
INTRODUCTION

The programme of kidney transplantation in Latvia was
started in 1973. The growing number of kidney transplanta-
tions during the subsequent period raised new aspects in an-
aesthetic management. It was found that the incidence of
post-operative acute tubular necrosis or delayed graft func-
tion after cadaveric transplantation depends on many factors
and one of them is haemodynamic stability during reper-
fusion of transplant. For renal transplantation, the major an-
aesthetic consideration is maintenance of renal blood flow.
Typical haemodynamic goals during reperfusion are sys-
tolic blood pressure (SBP) above 120–130 mm Hg and tar-

get central venous pressure (CVP) ≥ 10–12 mm Hg. Below
these values, there is an increased incidence of acute tubular
necrosis (Akpek et al., 2002; Thomas et al., 2003; Pericol
et al., 2004). Taking into account that during anaesthesia
there is interaction between intravenous induction agents,
inhalational anaesthetics and haemodynamics, this study
aimed to provide an overview and critical analysis of past
anaesthetic management for renal transplantation, based on
40 years of clinical experience. The main aim of this study
was to evaluate the haemodynamic effects of different an-
aesthesia methods, with focus on time of graft revascu-
larisation and kidney survival.
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Anaesthesia methods for surgical procedures, as well as for organ transplantation, have experi-
enced remarkable changes over the past 40 years. Cadaveric renal transplant function may be
impaired by haemodynamic instability induced by anaesthesia drugs. This study aimed to analyse
the safety and effectiveness of the different anaesthesia methods used for renal transplantation in
Latvia since 1973, with focus on its haemodynamic effects. In this retrospective study anaesthe-
sia chart review was conducted for 607 patients (pts), aged 17–75 yrs, ASA III/IV, undergoing re-
nal transplantation using general anaesthesia in the following periods: 1973–1990 (stage I – 282
pts); 1991–2000 (stage II – 145 pts); 2001–2011 (stage III – 180 pts). Haemodynamic data (sys-
tolic, diastolic, mean arterial blood pressure and central venous pressure) were measured prior to
premedication and induction of anaesthesia, immediately afterwards, during the surgery and up to
its completion with the special attention regarding the time of graft reperfusion. The main
perioperative problems of the anaesthesia methods used during stage I (barbiturates, viadril,
neuroleptanalgesics, sodium oxybutyrate, halothane, nitrous oxide) was haemodynamic instability
in 60% of cases and apnea due to central depression and long-time peripheral neuromuscular
blockade. Two patients died due to underlying comorbid conditions, including hyperhidration and
oedema pulmonum. Substantial haemodynamic changes during total intravenous anaesthesia
with propofol and combined anaesthesia propofol-isoflurane (stage II) were not observed. At the
time of graft reperfusion, the incidence of hypotension was slightly higher in patients
anaesthetised with isoflurane than in those who received sevoflurane (stage III), but this differ-
ence was not significant (P > 0.05). Kidney functioned immediately in 75% of cases and delayed
function was observed in 25% of cases in sevoflurane and isoflurane groups. The modern anaes-
thetic agents provide a great margin of safety during renal transplantation. Total intravenous an-
aesthesia with midasolam-fentanyl-propofol and general anaesthesia with propofol-isoflurane,
propofol-sevoflurane can be safely used. During renal transplantation, anaesthesiologists must
optimise volume status, perfusion pressure and promote survival of the renal graft.
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MATERIALS AND METHODS

After approval by the hospital Ethics Committee a retro-
spective anaesthesia chart review was conducted for pa-
tients undergoing renal transplantation using general anaes-
thesia during the period 1973 to 2011 yrs. In total, 607
patients, aged 17–75 yrs, ASA (American Society of Anes-
thesiologists physical state scale) III/IV, sheduled for
cadaver-related kidney transplantation were included in this
study. The most common causes of renal disease leading to
kidney transplantation were chronic glomerulonephritis,
polycystic kidney disease, diabetes, nephrosclerosis, and in-
terstitial nephritis. Exclusion criteria for study were patients
with severe cardiovascular co-morbidity. Patients (pts) were
divided into three groups based on year of transplantation:
1973–1990 (stage I – 282 pts); 1991–2000 (stage II –145
pts); 2001–2011 (stage III – 180 pts). This division was
used since the periods differed in the types of anaesthetics
used for kidney transplantation.

