplantation
in india: promises and challenges.
Neurol India. 2018;66(2):316-22.
DOl 10.4103/0028-3886.227259
PubMed

National Organ Transplant Program.
Director General of Health Services In-
dia. Available from: http://www.dghs.
gov.in . [Last accessed on 2018 May
18].

Wolf JS Jr, Tchetgen MB, Merion
RM. Hand-assisted laparoscopic
live donor nephrectomy. Urology.
1998;52(5):885-7. [PubMed

Widmer JD, Schlegel A, Kron P
Schiesser M, Brockmann JG, Muller
MK. Hand-assisted living-donor ne-
phrectomy: a retrospective compari-
son of two techniques. 2018;18(1):39.
DOl 10.1186/s12894-018-0355-2

PubMed
Baxi V, Jain A, Dasgupta D. Anaesthe-

sia for renal transplantation: an update.
Indian J Anaesth. 2009;53(2):139-47.
[PubMed] [Free Full Text]

Rabey PG. Anaesthesia for renal
transplantation. BJA CEPD Reviews.
2001;1(1): 24-7. DOI: 10.1093/bja-
cepd/1.1.24

Andrews PM, Cooper M, Verbesey J,
Ghasemian S, Rogalsky D, Moody P,
et al. Mannitol infusion within 15 min
of cross-clamp improves living donor
kidney preservation. Transplantation.
2014;98(8):893-7. DOI: 10.1097/
TP0000000000000154 [PubMed]
Smits P Huysmans F, Hoitsma A,
Tan A, Koene R. The effect of alpha-
human atrial natriuretic peptide on
the incidence of acute renal failure

