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ABSTRACT

Background: Optimizing anesthetic management for the best possible outcome is essential in kidney 
transplantation (KT).

Objective: To evaluate the difference in grafted kidney function and early kidney transplant outcome 
when the pairs of donor-recipient were anesthetized with isoflurane compared to propofol.

Methods: Thirty-eight pairs of kidney transplant donor-recipient were anesthetized with isoflurane, and 
22 pairs were anesthetized with propofol. Blood urea nitrogen (BUN), serum creatinine (SCr), estimated 
glomerular filtration rate (eGFR) were assessed in the preoperative period, on the first postoperative day, 
before discharge from the hospital, and 6 months after KT. Short-term (6 months) outcomes of KT were 
assessed by the incidence of delayed graft function, acute rejection episodes, and graft failure.

Results: There was no statistically significant difference between the two groups in the serial measure-
ments of SCr, BUN, eGFR, and the early outcomes (6 months) after surgery. Interestingly, donor warm 
ischemic time in the propofol group was significantly longer than in the isoflurane group (4.05±1.02, 
2.93±0.87 minutes, respectively) (p=0.001). Moreover, postoperative hospital stay in the propofol group 
were significantly shorter compared to the isoflurane group (9.63±2.96, 11.78±4.91 days, respectively) 
(p=0.02).

Conclusion: There were no significant differences in transplanted kidney function and the early outcome 
of kidney transplantation between the two study groups. However, earlier hospital discharge after sur-
gery in the propofol group suggests that propofol may be a more appropriate anesthetic choice in these 
patients. 
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INTRODUCTION

Choice of appropriate anesthetic tech-
nique for renal procedures, especially 
transplantations, is essential. Impor-

tantly, careful intraoperative monitoring, opti-
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mization of fluid and hemodynamic status, and 
appropriate anesthetics are crucial for the suc-
cess of kidney transplantation (KT). Different 
anesthetics have various hemodynamic effects 
on overall circulation and/or renal perfusion, 
and they may have the potential for inducing 
anti-inflammatory, anti-apoptotic, and anti-
necrotic effects [1]. Ischemia-reperfusion inju-
ry (IRI) is the tissue damage caused by reper-
fusion to tissue after an ischemic period. The 
injury is associated with high morbidity and 
mortality [2]. Modifying IRI will have impor-
tant outcomes.
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Anesthetic conditioning (AC) is the ability of 
anesthetics to induce biochemical changes that 
may reduce IRI [3]. Definition of the process 
based on the time of administering the agents 
included: before ischemia (preconditioning), 
during ischemia (perconditioning), and direct-
ly upon reperfusion (post-conditioning) [4]. 

Isoflurane - a non-toxic volatile anesthetic - is 
commonly used in clinical anesthesia. Volatile 
anesthetics such as isoflurane protect against 
IRI by reducing inflammation and necrosis 
[5]. Isoflurane may exert its reno-protective 
effects by inducing preconditioning [6]. 

Furthermore, studies have shown the non-
anesthetic effects of propofol some of which 
include immunomodulatory, antioxidative, 
and neuroprotective [7]. Propofol may reduce 
hypothermic and ischemic acute kidney injury 
(AKI) in renal transplantation because of its 
antioxidant effects [8]. Propofol has also been 
studied for its reno-protective effect [9]. 

This study aimed to evaluate the effects of iso-
flurane versus propofol on transplanted kid-
ney function and early outcomes (6 months) 
among adult living donor renal transplanta-
tion.

MATERIALS AND METHODS

Patients and Study Design
In this study, sixty related donor-recipient 
pairs who underwent living donor KT were 
enrolled. Inclusion criteria were: age >18 years, 
no history of allergy, and stable hemodynam-
ics during the transplant surgery. We defined 
stable hemodynamics as intra-operative mean 
blood pressure (MAP) within 30% of baseline 
preoperative values. Simultaneous renal and 
non-renal solid organ transplantation and 
kidney re-transplant surgery (re-KT) were 
excluded from the study.