a) During stage I the drugs available in Latvia for general
anaesthesia were used. The choice of drugs was dependent
on haemodynamic data and excretory kidney function of the
recipients prior to operation (mainly ability to excrete wa-
ter). For comparative assessment of the suitability and
safety of the used anaesthesia methods, a patient sample
group 282 from 400 operated patients was chosen arbi-
trarily, taking into account comparable demographic data,
co-morbidity and cold ischemia time of the donor organ.
Characteristics of the anaesthesiological management used
for renal transplantation during stage I is given in Table 1.

b) Stage II was characterised by introduction in clinical
practice in 1990 of short-acting benzodiazepine midasolam
and the neuromuscular blocking drug (NMBD) atracurium
(Sondore and Rozite, 1990; Fahey et al., 1984), the elimina-
tion of which is completely independent of kidney function
(Sondore et al., 1994). Since 1994, short-acting intravenous
anaesthetics propofol, which is intensively metabolised in
the organism (Kirvela et al., 1992), was implemented in the
anaesthesia system. Propofol is an intravenous agent suit-
able for both induction and maintenance of anaesthesia.
Studies of propofol in uraemic patients indicated no alter-
ation in terminal half-life or clearance. Less than 0.3% of

propofol is excreted unchanged in the urine. Use of
propofol for total intravenous abnaesthesia during renal
transplantation has also been reported (de Gasperi et al.,
1996; Mitre et al., 1994). Total intravenous anaesthesia
(TIVA) using propofol in combination with strong short-
acting opioid fentanyl, benzodiazepine midasolam and
NMBD atracurium became the one of the methods of choice
for induction and maintenance of anaestesia for renal trans-
plantation, and was utilised in 80 patients (Mazze et al.,
1974).

A new volatile non-toxic anaesthetic, isoflurane, for mainte-
nance of anaesthesia was available from 1994 (Sondore et
al., 1994; 1998; 2000). Isoflurane undergoes little biotrans-
formation (only 0.2%), lacks nephrotoxic metabolites, and
has less cardiac depression than halothane. In this study, 65
patients anaesthetised with isoflurane were selected for
analysis in accordance with demographics, co-morbidity
and equal cold ischemia time of graft.

The haemodynamic effects of a total intravenous anaesthe-
sia with combination of propofol with fentanyl and midaso-
lam (TIVA patient group, n = 80) was comparatively evalu-
ated with the effects of anaeshesia provided by the
combination of the volatile anaesthetic isoflurane with fen-
tanyl and midasolam isoflurane patient group ”a”, n = 65).
In both groups propofol was used for induction of anaesthe-
sia. Characteristics of anaesthetic management for renal
transplantation in 145 patients in 1991–2000 are given in
Table 2.

c) Stage III. Sevoflurane as a component of balanced gen-
eral anaesthesia was introduced in clinical practice in 2000,
but was used for renal transplantation only since 2008, as it
was considered as an anaesthetic with potential nephro-
toxicity (Eger et al., 1997). Its metabolic products (inor-
ganic fluoride and compound „A”) can produce renal injury.
However some clinical studies reported no evidence of
nephrotoxicity (Kharasch et al., 1997). In this study the
haemodynamic changes during anaesthesia (sevoflurane
group, n = 90 pts.) using sevoflurane was evaluated com-
paratively with those of isoflurane (isoflurane patient group
”b”, n = 90), which continued to be used in renal transplan-
tation in 2008–2011 (Table 3).
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T a b l e 1

METHODS OF GENERAL ANAESTHESIA FOR RENAL TRANSPLANTATION IN 282 PATIENTS IN 1973–2000

Direct premedication Agents for induction, n, number of patients

Diazepam 5–10 mg;
Atropin 0.5–0.8 mg;