ANAESTH, PAIN & INTENSIVE CARE; VOL 22(3) JUL-SEP 2018


https://doi.org/10.1111/j.1600-6143.2011.03445.x
https://www.ncbi.nlm.nih.gov/pubmed/?term=Murray+JE.+Ronald+Lee+Herrick+Memorial%3A+June+15%2C+1931+am+j
http://www.journal-ina.com/article.asp?issn=2394-2916;year=2017;volume=4;issue=4;spage=113;epage=114;aulast=Kar
http://www.journal-ina.com/article.asp?issn=2394-2916;year=2017;volume=4;issue=4;spage=113;epage=114;aulast=Kar
https://doi.org/10.1016/S0022-5347(17)52008-X
https://doi.org/10.1016/S0022-5347(17)52008-X
https://www.ncbi.nlm.nih.gov/pubmed/?term=he+improving+utility+of+renal+transplantation+in+the+management+of+end-stage+renal+disease.+Am+J+Med.
https://www.ncbi.nlm.nih.gov/pubmed/?term=the+improving+prognosis+after+kidney+transplantation.+New+strategies+to+overcome+immunologic+rejection.+Arch+Intern+Med
https://doi.org/10.1016/j.transproceed.2006.01.072
https://doi.org/10.1016/j.transproceed.2006.01.072
https://www.ncbi.nlm.nih.gov/pubmed/?term=Perioperative+fluid+management+in+kidney+transplantation%3A+is+volume+overload+still+mandatory+for+graft+function%3F+Transplant+Proc
https://doi.org/10.1053/j.ajkd.2008.05.017
https://www.ncbi.nlm.nih.gov/pubmed/18653267
https://www.ncbi.nlm.nih.gov/pubmed/18653267
https://www.ncbi.nlm.nih.gov/pubmed/?term=Status+of+renal+transplant+in+India--May+1994.+J+Postgrad+Med
http://www.jpgmonline.com/article.asp?issn=0022-3859;year=1994;volume=40;issue=3;spage=158;epage=61;aulast=Acharya
http://www.jpgmonline.com/article.asp?issn=0022-3859;year=1994;volume=40;issue=3;spage=158;epage=61;aulast=Acharya
https://doi.org/10.1097/MOU.0000000000000476
https://www.ncbi.nlm.nih.gov/pubmed/29303915
https://doi.org/10.1007/s11701-018-0785-6
https://doi.org/10.1007/s11701-018-0785-6
https://www.ncbi.nlm.nih.gov/pubmed/29417394
https://doi.org/10.1007/s11701-018-0781-x
https://www.ncbi.nlm.nih.gov/pubmed/?term=Robotic-assisted+renal+transplantation+with+total+extraperitonealization+of+the+graft%3A+experience+of+34+cases.+J+Robot+Surg
https://www.ncbi.nlm.nih.gov/pubmed/?term=Survival+in+recipients+of+marginal+cadaveric+donor+kidneys+compared+with+other+recipients+and+wait-listed+transplant+candidates.+J+Am+Soc+Nephrol
https://pdfs.semanticscholar.org/e662/c99b1eae58c7ed6cfdf6a240f720b97e39a0.pdf
https://doi.org/10.1093/bjaceaccp/mks040
https://doi.org/10.1093/bjaceaccp/mks040
https://doi.org/10.1097/TXD.0000000000000726
https://www.ncbi.nlm.nih.gov/pubmed/?term=Prolonged+Delayed+Renal+Graft+Function+Secondary+to+Venous+Hypertension.+Transplant+Direct
https://doi.org/10.1371/journal.pone.0189932
https://doi.org/10.1371/journal.pone.0189932
https://www.ncbi.nlm.nih.gov/pubmed/?term=Prediction+of+delayed+graft+function+and+long-term+graft+survival+by+serum+and+urinary+neutrophil+gelatinase-associated+lipocalin+during+the+early+postoperative+phase+after+kidney+transplantation.+PLoS+One
https://doi.org/10.1093/ndt/gfn158
https://www.ncbi.nlm.nih.gov/pubmed/?term=marked+variation+in+the+definition+and+diagnosis+of+delayed+graft+function%3A+a+systematic+review.+Nephrol+Dial+Transplant
https://dx.doi.org/10.12659%2FAJCR.895806
https://www.ncbi.nlm.nih.gov/pubmed/?term=Delayed+Graft+Function+5+Months+After+Living+Donor+Kidney+Transplantation.+Am+J+Case+Rep
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4771100/
https://doi.org/10.1016/j.transproceed.2009.02.004
https://doi.org/10.1016/j.transproceed.2009.02.004
https://www.ncbi.nlm.nih.gov/pubmed/?term=Delayed+graft+function+in+renal+transplant+recipients%3A+risk+factors+and+impact+on+1-year+graft+function%3A+a+single+center+analysis.+Transplant+Proc.
https://www.ncbi.nlm.nih.gov/pubmed/11267296
https://core.ac.uk/download/pdf/82148139.pdf
https://core.ac.uk/download/pdf/82148139.pdf
https://doi.org/10.1097/EJA.0b013e32835925fc
https://doi.org/10.1097/EJA.0b013e32835925fc
https://www.ncbi.nlm.nih.gov/pubmed/?term=Anaesthesia+for+renal+transplant+surgery%3A+an+update.+Eur+J+Anaesthesiol
https://doi.org/10.1016/j.transproceed.2006.01.072
https://doi.org/10.1016/j.transproceed.2006.01.072
https://www.ncbi.nlm.nih.gov/pubmed/?term=Perioperative+fluid+management+in+kidney+transplantation%3A+is+volume+overload+still+mandatory+for+graft+function%3F+Transplant+Proc
https://doi.org/10.1089/end.2017.0697
https://www.ncbi.nlm.nih.gov/pubmed/29587531
https://doi.org/10.4103/ija.IJA_729_17
https://doi.org/10.4103/ija.IJA_729_17
https://www.ncbi.nlm.nih.gov/pubmed/29307898
https://doi.org/10.4103/0028-3886.227259
https://www.ncbi.nlm.nih.gov/pubmed/?term=eceased+organ+donation+and+transplantation+in+India%3A+Promises+and+challenges.+Neurol+India
https://www.ncbi.nlm.nih.gov/pubmed/9801121
https://doi.org/10.1186/s12894-018-0355-2
https://www.ncbi.nlm.nih.gov/pubmed/29747596
https://www.ncbi.nlm.nih.gov/pubmed/?term=Anaesthesia+for+renal+transplantation%3A+an+update.+Indian+J+Anaesth
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2900097/
https://doi.org/10.1093/bjacepd/1.1.24
https://doi.org/10.1093/bjacepd/1.1.24
https://doi.org/10.1097/TP.0000000000000154
https://doi.org/10.1097/TP.0000000000000154
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mannitol+infusion+within+15+min+of+cross-clamp+improves+living+donor+kidney+preservation.+Transplantation

anesthesia management of renal transplantation: an update

31.

32.

33.

34.

35.

36.

37.

38.

39.