At the discretion of the nephrologist, dialysis 
was performed before surgery. After establish-
ing routine hemodynamic monitoring, general 
anesthesia was induced for all donors and re-
cipients, with 0.03mg/kg of midazolam, 50-

100 μg fentanyl, 3-5 mg/kg thiopental, and 
0.5 mg/kg atracurium. Following tracheal 
intubation, mechanical ventilation with a tidal 
volume of 8 to 10 mL/kg was delivered using 
a mixture of medical air and oxygen at a fresh 
gas flow rate of 2 L/min. The respiratory rate 
was adjusted as needed to maintain normocap-
nia. Anesthesia was maintained using isoflu-
rane 0.6% to 1.2% (group I, n=38) or propofol 
50 to 100 mcg/kg/minute; titrated to clinical 
response (group P, n=22), and all patients re-
ceived bolus doses of atracurium and fentanyl 
during the surgery. After induction of anes-
thesia, a central venous pressure catheter and 
a radial artery catheter were placed for con-
tinuous hemodynamic monitoring and blood 
sampling. During surgery, normothermia was 
maintained by infusion of warmed fluids and 
the use of heated blankets.

Fluid management in the donors included 6 
to 8 mL/kg of crystalloids. In addition, iso-
tonic saline (approximately 5 mL/kg/h) was 
infused in the recipients to maintain central 
venous pressure at 10 to 15 mmHg and en-
sure adequate perfusion of the transplanted 
kidney. Intravenous 20% mannitol (200-250 
ml) was routinely used for both donors (after 
induction of anesthesia until before arterial 
clamping) and recipients (before reperfusion of 
graft). The use of inotropes and vasopressors 
was at the discretion of the anesthetist and in 
response to the patient's hemodynamic status. 
Transfusion of packed red blood cells (PRBCs) 
was used to target hematocrit of 21%. At the 
end of the surgery, tracheal extubation was 
performed for all patients.

An immunosuppressed condition was obtained 
using the following regimen for recipients in 
both groups: induction of immunosuppression 
with methylprednisolone and maintenance 
with methylprednisolone, a calcineurin inhibi-
tor (tacrolimus or cyclosporine), and an anti-
metabolite (mizoribine or mycophenolic acid).

We analyzed the demographic characteristic 
of the patients. Also, intraoperative variables 
including cold and warm ischemia time, crys-
talloid infused, blood loss, and urine output 
were assessed. Blood urea nitrogen (BUN), 
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serum creatinine (SCr), estimated glomerular 
filtration rate (eGFR) results were evaluated 
during the preoperative period, on the first 
postoperative day, and before discharge from 
the hospital. Postoperative variables included 
the length of postoperative hospital stay, the 
occurrence of delayed graft function, acute re-
jection episodes, and graft failure within the 6 
months following transplantation.

Ethical Considerations
This study was approved by Mashhad Uni-
versity of Medical Sciences Ethics Committee 
(No.IR.MUMS.REC.1393.138). All patients 
provided written informed consent.

Statistical Analysis 
Results were expressed as frequency and per-
centage for categorical variables and mean ± 
SD or median (range) for continuous variables. 
The chi-square test or the Fisher exact test 
was used for comparison of qualitative vari-
ables, and the Mann-Whitney test was used 
for comparison of continuous variables. A p-
value of <0.05 was considered statistically 
significant. All statistical analyses were per-
formed using the SPSS software, version 16. 
The sample size was determined using the se-
rum creatinine variable in the study by Sahin 
SH et al. [10] with the following assumptions: 
test power of 80%, α=0.10, and β=0.19.

RESULTS

Sixty donor-recipient couples who underwent 
kidney transplantation were included in the 
present study. 

Clinical and demographic characteristics of the 
renal transplant donors are shown in (Table 1). 
There were no significant differences in the 
variables between the two groups (p>0.05).

Baseline demographic and perioperative pa-
rameters of the recipients in the propofol and 
isoflurane groups are detailed in Table 2. The 
results showed that "donor warm ischemic 
time" in the propofol group was significantly 
longer than the isoflurane group (p=0.001). In 
addition, patients anesthetized with propofol 
were discharged significantly earlier after kid-
ney transplantation than those anesthetized 
with isoflurane (9.63±2.96 versus 11.78±4.91 
days, respectively; p=0.02). 