Viadril 1–0 g (n = 24);

Promedol 20 mg;
Dimedrol 20 mg (standardised for all patients) i/v

Thiopental, 3–4 mg/kg with fentanyl and droperidol (n = 142);
Sodium oxybutyrate, 2.0–4.0 g, combined with thiopental 0.1–0.2 g (n = 96);
Neuroleptanalgesia (NLA): droperidol 12.5–17.6 mg, fentanyl 0.25–0.4 mg + N2O (n = 20)

Agents for maintanance Nitrous oxide (N2O), combined with i/v NLA, (n = 252);
Halothane or its combination with ether combined with fentanyl (n = 30)

Neuromuscular blocking drugs (NMBD) Succinylcholine,
Dioxonium,
d-tubocurarine



In all patients of the three stages of study, preoperative
haemodialysis was provided 24–48 h before renal transplan-
tation. Before surgery and anaesthesia, patients underwent
full medical and surgical history and routine laboratory in-
vestigation (i.e. blood Hb, Ht, plasma proteins, coagulation
studies, biochemical tests and serum electrolytes, blood glu-
cose, chest radiograph and electrocardiography) and were
evaluated by anaesthesiologists. In 15 patients with ESRD
and severe anaemia, blood samples for electronic micro-
scopic evaluation of erythrocytes morphology were ob-
tained. During stage I, monitored vital functions of patients
were arterial blood pressure and pulse, peripheral tempera-
ture, ECG, pulse oximetry, as well as clinical signs of an-
aesthesia. Since the start of stage II of anaesthetic manage-
ment, patients were monitored continuously with automatic
noninvasive arterial blood pressure (NIABP), pulse oxi-
metry (SpO2), ECG, capnometry-end-tidal CO2 (EtCO2),
and peripheral temperature. Central venous pressure (CVP)
in the right internal jugular vein was determined and con-
trolled when necessary in accordance with indications (to
guide the fluid therapy). After vascular assessment by a
large bore 14–16 FG cannula in the back of the hand,
premedication induction of anaesthesia and tracheal
intubation with controlled mechanical ventilation with oxy-
gen was provided. Normal saline at an average rate of
10–12 ml/kg/h and more, as indicated by haemodynamics,
was applied from the start of surgery until the renal vessels
were unclamped. For protection of graft during vascular
anastomosis, before unclamping, mild volume expansion
with normal saline, 500 mg solumedrol (methylpredno-

solon), and 1–1.5 g/kg mannitol was applied. After com-
pleting vascular anastomosis, furosemide (up to 180–200
mg) was injected in increments to enhance diuresis of the
transplant. Packed red blood cells, plasma, and 5% albumin
were transfused to offset intraoperative bloodloss and to
maintain a satisfactory level of hematocrite in the accor-
dance with indications. Occasionally, a low-dose dopamine
infusion (2–4 �kg/kg/min) was used to increase blood pres-
sure and improve perfusion of graft. Kidney turgidity was
evaluated by the surgical team members for assessment of
the hydration regimen.

Haemodynamic parameters were measured prior to pre-
medication and induction of anaesthesia, immediately after-
wards, and during anaesthesia up to end of surgery, with the
special attention to the time of graft reperfusion. Cardiovas-
cular instability was determined by measuring changes in
excess of 20% of basal systolic blood pressure (SBP) after
induction of anaesthesia and < 95 mm Hg at the reperfusion
time. The incidence in percentage (%) of severe hyperten-
tion and hypotension after induction of anaesthesia and just
after reperfusion, as well as CVP at time of declamping was
recorded. The total volume of fluids and restoration of
transplant function (immediate, delayed and non-function)
were controlled. All patients after completion of surgery
were observed carefully for signs of residual myorelaxation,
fluid overload and dehydratation. The hourly urine output
was replaced with normal saline 1 mL for each mL of urine.