391

in cadaveric kidney transplanta-
tion. Transpl Int. 1989;2(2):73-7.
DOL: 10.1111/j.1432-2277.1989.
tb01843.x [PubMed]

Sorbello M, Morello G, Paratore A,
Cutuli M, Mistretta G, Belluoccio AA,
et al. Fenoldopam vs dopamine as
a nephroprotective strategy during
living donor kidney transplantation:
preliminary data. Transplant Proc.
2007;39(6):1794-6. DOI: 10.1016/j.
transproceed.2007.05.065 [PubMed
Cheng EY, Leeser DB, Kapur S, Del
Pizzo J. Outcomes of laparoscopic
donor nephrectomy without intraoper-
ative systemic heparinization. J Urol.
2010;183(6):2282-6. DOI: 10.1016/i.
juro.2010.02.027 [PubMed]
Ramani AP, Gill IS, Steinberg AP, Abreu
SC, Kilciler M, Kaouk J, et al. Impact
of intraoperative heparin on laparo-
scopic donor nephrectomy. J Urol.
2005;174(1):226-8.D0I: 10.1097/01.
ju.0000162048.15746.52 [PubMed
Nanidis TG, Antcliffe D, Kokkinos C,
Borysiewicz CA, Darzi AW, Tekkis PP,
et al. Laparoscopic versus open live
donor nephrectomy in renal trans-
plantation: a meta-analysis. Ann Surg.
2008;247(1):58-70. DOI: 10.1097/
SLA.0b013e318153fd13 [PubMed
Armaly Z, Abassi Z. Deleterious Ef-
fects of Increased Intra-Abdominal
Pressure on Kidney Function. Ad-
vances in Nephrology. 2014;2014:Ar-
ticle ID 731657, 15 pages. DOI:
10.1155/2014/731657

London ET, Ho HS, Neuhaus AMC,
Wolfe BM, Rudich SM, Perez RV. Ef-
fect of intravascular volume expansion
on renal function during prolonged
€02 pneumoperitoneum. Ann Surg.
2000;231(2):195-201. PubMed
Free Full Text

Mertens zur Borg IR, Di Biase M, Ver-
brugge S, IJzermans JNM, Gommers
D. Comparison of three perioperative
fluid regimes for laparoscopic donor
nephrectomy: A prospective random-
ized dose-finding study. Surg Endosc.
2008; 22(1): 146-50. DOI: 10.1007/
500464-007-9391-9 [PubMed]

Kuo PC, Johnson LB, Sitzmann JV.
Laparoscopic Donor nephrectomy
with a 23-hour stay: a new standard
for transplantation surgery. Ann Surg.
2000;231(5):772-9. [PubMed] [Free
Full Text

Biancofiore G, Amorose G, Lugli D,
Bindi L, Esposito M, Pasquini C, et al.
Perioperative anesthetic management
for laparoscopic kidney donation.

Transplant Proc. 2004;36(3):464-
6. DOI: 10.1016/j.transpro-

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

ceed.2004.02.071 [PubMed
Mathuram Thiyagarajan U, Bagul
A, Nicholson ML. Pain manage-
ment in laparoscopic donor ne-
phrectomy: a review. Pain Res
Treat.  2012;2012:201852.  DOI:
10.1155/2012/201852 [PubMed
Deniz MN, Erakgun A, Sergin D, Erhan
E, Semerci MB, Ugur G. Evaluation
of a multimodal approach to postop-
erative pain in patients undergoing
flank incision in the urology operating
room. Turk J Anaesthesiol Reanim.
2014;42(1):19-22. DOl 10.5152
TJAR.2013.54 [PubMed]

White PF. Multimodal analgesia: its role
in preventing postoperative pain. Curr
Opin Investig Drugs. 2008;9(1):76-
82. [PubMed]