Transplanted kidney function and outcomes 
up to 6 months after surgery are shown in 
Table 3. Accordingly, there were no signifi-
cant differences in the occurrence of delayed 
graft function (DGF) or acute rejection epi-
sode (ARE) 6 months after transplantation 
(p>0.99, p=0.37, respectively). Furthermore, 
there was no graft loss within 6 months of 
transplantation.

DISCUSSION

Based on the results of our study, both meth-
ods of anesthesia may be considered safe in liv-
ing donor kidney transplant patients. Howev-
er, fewer days of hospitalization after surgery 
in the propofol group suggests that propofol 
may be a more appropriate anesthetic choice 
in these patients. Also, the results showed that 
the donor warm ischemic time in the propofol 
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Table 1: Demographic characteristics and perioperative data of the renal transplant donors.

Variables* Isoflurane Group (n=38) Propofol Group (n=22) P value
Age, year 30.43±5.11 30.13±5.38 0.83

Male gender, no.(%) 30 (81.8%) 15 (68.2%) 0.26

Body mass index, kg/m2 26.5±2.4 26.4±1.8 0.52

Pre-op BUN, mmol/L 9.85±2.61 8.93±2.54 0.19

Pre-op Cr, μmol/L 83.98±12.37 79.56±13.26 0.26

Fluid intake, L 4.99±0.86 4.88±1.04 0.67

Urine output, L 2.52±0.84 2.49±0.80 0.86

Blood loss, L 0.21±0.09  0.23±0.08 0.11

Preoperative serum blood urea nitrogen (Pre-op BUN), Preoperative serum creatinine (Pre-op Cr).
*Values are expressed as mean±standard deviation (SD) or the number (%)
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group was significantly longer.

The study, by Lee and colleagues [11] con-
cluded that there were no differences between 
anesthesia with desflurane versus propofol on 
grafted kidney function when the same anes-
thetic was used in the recipient and the match-
ing live donor (preconditioning). However, in 
our study, early postoperative hospital dis-
charge in the propofol group could be related 
to differences in characteristics between the 
two anesthetic agents.

First, propofol has anxiolytic effects through 
the GABAA receptor [12]. Previous studies 
have shown that propofol has analgesic and 
antinociceptive effects [13]. Propofol also acts 
on other receptors involved in pain signaling, 
which may be important in the central sen-
sitization of pain [14]. In addition, Cheng et 
al. [15] reported that general anesthesia with 
propofol was associated with less postopera-

tive pain and analgesic use than general anes-
thesia with isoflurane.

Second, propofol is known to have an anti-
emetic effect, which is associated with inhibi-
tion of the 5-hydroxytryptamine- 3 (5-HT) 
receptors in the serotonergic system, dopa-
minergic (D2) receptors in the chemorecep-
tor trigger zone, and the limbic system [13]. 
Postoperative nausea and vomiting (PONV) 
can lead to prolonged hospitalization and hos-
pital readmission. Based on the randomized 
controlled trial performed by Apfel and col-
leagues [16], total intravenous anesthesia has 
become part of multimodal strategies to re-
duce a patient’s risk of PONV. A recent meta-
analysis demonstrated that total intravenous 
anesthesia (TIVA) reduces the relative risk of 
PONV compared with inhalational anesthet-
ics [17]. 

Finally, the clinical effects of anesthetics on 
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Table 2: Demographic and perioperative data of the renal transplant recipients.

Variables* Isoflurane Group (n=38) Propofol Group (n=22) P value
Age, year 34.81±11.31 34.77±12.75 0.99

Male gender, no.(%) 24 (64.9) 12 (54.5) 0.58

Body mass index, kg/m2 24.5±3.6 24.6±4.1 0.65

Cause of ESRD

Hypertension 10 (27%) 8 (36.4%)

0.86

Diabetes mellitus 3 (8.1%) 2 (9.1%)

Glomerulonephritis 5 (13.5%) 1 (4.5%)

Polycystic kidney disease 2 (5.4%) 2 (9.1%)

Unkown 12 (32.4%) 6 (27.3)

Others 5 (13.5%) 3 (13.6%)