With the aim to investigate the relationship between the use
of potentially nefrotoxic inhalation anaesthetic sevoflurane
and recovery profiles of kidney function the incidence of
immediate, delayed graft function as well non-function was
analysed in 12 patients who developed arterial hypotension
with SBP up to 95–85 mm Hg at the time of reperfusion.
These data were compared with the same parameters of the
isoflurane group. Statistical analysis was performed with
the Statistical Package for the Social Sciences (SPSS 14.0).
Demographic and perioperative data were compared using
the Student’s t-test. A value of P < 0.05 was taken as statis-
tically significant.

RESULTS

Stage I. The retrospective study found that 40% of involved
patients were anaemic with Hb 7% and Ht 20%, with hypo-
proteinaemia. 80% of the recipients demonstrated initial se-
vere arterial hypertension with SBP that varied from 170 to
230 mm Hg (180 ± 20 mm Hg) and diastolic blood pressure
(DBP) greater than 110 mm Hg (112 ± 15 mm Hg). Study
of erythrocyte morfology (by Dr.habil.biol. Velta Ose, In-
stitute of Microbiology, personal communication) revealed
dramatic changes of shape of erythrocytes that accompanied
severe anaemia; many codocytes, stomatocytes, and echino-
cytes were detected and identified as the potential cause of
blood reology disorders due to deformity and rigidity (Fig.
1). After induction of anaesthesia with barbiturates and neu-
roleptanalgesics, SBP decreased significantly in all hyper-
tensive patients by 40 ± 20% (P < 0.05), compared with the
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T a b l e 2

CHARACTERISTICS OF ANAESTHETIC MANAGEMENT FOR RE-
NAL TRANSPLANTATION IN 145 PATIENTS IN 1991–2000

Patient group, n Induction of anaesthesia Maintenance of anaesthesia

Pripofol group
n = 80

Propofol 1.6–2.2 mg/kg
Fentanyl 1.5–2.0 mkg/kg
Atracurium 0.5 mg/kg

Propofol 6–8 mg/kg for first
15 min,
followed by 4–6 mg/kg for
next 15 min,
followed by 2–4 mg/kg until
skin closure
+ supplementary doses of
fentanyl (0.1 mg)
and atracurium

Isoflurane group
n = 65

Propofol 1.6–2.2 mg/kg
Fentanyl 1.5–2.0 mkg/kg
Atracurium 0.5 mg/kg

Isoflurane (0.8–1 MAK)
+ supplementary doses of
fentanyl (0.1 mg)

T a b l e 3

CHARACTERISTICS OF ANAESTHETIC MANAGEMENT FOR RE-
NAL TRANSPLANTATION IN 180 PATIENTS DURING 2008–2011

Patient group, n Induction of anaesthesia Maintenance of anaesthesia

Sevoflurane group,
n = 90

Propofol 1.6–2.2 mg/kg
Fentanyl 1.5–2.0 mkg/kg
NMBD Atracurium 0,5
mg/kg

Sevoflurane (0.8–1 MAK)
+ supplementary doses of
fentanyl (0.1 mg)

Isoflurane group,
n = 90

Propofol 1.6–2.2 mg/kg
Fentanyl 1.5–2.0 mkg/kg
Atracurium 0.5 mg/kg

Isoflurane (0.8–1 MAK)+
supplementary doses of
fentanyl (0.1 mg)



initial level. Immediately after tracheal intubation and dur-
ing the early postintubation period, all hypertensive patients
given nitrous oxide for maintenance of anaesthesia re-
mained hypertensive during the operation and anaesthesia.
However, careful administration of halothane seemed to be
the most favourable method for controlling haemodynamic
stability in hypertensive patients. We did not find any evi-
dence that halothane deteriorated kidney function. The use
of a combination of barbiturates with sodium oxybutyrate or
sodium oxybutyrate alone for induction prevented signifi-
cant hypotension in normotensive patients. The steroid an-
aesthetic viadril demonstrated a moderate hypotensive ef-
fect (15–17% of patients) and was an appropriate agent for
induction in hypertensive patient. Unfortunately, this drug
caused irritation of venous walls and induced local trombo-
phlebitis. Significant harmful effect of the used methods of
anaesthesia on haemodynamic at time of graft reperfusion
moment was not shown. The main perioperative complica-
tions during this stage of anaesthesia system development
was haemodynamic instability, which occurred in 60% of
cases. Apnea due to central depression and peripheral neu-
romuscular blockade with prolonged artificial ventilation
for 2–6 hrs after the end of surgery was detected in 1.8% of
patients. Two patients died due to underlying comorbid
conditions, including hyperhydration and oedema pul-
monum.