Reis G, Marcovitz PA, Leichtman
AB, Merion RM, Fay WP, Werns SW,
et al. Usefulness of dobutamine
stress echocardiography in detect-
ing coronary artery disease in end-
stage renal disease. Am J Cardiol.
1995;75(10):707-10. DOI: 10.1016/
50002-9149(99)80658-4 [PubMed
Shroff S. Current trends in kid-
ney transplantation in India. In-

dian J Urol. 2016;32(3):173-4.
DOl 10.4103/0970-1591.185092
PubMed

Linde T, Ekberg H, Forslund T, Furu-
land H, Holdaas H, Nyberg G, et al.
The use of pretransplant erythropoi-
etin to normalize hemoglobin levels
has no deleterious effects on renal
transplantation outcome. Transplanta-
tion. 2001;71(1):79-82. [PubMed]
(ebrowski P Mieczkowski M. Eryth-
ropoietin ~ stimulating agents in
chronic kidney disease: indications
and contraindications.  Wiad Lek.
2016;69(5):753-5. [PubMed
Schnuelle P, Johannes van der Woude
F. Perioperative fluid management
in renal transplantation: a narra-
tive review of the literature. Transpl
Int.  2006;19(12):947-59.  DOQI:
10.1111/1.1432-2277.2006.00356.x
PubMed

Rosales A, Salvador JT, Urdaneta G,
Patifio D, Montlleé M, Esquena S, et
al. Laparoscopic kidney transplanta-
tion. Eur Urol. 2010;57(1):164-7.
DOI:  10.1016/j.eururo.2009.06.035
PubMed

Modi P Pal B, Modi J, Kumar S,
Sood A, Menon M. Robotic as-
sisted kidney transplantation. In-
dian J Urol. 2014;30(3):287-292.
DOI:  10.4103/0970-1591.135669

PubMed
Linke CL, Merin RG. A regional anaes-

51.

52.

53.

94.

55.

56.

o7.

58.

59.

thetic approach for renal transplanta-
tion. Anesth Analg. 1976;55:69-73.
PubMed

Akpek E, Kayhan Z, Kaya H, Candan
S, Haberal M. Epidural anaesthesia for
renal transplantation: A preliminary re-
port. Transplant Proc. 1999;31:3149-
50. [PubMed]

Srivastava D, Tiwari T, Sahu S, Chan-
dra A, Dhiraaj S. Anaesthetic manage-
ment of renal transplant surgery in pa-
tients of dilated cardiomyopathy with
ejection fraction less than 40%. Anes-
thesiol Res Pract. 2014;2014:525969.
DOLI: 10.1155/2014/525969
PubMed

Steinman TI. Serum albumin: its sig-
nificance in patients with ESRD. Semin
Dial. 2000;13(6):404-8. [PubMed
Park JH, Lee JH, Joo DJ, Song KJ,
Kim YS, Koo BN. Effect of sevoflurane
on grafted kidney function in renal
transplantation. Korean J Anesthesiol.
2012;62(6):529-35. DOI: 10.4097/
kjae.2012.62.6.529 [PubMed]
Karadeniz MS, Ciftci HS, Tefik T,
Mammadov O, Yazict H, Nane |, et
al. Comparison of two different inha-
lation anesthetics on grafted kidney
function in patients undergoing renal
transplantation surgery: desflurane
or sevoflurane? Transplant Proc.
2017;49(3):448-53. DOI: 10.1016/i.
transproceed.2017.01.014 [PubMed
Campos L, Parada B, Furriel F, Castelo
D, Moreira P Mota A. Do intraoperative
hemodynamic factors of the recipient
influence renal graft function? Trans-
plant Proc. 2012;44(6):1800-3. DOI:
10.1016/j.transproceed.2012.05.042
PubMed

Aulakh NK, Garg K, Bose A, Aulakh
BS, Chahal HS, Aulakh GS. Influence
of hemodynamics and intra-operative
hydration on biochemical outcome of
renal transplant recipients. J Anaesthe-
siol Clin Pharmacol. 2015;31(2):174-
9. DOI: 10.4103/0970-9185.155144

PubMed
Marik PE, Cavallazzi R. Does the
central venous pressure predict

fluid responsiveness? an updated
meta-analysis and a plea for some
common sense. Crit Care Med.
2013;41(7):1774-81. DOI: 10.1097/
CCM.0b013e31828a25fd [PubMed

Srivastava D, Sahu S, Chandra A,
Tiwari T, Kumar S, Singh PK. Effect
of intraoperative transesophageal
Doppler-guided fluid therapy versus
central venous pressure-guided fluid
therapy on renal allograft outcome in
patients undergoing living donor re-
nal transplant surgery: a comparative