Pre-op BUN, mmol/L 35.63±13.14 30.35±12.54 0.19

Pre-op Cr, μmol/L 724.89±318.24 751.41±291.72 0.58

Preop eGFR, ml/s 0.14±0.05 0.14±0.06 0.38

CIT, min 40.94±12.25 39.77±17.67 0.76

WIT, min 2.93±0.87 4.05±1.02 0.001

Intra-op Fluid intake, L 3.89±0.73 4.0±0.96 0.63

Intra-op Urine output, L 0.98±0.65 1.03±0.73 0.75

Intra-op Blood loss, L 0.34±0.17 0.40±0.10 0.15

Duration of surgery, min 276±38.9 282±39.1 0.21

Post-op type of calcineurin inhibitor
Tacrolimus, Cyclosporine 36, 2 19, 3 0.54

Preoperative serum blood urea nitrogen (Pre-op BUN), Preoperative serum creatinine (Pre-op Cr), Preoperative estimated glomerular filtration 
rate (Pre-op eGFR), Cold ischemia time (CIT), Warm ischemic time (WIT), Intra-operative (Intra-op).
*Values are expressed as mean±standard deviation (SD) or the frequency (%)
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Table 3: Grafted kidney function and outcomes in 6 months after transplantation.

Variables* Isoflurane Group (n=38) Propofol Group (n=22) P value
Hospitalization days after surgery 11.78±4.91 9.63±2.96 0.02

Creatinine, μmol/L

On the day of discharge 112.29±29.18 114. 95±39.79 0.38

In 6 months after surgery 114.06±30.95 119.37±48.63 0.40

Patients with DGF, no.(%) 1 (2.7%)  0 (0%) >0.99

AREs within 6 months, no.(%) 3 (7.9%) 1 (4.5%) 0.37

Delayed graft function (DGF), Estimated glomerular filtration rate (eGFR), Acute rejection episode (ARE).
*Values are expressed as mean±standard deviation (SD) or the frequency (%)

intraoperative hemostasis showed an interest-
ing trend in which intraoperative bleeding 
was less with using intravenous propofol than 
the volatile anesthetics isoflurane and sevoflu-
rane. As in endoscopic sinus surgery, volatile 
agents impaired platelet aggregation and clot 
stability more than propofol [18]. However, 
the dose and duration of exposure to the anes-
thetic drugs have not been reported.

Donor warm ischemia is also known as ex-
traction time, which is the time interval from 
clamping the vascular pedicle of the donor's 
kidney to placing the retrieval kidney in cold 
storage [19]. Literature on the effect of kid-
ney-donor warm ischemic time on the early 
graft function has been scarce. Interestingly, 
our study showed a significantly longer “do-
nor warm-ischemia time” in the propofol 
group. However, there were no adverse effects 
on renal graft function or the short-term out-
come of renal transplantation.

The main limitation of this study is the small 
sample size. Despite this limitation, our study 
provides some guidance for future studies on 
the effects of anesthetics in kidney transplants.

We evaluated the effect of isoflurane against 
total intravenous anesthesia with propofol on 
renal graft function by practical and available 
laboratory tests. We conclude that both meth-
ods of anesthesia have no superiority in terms 
of kidney graft function and early outcome of 
surgery. Nevertheless, kidney recipients re-
ceiving intravenous propofol were discharged 
from the hospital earlier than those receiving 
isoflurane. Therefore, intravenous propofol 

should be considered as the anesthetic method 
of choice in living-donor kidney transplanta-
tion to facilitate early postoperative hospital 
discharge.

ACKNOWLEDGEMENTS

We would like to thank Monir Mirzadeh at 
the Organ Transplant Center of Mashhad 
University of Medical Sciences for her assis-
tance in data collection.

CONFLICTS OF INTEREST: None declared. 

FINANCIAL SUPPORT: None.

REFERENCES
1.	 Fukazawa K, Lee HT. Volatile anesthetics and AKI: 

risks, mechanisms, and a potential therapeutic 
window. J Am Soc Nephrol 2014;25:884-92.

2.	 Malek M, Nematbakhsh M. Renal ischemia/reper-
fusion injury; from pathophysiology to treatment. 
J Renal Inj Prev 2015;4:20-27. 