In conclusion: in this stage the same anaesthetics and anal-
gesics were used for renal transplantation in Latvia as were
used worldwide. It was possible to carry out anaesthesia
during renal transplantation using the combination of
non-inhalation and inhalation anaesthetics, the selection of
which was dependent on the excretory function of kidneys
of recipients and also haemodynamic data. However, there
was no optimal method of anaesthesia. The main problem
was inability to use a safe muscle relaxant not requiring re-
nal function for its elimination. Unfortunately, use of
succinylholine was limited due to its known hyperkalemic
effect and potential cardiac arrest.

Stage II. The demographic characteristics of the recipients
and their corresponding donors as well as donor organ cold

ischemia and duration of surgery did not differ significantly
between the two groups of this study stage. Patients of both
groups had similar haemodynamics. Arterial hypertension
was detected in both groups. In 75% of cases SBP exceeded
170 mm Hg and was on average 180 ± 15%, DBP – 95 ± 10
mm Hg. In 61 patients with severe arterial hypertension
(41.03%), myocardial hypoxia was detected on ECG. Pre-
medication with the sedative drug midasolam (in average
2,5 mg) and strong opioid fentanyl (0.15–0.2 mg), and care-
ful use of a sleeping dose of propofol by titration method
(120–200 mg) provided uncomplicated induction in anaes-
thesia and endotracheal intubation in all patients. Midaso-
lam-propofol induction resulted in decrease of SBP by 18 ±
5%, compared with the initial level. In TIVA group by care-
ful titrating of propofol infusion it was possible to stabilise
and regulate arterial pressure at the necessary level
(12–16% under initial) throughout, and to increase the level
during graft reperfusion. We did not observe substantial
haemodynamic changes during anaesthesia, nor after kidney
reperfusion. Adequate anaesthesia was obtained by an in-
traoperative dose of 450 ± 100 mg propofol, 0.5–0.7 mg
fentanyl, and 110 ± 20 mg atracurium. Recovery was rapid
and occured 11 ± 4 min after end of infusion. None of the
patients experienced nausea and vomiting. The patients
achieved and maintained high recovery scores. A high pro-
portion of immediate graft function was achieved. In con-
clusion: propofol has been successfully used for total intra-
venous anaesthesia for kidney transplant surgery, and was
associated with a reduction in postoperative nausea and
vomiting.

Isoflurane in concentration 0.8–1 MAK for maintenance of
anaesthesia induced moderate vasoplegic and hypotensive
effect. SBP was stabilised at a 17 ± 5% level and DBP at a
10 ± 6% level under initial. The study found no significant
difference in haemodynamic changes between TIVA and
isoflurane groups during renal transplantation (P > 0.05).
However, isoflurane improved peripheral circulation more
than propofol. Peripheral temperature was 0.8–1 °C higher
in the isoflurane group in comparison with the propofol
group.

In conclusion: combined general anaesthesia with isoflurane
produced excellent conditions for the operation with rather
prompt recovery after 16 ± 5 min. The recovery period was
slightly longer than in the propofol group, which may be
explained by intensification of muscle relaxant effect. In
these two groups sufficient renal blood perfusion in the
graft was achieved. However, the main postoperative prob-
lem in the isoflurane group was shivering as a consequence
of vasodilatation. Results of the study shown that iso-
flurane-like propofol may be an agent of choice for renal
transplantation.