ANAESTH, PAIN & INTENSIVE CARE; VOL 22(3) JUL-SEP 2018


https://doi.org/10.1111/j.1432-2277.1989.tb01843.x
https://doi.org/10.1111/j.1432-2277.1989.tb01843.x
https://www.ncbi.nlm.nih.gov/pubmed/?term=the+effect+of+alpha-human+atrial+natriuretic+peptide+on+the+incidence+of+acute+renal+failure+in+cadaveric+kidney+transplantation.+Transpl+Int
https://doi.org/10.1016/j.transproceed.2007.05.065
https://doi.org/10.1016/j.transproceed.2007.05.065
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fenoldopam+vs+dopamine+as+a+nephroprotective+strategy+during+living+donor+kidney+transplantation%3A+preliminary+data.+Transplant+Proc
https://doi.org/10.1016/j.juro.2010.02.027
https://doi.org/10.1016/j.juro.2010.02.027
https://www.ncbi.nlm.nih.gov/pubmed/20400133
https://doi.org/10.1097/01.ju.0000162048.15746.52
https://doi.org/10.1097/01.ju.0000162048.15746.52
https://www.ncbi.nlm.nih.gov/pubmed/?term=Impact+of+intraoperative+heparin+on+laparoscopic+donor+nephrectomy.+J+Urol.
https://doi.org/10.1097/SLA.0b013e318153fd13
https://doi.org/10.1097/SLA.0b013e318153fd13
https://www.ncbi.nlm.nih.gov/pubmed/18156924
http://dx.doi.org/10.1155/2014/731657
https://www.ncbi.nlm.nih.gov/pubmed/?term=Effect+of+Intravascular+Volume+Expansion+on+Renal+Function+During+Prolonged+CO2+Pneumoperitoneum.+Ann+Surg
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1420986/
https://doi.org/10.1007/s00464-007-9391-9
https://doi.org/10.1007/s00464-007-9391-9
https://www.ncbi.nlm.nih.gov/pubmed/?term=Comparison+of+three+perioperative+fluid+regimes+for+laparoscopic+donor+nephrectomy%3A+A+prospective+randomized+dose-finding+study.+Surg+Endosc
https://www.ncbi.nlm.nih.gov/pubmed/10767799
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1421065/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1421065/
https://doi.org/10.1016/j.transproceed.2004.02.071
https://doi.org/10.1016/j.transproceed.2004.02.071
https://www.ncbi.nlm.nih.gov/pubmed/?term=Perioperative+anesthetic+management+for+laparoscopic+kidney+donation.+Transplant+Proc
https://doi.org/10.1155/2012/201852
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pain+management+in+laparoscopic+donor+nephrectomy%3A+a+review.+Pain+Res+Treat
https://doi.org/10.5152/TJAR.2013.54
https://doi.org/10.5152/TJAR.2013.54
https://www.ncbi.nlm.nih.gov/pubmed/?term=Evaluation+of+a+Multimodal+Approach+to+Postoperative+Pain+in+Patients+Undergoing+Flank+Incision+in+the+Urology+Operating+Room.+Turk+J+Anaesthesiol+Reanim
https://www.ncbi.nlm.nih.gov/pubmed/?term=Multimodal+analgesia%3A+its+role+in+preventing+postoperative+pain.+Curr+Opin+Investig+Drugs
https://doi.org/10.1016/S0002-9149(99)80658-4
https://doi.org/10.1016/S0002-9149(99)80658-4
https://www.ncbi.nlm.nih.gov/pubmed/?term=Usefulness+of+dobutamine+stress+echocardiography+in+detecting+coronary+artery+disease+in+end-stage+renal+disease.+Am+J+Cardiol
https://doi.org/10.4103/0970-1591.185092
https://www.ncbi.nlm.nih.gov/pubmed/?term=Current+trends+in+kidney+transplantation+in+India.+Indian+J+Urol
https://www.ncbi.nlm.nih.gov/pubmed/?term=the+use+of+pretransplant+erythropoietin+to+normalize+hemoglobin+levels+has+no+deleterious+effects+on+renal+transplantation+outcome.+Transplantation
https://www.ncbi.nlm.nih.gov/pubmed/?term=Erythropoietin+stimulating+agents+in+chronic+kidney+disease%3A+indications+and+contraindications.++Wiad+Lek
https://doi.org/10.1111/j.1432-2277.2006.00356.x
https://www.ncbi.nlm.nih.gov/pubmed/?term=Perioperative+fluid+management+in+renal+transplantation%3A+a+narrative+review+of+the+literature.+Transpl+Int
https://doi.org/10.1016/j.eururo.2009.06.035
https://www.ncbi.nlm.nih.gov/pubmed/19592155
https://doi.org/10.4103/0970-1591.135669
https://www.ncbi.nlm.nih.gov/pubmed/?term=Robotic+assisted+kidney+transplantation.+Indian+J+Urol
https://www.ncbi.nlm.nih.gov/pubmed/?term=A+regional+anaesthetic+approach+for+renal+transplantation.+Anesth+Analg
https://www.ncbi.nlm.nih.gov/pubmed/?term=Epidural+anaesthesia+for+renal+transplantation%3A+A+preliminary+report.+Transplant+Proc
https://doi.org/10.1155/2014/525969
https://www.ncbi.nlm.nih.gov/pubmed/?term=Anaesthetic+management+of+renal+transplant+surgery+in+patients+of+dilated+cardiomyopathy+with+ejection+fraction+less+than+40%25.+Anesthesiol+Res+Pract
https://www.ncbi.nlm.nih.gov/pubmed/?term=erum+albumin%3A+its+significance+in+patients+with+ESRD.+Semin+Dial
https://doi.org/10.4097/kjae.2012.62.6.529
https://doi.org/10.4097/kjae.2012.62.6.529
https://www.ncbi.nlm.nih.gov/pubmed/?term=Effect+of+sevoflurane+on+grafted+kidney+function+in+renal+transplantation.+Korean+J+Anesthesiol
https://doi.org/10.1016/j.transproceed.2017.01.014
https://doi.org/10.1016/j.transproceed.2017.01.014
https://www.ncbi.nlm.nih.gov/pubmed/28340810
https://doi.org/10.1016/j.transproceed.2012.05.042
https://www.ncbi.nlm.nih.gov/pubmed/22841277
https://doi.org/10.4103/0970-9185.155144
https://www.ncbi.nlm.nih.gov/pubmed/?term=influence+of+hemodynamics+and+intra-operative+hydration+on+biochemical+outcome+of+renal+transplant+recipients.+J+Anaesthesiol+Clin+Pharmacol
https://doi.org/10.1097/CCM.0b013e31828a25fd
https://doi.org/10.1097/CCM.0b013e31828a25fd
https://www.ncbi.nlm.nih.gov/pubmed/?term=Does+the+central+venous+pressure+predict+fluid+responsiveness%3F+An+updated+meta-analysis+and+a+plea+for+some+common+sense.+Crit+Care+Med