3.	 Minguet G, Joris J, Lamy M. Preconditioning and 
protection against ischaemia-reperfusion in non-
cardiac organs: a place for volatile anaesthetics? 
Eur J Anaesthesiol 2007;24:733-45. 

4.	 Ludman AJ, Yellon DM, Hausenloy DJ. Cardiac pre-
conditioning for ischaemia: lost in translation. Dis 
Model Mech 2010;3:35-8. 

5.	 Lee HT, Ota-Setlik A, Fu Y, et al. Differential pro-
tective effects of volatile anesthetics against renal 
ischemia-reperfusion injury in vivo. Anesthesiol-
ogy 2004;101:1313-24. 

6.	 Hashiguchi H, Morooka H, Miyoshi H, et al. Isoflu-
rane protects renal function against ischemia and 
reperfusion through inhibition of protein kinases, 
JNK and ERK. Anesth Analg 2005;101:1584-9.

Anesthetics and Living Donor Kidney Transplantation



20 Int J Org Transplant Med 2021; Vol. 12 (4)    www.ijotm.com 

7.	 Dogan Z, Yuzbasioglu MF, Kurutas EB, et al. Thio-
pental improves renal ischemia–reperfusion inju-
ry. Ren Fail 2010;32:391-5.

8.	 Snoeijs MG, Vaahtera L, de Vries EE, et al. Addition 
of a Water-Soluble Propofol Formulation to Pres-
ervation Solution in Experimental Kidney Trans-
plantation. Transplantation 2011;92:296-302. 

9.	 Li Y, Zhong D, Lei L, et al. Propofol Prevents Re-
nal Ischemia-Reperfusion Injury via Inhibiting the 
Oxidative Stress Pathways. Cell Physiol Biochem 
2015;37:14-26. 

10.	 Sahin SH, Cinar SO, Paksoy I, et al. Comparison be-
tween low flow sevoflurane anesthesia and total 
intravenous anesthesia during intermediate-dura-
tion surgery: effects on renal and hepatic toxicity. 
Hippokratia 2011;15:69-74.

11.	 Lee JH, Joo DJ, Kim JM, et al. Preconditioning ef-
fects of the anesthetic administered to the donor 
on grafted kidney function in living donor kidney 
transplantation recipients. Minerva Anestesiol 
2013;79:504-14.

12.	 Brechmann T, Maier C, Kaisler M, et al. Propofol 
sedation during gastrointestinal endoscopy arous-
es euphoria in a large subset of patients. United 
European Gastroenterol J 2018;6:536-46. 

13.	 Vasileiou I, Xanthos T, Koudouna E, et al. Propofol: 
A review of its non-anaesthetic effects. Eur J Phar-
macol 2009;1; 605:1-8. 

14.	 Qiu Q, Sun L, Wang XM, et al. Propofol pro-
duces preventive analgesia via GluN2B-contain-
ing NMDA receptor/ERK1/2 signaling pathway 
in a rat model of inflammatory pain. Mol Pain 
2017;13:1744806917737462. 

15.	 Cheng SS, Yeh J, Flood P. Anesthesia matters: pa-
tients anesthetized with propofol have less post-
operative pain than those anesthetized with iso-
flurane. Anesth Analg 2008;106:264-9.

16.	 Apfel CC, Korttila K, Abdalla M, et al. A Factorial 
Trial of Six Interventions for the Prevention of 
Postoperative Nausea and Vomiting. N Engl J Med 
2004;350:2441-51. 

17.	 Schraag S, Pradelli L, Alsaleh AJO, et al. Propofol vs. 
inhalational agents to maintain general anaesthe-
sia in ambulatory and in-patient surgery: a system-
atic review and meta-analysis. BMC Anesthesiol 
2018;18:162.

18.	 Yuki K, Bu W, Shimaoka M, Eckenhoff R. Volatile 
anesthetics, not intravenous anesthetic propofol 
bind to and attenuate the activation of platelet re-
ceptor integrin αIIbβ3. PLoS One 2013;8:e60415. 

19.	 Osband AJ, James NT, Segev DL. Extraction Time 
of Kidneys From Deceased Donors and Impact on 
Outcomes. Am J Transplant 2016;16:700-3.

S. Milani, M. Sadeghi, et al