Stage III. The demographic and clinical characteristics of
the patients involved in the study are given in Table 4.

There were no significant differences between groups with
respect to demographic characteristics of the recipients and
incidence of severe and moderate hypertension before sur-
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Fig. 1. Electronic microphotograph of erythrocytes of the patients with
end-stage renal disease due to diabetic nephropathy in comparison with
normal erythrocytes.



gery and anaesthesia. The proportion of normotensive pa-
tients was lower in the sevoflurane group. Data on the hae-
modynamic reaction to combined general anaesthesia with
propofol -isoflurane and propofol-sevoflurane are given in
Table 5.

Arterial blood pressure decreased significantly (in excess of
20% of basal systolic blood pressure, P < 0.05) after induc-
tion with propofol-midasolam-fentanyl in both groups of
patients, but no patients developed severe arterial hypoten-
sion due to arterial hypertension before surgery. A signifi-
cant difference between groups was not detected in hypo-
tensive reaction to induction of anaesthesia and immediately
afterwards. At the time of graft reperfusion the incidence of
hypotension was slightly higher in patients anaesthetised
with isoflurane than in those who received sevoflurane, but
this difference was not significant (P > 0.05). CVP data
showed that both patient groups were euvolaemic at the
time of reperfusion of transplant. Analysis of graft function
after short hypotention at reperfusion indicated that kidney
functioned immediately in 75% of cases, but delayed func-
tion was seen in 25%. There were no differences between
groups.

DISCUSSION

Successful treatment of patients with ESRD by kidney
transplantation cannot be carried out without taking into
consideration the perioperative anaesthetic management and
strategies. The effect of drugs on recipient, the effect of
drugs on the function of the transplanted kidney and the ef-
fect of drugs that depend on the transplanted kidney for
their elimination should be taken into account (Sondore et
al., 1994). Patients with ESRD present many problems to
the anaesthesiologists. The majority of patients suffer from
some degree of hypertension and may be on antihyper-
tensive drug therapy. Hypotension may occur during anaes-

thesia due to interaction of antihypertensive drugs and due
to haemodynamical effects of anaesthetics. Hypovolaemia
must be avoided, as hypotension increases the possibility of
acute tubular necrosis in the transplant (Carlier et al.,1982;
O’Malley et al., 2002; Hadimioglu et al., 2008; Othman et
al., 2010). In stage I of the kidney transplant development
in the period 1973 to 1990, viadril, barbiturates, sodium
oxybutyrate, and neuroleptanalgesia were used for induction
of anaesthesia, while for maintenance the volatile anaesthet-
ics nitrous oxide and halothane with opioid fentanyl and
different available muscle relaxants, including long-acting,
were used. Nitrous oxide has not been shown to have any
effects on the kidney function, but in anaemic patients with
ESRD it may seriously impair the oxygen-carrying capacity
(Mazze et al., 1974). Therefore, use of nitrous oxide for an-
aesthesia in transplants was later avoided and in some cases
contrindicated. Halothane in stage I of clinical experience
was probably the most widely used volatile anaesthetic. Un-
fortunately, halothane was not an ideal anaesthetic also due
to potential hepatotoxic effect and high metabolic rate. The
main perioperative complications of that period were
haemodynamic instability during anaesthesia (in 60% of
cases) and apnea due to central depression and peripheral
neuromuscular blockade with need for prolonged postopera-
tive artificial ventilation. Two patients died due to underly-
ing comorbid conditions, including hyperhydration and oe-
dema pulmonum.

In stage II, propofol was successfully implemented for total
intravenous anaesthesia for kidney transplantation. Smooth,
rapid induction and rapid clear headed recovery should be
mentioned among the advantages of propofol. However, it
may decrease arterial pressure, cardiac output and systemic
vascular resistance. No patients in the TIVA group devel-
oped severe arterial hypotension. By careful titrating of pro-
pofol infusion arterial pressure was stabilised on the neces-
sary level. Substantial haemodynamic changes at the time of
graft reperfusion were not seen.