anesthesia management of renal transplantation: an update

60.

61.

62.

63.

64.

65.

392

study. J Anesth. 2015;29(6):842-9.
DOI:  10.1007/s00540-015-2046-4
PubMed

Marik PE, Cavallazzi R, Vasu T, Hi-
rani A. Dynamic changes in arte-
rial waveform derived variables and
fluid responsiveness in mechanically
ventilated patients: a systematic re-
view of the literature. Crit Care Med.
2009;37(9):2642-7. DOI: 10.1097/
CCM.0b013e3181a590da [PubMed]
Toyoda D, Fukuda M, Iwasaki R,
Terada T, Sato N, Ochiai R, et al. The
comparison between stroke volume
variation and filling pressure as an
estimate of right ventricular preload in
patients undergoing renal transplan-
tation. J Anesth. 2015;29(1):40-6.
DOI:  10.1007/s00540-014-1870-2
[PubMed]

Chin JH, Jun IG, Lee J, Seo H, Hwang
GS, Kim YK. Can stroke volume varia-
tion be an alternative to central venous
pressure in patients undergoing kid-
ney transplantation? Transplant Proc.
2014;46(10):3363-6. DOI: 10.1016/i.
transproceed.2014.09.097 [PubMed
Othman MM, Ismael AZ, Ham-
mouda GE. The impact of timing
of maximal crystalloid hydration
on early graft function during kid-
ney transplantation. Anesth Analg.
2010;110(5):1440-6. DOI: 10.1213/
ANE.0b013e3181d82ca8 [PubMed
McFarlane C, Lee A. A comparison
of plasmalyte 148 and 0.9% saline
for intra-operative fluid replacement.
Anaesthesia.  1994;49(9):779-81.
[PubMed

Wan S, Roberts MA, Mount P Nor-
mal saline versus lower-chloride

66.

67.

68.

69.