As most of the recipients were hypertensive, intravenous
opioids such as fentanyl, were usually used not only for an-
algesia, but also with the aim to blunt the stress response to
laryngoscopy and tracheal intubation. Its excretion is
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T a b l e 4

THE DEMOGRAPHIC AND CLINICAL CHARACTERISTIC OF THE
PATIENTS INVOLVED IN THE STAGE III (2008–2011)

Test Patient groups

sevoflurane group
(n = 90)

isoflurane „b” group
(n = 90)

Age, yrs

< 40 21 27

41–50 43 36

51–60 18 21

> 60 8 6

Sex

Male 54 (60%) 52 (57.8%)

Female 36 (40%) 38 (42.2%)

With

severe hypertension 50 (55.6%) 44 (48.9%)

moderate hypertension 36 (40%) 35 (38.9%)

normotensive 4 (4.4%) 11 (12.2%)

T a b l e 5

THE INCIDENCE OF HYPOTENSIVE REACTION AFTER INDUC-
TION OF ANAESTHESIA WITH PROPOFOL AND AT THE TIME OF
GRAFT REPERFUSION DURING ANAESTHESIA WITH
SEVOFLURANE AND ISOFLURANE (2008–2011)

Test Patient groups

Sevoflurane
group

Isoflurane
group

Incidence of hypotension, % (SAB than
20% from initial level after induction of
anaesthesia)

30.6 ± 9.2 31.33 ± 4.6

Incidence of hypotension, % (SAB 95 mm
Hg at the moment of graft reperfusion

16.37 ± 4.8 18.64 ± 5.2

CVP at time of declamping, mmHg 13.4 ± 3.4 12.5 ± 3.2



mainly by hepatic metabolism. In our study fentanyl was
successfully used in normal doses (Koehntop and Rodman,
1997). The non-depolarising relaxant atracurium has advan-
tages, as it is broken down by Hofmann degradation. It was
the main drug of choice for muscle relaxation in our study.

Haemodynamic changes that accompany TIVA were ob-
served in the isoflurane group „a”. Minimal metabolism
(0.2%) , lack of toxicity, improvement of coronary and pe-
ripheral circulation, and decreased requirement for muscle
relaxants make isoflurane a suitable drug for anaesthesia in
patients with ESRD. In accordance with published data, it
has less effect on cardiac output and renal blood flow than
another anaesthetics. However, hypotension that may de-
velop during isoflurane anaesthesia should be taken into ac-
count.

During stage III of clinical renal transplantation, the volatile
agent sevoflurane has been used in patients undergoing re-
nal transplantation. Some authorities do not recommend
sevoflurane for anaesthesia during renal transplantation. It
has been considered undesirable due to potential toxic fluo-
ride accumulation after 2–4 h of anaesthesia. However,
most studies have not found any detectable postoperative
impairement of renal function using this drug (Kharasch et
al., 1997). We did not observe any harmful effect of
sevoflurane on kidney transplantation outcome. Compara-
tive evaluation of kidney function in the sevoflurane and
isoflurane groups showed no differences in immediate or
delayed function. The immediate start of diuresis was found
in 75%, delayed in 25%, and non-function was not seen in
both groups.

The conclusion is that adequate renal blood flow is essential
for good donor kidney function. Good perfusion of the new
kidney is dependent on adequate intravascular volume and
the avoidance of hypotension. Controversy exists regarding
the optimal anaesthesia method for renal transplantation.
Optimisation of the anaesthesia method in Latvian Centre of
Renal Transplantation has been ongoing along with the de-
velopment of pharmacology for anaesthesiology. Our clini-
cal experience demonstrated that general anaesthesia can be
safely provided by carefully induced intravenous induction
agents, preferably propofol, given slowly after premedic-
ation with benzodiazepine midasolam and opioid fentanyl.
Maintenance of general anaesthesia can be satisfactorily
achieved by total intravenous anaesthesia using propofol as
the main anaesthetic, as well as with inhalational anaesthet-
ics isoflurane and sevoflurane. During renal transplantation,
anaesthesiologists must optimise volume status, perfusion
pressure and promote survival of the renal graft.
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VISPÂRÇJA ANESTÇZIJA NIERES TRANSPLANTÂCIJÂ LATVIJÂ: KRITISKA ANALÎZE, BALSTÎTA UZ KLÎNISKO PIEREDZI

Pçdçjos 40 gados íirurìisko operâciju anestezioloìiskajâ nodroðinâjumâ notikuðas bûtiskas pârmaiòas, kuras skâruðas arî transplantoloìijas
nozari. Viens no svarîgajiem nieru transplantâta funkcijas atjaunoðanas un akûtas tubulârâs nekrozes novçrðanas noteikumiem ir
hemodinamiskâ stabilitâte, îpaði asinsrites atjaunoðanas brîdî. Pçtîjuma mçríis bija daþâdo kopð 1973. gada lietoto anestçzijas metoþu
droðîbas un efektivitâtes vçrtçjums, pievçrðot îpaðu uzmanîbu to izraisîtâm hemodinamiskâm reakcijâm. Tika veikta anestçzijas protokolu
retrospektîvâ analîze, kas skâra 607 pacientus ar hronisku nieru mazspçju terminâlâ fâzç, vecumâ no 17 lîdz 75 gadiem, riska grupâs ASA
III/IV, operçtiem vispârçjâ anestçzijâ ðâdos periodos: 1973–1990 (I etaps, 282 pacienti); 1991–2000 (II etaps,145 pacienti); 2001–2011
(III etaps, 180 pacienti). Hemodinamikas râdîtâji (sistoliskais, diastoliskais, vidçjais arteriâlais spiediens un centrâlais venozais spiediens
tika reìistrçti pirms premedikâcijas un ievadnarkozes, pçc ievadnarkozes un tûdaï pçc intubâcijas, kâ arî operâcijas laikâ, îpaði pievçrðot
tiem uzmanîbu transplantâta reperfûzijas brîdî. Viena no svarîgâkâm I etapa perioperatîvâm problçmâm bija hemodinamiskâ nestabilitâte
viadrîla, barbiturâtu, neiroleptanalgçtiku, halotâna un slâpekïa oksidûla ietekmç, kas skâra 60% pacientu, kâ arî ilgstoða apnoja respiratorâs
depresijas un antidepolarizçjoðo relaksantu darbîbas dçï. Ðajâ etapâ nomira divi pacienti ar izteiktiem vitâlo funkciju traucçjumiem,
hiperhidratâciju un plauðu tûsku. Vispârçjâ intravenozâ anestçzija ar propofola infûziju un vispârçja anestçzija ar propofolu-izoflurânu
(II etaps) ievçrojumus hemodinamikas traucçjumus neizraisîja. III etapâ gûtâ pieredze apliecinâja, ka transplantâta reperfûzijas laikâ
izoflurâna anestçzijai piemît lielâks hipotensîvais efekts salîdzinot ar sevoflurânu, bet ðî starpîba nebija statistiski ticama (P < 0.05). Abâs
pacientu grupâs transplantâta primârâ funkcija tika reìistrçta 75%, bet atliktâ — 25% gadîjumu. Vispârçja anestçzija ar moderniem
anestçzijas lîdzekïiem un metodçm, lietojot propofola infûziju kombinâcijâ ar benzodiazepînu midazolâmu un opioîdu fentanîlu, kâ arî
vispârçjâ kombinçtâ anestçzija ar propofolu-izoflurânu, propofolu-sevoflurânu, benzodiazepînu midazolâmu un opioîdu fentanîlu var
nodroðinât efektîvu perioperatîvo aprûpi nieru transplantâcijas laikâ. Îpaða uzmanîba jâpievçrð svarîgajiem pârstâdîtas nieres funkcijas
garantiem — pacienta volçmijas stâvoklim un transplantâta perfûzijas spiedienam asinsrites atjaunoðanas momentâ.