70.

solutions for kidney transplanta-
tion. Cochrane Database  Syst
Rev.  2016;(8):CD010741.  DOI:
10.1002/14651858.CD010741.pub2
PubMed

Potura E, Lindner G, Biesenbach P,
Funk GC, Reiterer C, Kabon B, et
al. An acetate-buffered balanced
crystalloid versus 0.9% saline in pa-
tients with end-stage renal disease
undergoing cadaveric renal trans-
plantation: a prospective random-
ized controlled trial. Anesth Analg.
2015;120(1):123-9. DOI: 10.1213/
ANE.0000000000000419 [PubMed
Hadimioglu N, Saadawy I, Saglam T,
Ertug Z, Dinckan A. The effect of differ-
ent crystalloid solutions on acid-base
balance and early kidney function after
kidney transplantation. Anesth Analg.
2008;107(1):264-9. DOI: 10.1213
ane.0b013e3181732d64 [PubMed
Abdallah E, EI-Shishtawy S, Mosbah
0, Zeidan M. Comparison between the
effects of intraoperative human albu-
min and normal saline on early graft
function in renal transplantation. Int
Urol Nephrol. 2014;46(11):2221-6.
DOI:  10.1007/s11255-014-0785-z
PubMed]

Shah RB, Shah VR, Butala BP, Parikh
GP Effect of intraoperative human
albumin on early graft function in re-
nal transplantation. Saudi J Kidney
Dis Transpl. 2014;25(6):1148-53.
PubMed] [Free Full Text

Johnston PA, Bernard DB, Perrin NS,
Levinsky NG. Prostaglandins mediate
the vasodilatory effect of mannitol in
the hypoperfused rat kidney. J Clin In-

* % Kk *

.

72.

73.

74.

75.

75.

vest. 1981;68:127-33. DOI: 10.1172/
JCI110227 [PubMed

Tay M, Cooper WD, Vassilou P
Glasgow EF, Baker MS, Pratt L. The
inhibitory action of oxygen radical
scavengers on proteinuria and glo-
merular heparan sulphate loss in the
isolated perfused kidney. Biochem Int
1990;20(4):767-78. [PubMed

Hanif F, Macrae AN, Littlejohn MG,
Clancy MJ, Murio E. Outcome of re-
nal transplantation with and without
intra-operative diuretics. Int J Surg.
2011;9(6):460-3. DOI: 10.1016/i.
ijsu.2011.04.010 [PubMed

Burton CJ, Tomson CR. Can the use
of low-dose dopamine for treatment of
acute renal failure be justified? Post-
grad Med J. 1999;75(883) 269-74.
PubMed] [Free Full Text

Kadieva VS, Friedman L, Margolius
LR Jackson SA, Morrell DF. The ef-
fect of dopamine on graft function in
patients undergoing renal transplanta-
tion. Anesth Analg. 1993;76(2):362-
5. [PubMed

Parikh BK, Shah VR, Modi PR, Butala
BP, Parikh GP. Anaesthesia for laparo-
scopic kidney transplantation: Influ-
ence of Trendelenburg position and
€02 pneumoperitoneum on cardiovas-
cular, respiratory and renal function.
Indian J Anaesth. 2013;57(3):253-8.

DOl 10.4103/0019-5049.115607
PubMed
Halloran PF  Immunosuppressive

drugs for kidney transplantation. N
Engl J Med. 2004;351(26):2715-
29. DOI:  10.1056/NEJMra033540
[PubMed

ANAESTH, PAIN & INTENSIVE CARE; VOL 22(3) JUL-SEP 2018


https://doi.org/10.1007/s00540-015-2046-4
https://www.ncbi.nlm.nih.gov/pubmed/?term=Effect+of+intraoperative+transesophageal+Doppler-guided+fluid+therapy+versus+central+venous+pressure-guided+fluid+therapy+on+renal+allograft+outcome+in+patients+undergoing+living+donor+renal+transplant+surgery%3A+a+comparative+study.+J+Anesth
https://doi.org/10.1097/CCM.0b013e3181a590da
https://doi.org/10.1097/CCM.0b013e3181a590da
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dynamic+changes+in+arterial+waveform+derived+variables+and+fluid+responsiveness+in+mechanically+ventilated+patients%3A+a+systematic+review+of+the+literature.+Crit+Care+Med
https://doi.org/10.1007/s00540-014-1870-2
https://www.ncbi.nlm.nih.gov/pubmed/?term=The+comparison+between+stroke+volume+variation+and+filling+pressure+as+an+estimate+of+right+ventricular+preload+in+patients+undergoing+renal+transplantation.+J+Anesth
https://doi.org/10.1016/j.transproceed.2014.09.097
https://doi.org/10.1016/j.transproceed.2014.09.097
https://www.ncbi.nlm.nih.gov/pubmed/?term=Can+stroke+volume+variation+be+an+alternative+to+central+venous+pressure+in+patients+undergoing+kidney+transplantation%3F+Transplant+Proc
https://doi.org/10.1213/ANE.0b013e3181d82ca8
https://doi.org/10.1213/ANE.0b013e3181d82ca8
https://www.ncbi.nlm.nih.gov/pubmed/?term=The+impact+of+timing+of+maximal+crystalloid+hydration+on+early+graft+function+during+kidney+transplantation.+Anesth+Analg
https://www.ncbi.nlm.nih.gov/pubmed/?term=A+comparison+of+Plasmalyte+148+and+0.9%25+saline+for+intra-operative+fluid+replacement.+Anaesthesia
https://doi.org/10.1002/14651858.CD010741.pub2
https://www.ncbi.nlm.nih.gov/pubmed/?term=Normal+saline+versus+lower-chloride+solutions+for+kidney+transplantation.+Cochrane+Database+Syst+Rev
https://doi.org/10.1213/ANE.0000000000000419
https://doi.org/10.1213/ANE.0000000000000419
https://www.ncbi.nlm.nih.gov/pubmed/25185593
https://doi.org/10.1213/ane.0b013e3181732d64
https://doi.org/10.1213/ane.0b013e3181732d64
https://www.ncbi.nlm.nih.gov/pubmed/?term=The+effect+of+different+crystalloid+solutions+on+acid-base+balance+and+early+kidney+function+after+kidney+transplantation.+Anesth+Analg
https://doi.org/10.1007/s11255-014-0785-z
https://www.ncbi.nlm.nih.gov/pubmed/?term=Comparison+between+the+effects+of+intraoperative+human+albumin+and+normal+saline+on+early+graft+function+in+renal+transplantation.+Int+Urol+Nephrol
https://www.ncbi.nlm.nih.gov/pubmed/?term=Effect+of+intraoperative+human+albumin+on+early+graft+function+in+renal+transplantation.+Saudi+J+Kidney+Dis+Transpl
https://www.researchgate.net/publication/268283330_Effect_of_intraoperative_human_albumin_on_early_graft_function_in_renal_transplantation
https://dx.doi.org/10.1172%2FJCI110227
https://dx.doi.org/10.1172%2FJCI110227
https://www.ncbi.nlm.nih.gov/pubmed/?term=Prostaglandins+mediate+the+vasodilatory+effect+of+mannitol+in+the+hypoperfused+rat+kidney.+J+Clin+Invest
https://www.ncbi.nlm.nih.gov/pubmed/?term=The+inhibitory+action+of+oxygen+radical+scavengers+on+proteinuria+and+glomerular+heparan+sulphate+loss+in+the+isolated+perfused+kidney.+Biochem+Int
https://doi.org/10.1016/j.ijsu.2011.04.010
https://doi.org/10.1016/j.ijsu.2011.04.010
https://www.ncbi.nlm.nih.gov/pubmed/?term=Outcome+of+renal+transplantation+with+and+without+intra-operative+diuretics.+Int+J+Surg
vhttps://www.ncbi.nlm.nih.gov/pubmed/?term=Can+the+use+of+low-dose+dopamine+for+treatment+of+acute+renal+failure+be+justified%3F+Postgrad+Med+J
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1741218/
https://www.ncbi.nlm.nih.gov/pubmed/?term=The+effect+of+dopamine+on+graft+function+in+patients+undergoing+renal+transplantation.+Anesth+Analg
https://doi.org/10.4103/0019-5049.115607
https://www.ncbi.nlm.nih.gov/pubmed/?term=Anaesthesia+for+laparoscopic+kidney+transplantation%3A+Influence+of+Trendelenburg+position+and+CO2+pneumoperitoneum+on+cardiovascular%2C+respiratory+and+renal+function.+Indian+J+Anaesth
https://doi.org/10.1056/NEJMra033540
https://www.ncbi.nlm.nih.gov/pubmed/15616206

	_GoBack

