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Abstract: In this case report, we present a successful combined liver-kidney transplantation (CLKT) performed on a 

41-year-old female with end-stage liver and renal disease. The patient, previously undergoing liver transplantation and 

regular hemodialysis, underwent CLKT with a focus on specific anesthesia management strategies. Key aspects included 

the use of desflurane for anesthesia, balanced crystalloid solutions for fluid management, and careful monitoring of 

hemodynamics without intraoperative renal replacement therapy. Despite substantial intraoperative fluid and blood 

product administration, careful management ensured stable vital signs and acid-base balance. The patient's postoperative 

recovery was notable for significant improvements in liver and renal functions, demonstrated by decreased creatinine 

and bilirubin levels, and improved estimated glomerular filtration rate, without the need for postoperative dialysis. This 

case underscores the effectiveness of CLKT in patients with concurrent liver and renal dysfunction, highlighting the 

importance of tailored anesthesia and fluid management strategies. The report contributes to the limited literature on 

anesthesia in CLKT, providing insights for better outcomes in such complex surgical procedures. 
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INTRODUCTION 
Approximately 16% of liver transplantation 

recipients are concurrently diagnosed with chronic 

kidney disease (CKD) at the time of transplant [1]. In 

cases involving these patients, there is evidence 

suggesting that combined liver-kidney transplantation 

(CLKT) results in a higher survival rate than liver 

transplantation alone. Since the first reported CLKT by 

Margreiter et al., in 1984 [2], the number of CLKT cases 

has increased significantly, with the count in 2019 being 

triple that of 2001 [3]. In South Korea, only 38 CLKTs 

were performed from 2000 to 2019 [4]. However, 

considering the rising incidence of CKD in the South 

Korean population, an increase in CLKT procedures is 

expected [5]. 

 

Since 2020, our hospital has conducted 71 liver 

transplants, among which our first CLKT was 

performed. Although there are some publications on 

anesthesia management in CLKT, they are few in 

number [6-8]. Thus, our report aims to share our initial 

experiences with CLKT, with a particular focus on 

anesthesia-related aspects. 

 

CASE REPORT 
A 41-year-old female patient (height 160.9 cm, 

weight 47.8 kg) with a preoperative model for end-stage 

liver disease (MELD) score of 37 was scheduled for a 

deceased donor combined liver-kidney transplantation 

(CLKT). She previously underwent deceased donor liver 

transplantation in 2016 due to alcoholic liver cirrhosis. 

In 2020, she was diagnosed with end-stage renal disease 

and has since undergone hemodialysis three times per 

week. Her last hemodialysis was conducted three days 

before her scheduled CLKT. 

 

On the day of the surgery, the patient was 

monitored using a pulse oximeter, 3-lead 

electrocardiography, and two invasive arterial pressure 

measurements (one from the right radial artery and the 

other from the left femoral artery). Central venous 
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pressure was assessed via the left internal jugular vein. 

To minimize transfusion volume, a cell saver was 

employed, and an air warming blanket was used to 

prevent hypothermia. Anesthesia was induced using 

midazolam, remifentanil, and rocuronium, and 

maintained with desflurane. Renal replacement therapy 

was not employed during the procedure. The total 

anesthetic duration was 12 hours, with uneventful liver 

reperfusion occurring 3 hours and 35 minutes, and 

kidney reperfusion 7 hours, after the start of the 

operation. The total volume of fluid administered was 

10000 ml (plasmalyte 7000 ml, hartmann solution 1000 

ml, 0.9% normal saline 500 ml, 5% albumin 1500 ml) 

and the transfusion volume was as follows: 11 packs of 

red blood cells, 9 packs of fresh frozen plasma, 7 packs 

of cryoprecipitate, 6 packs of platelets. The total bleeding 

amount was 6000 ml. Despite employing an air warming 

blanket, the core temperature, as measured in the 

esophagus, consistently remained below 36°C 

throughout the surgical procedure. Following liver 

reperfusion, central venous pressure was maintained 

within a range of 12-15 mmHg and subsequently rose to 

a maximum of 20 mmHg post-kidney reperfusion. The 

stroke volume variance was predominantly maintained 

below 15 for the majority of the operation. Information 

about blood pressure, pulse, central venous pressure, 

body temperature, and input-output from the start to the 

end of anesthesia is summarized in Fig 1. Results of the 

arterial blood gas analysis during the operation are 

presented in Fig 2. Throughout the procedure, the pH and 

potassium levels were maintained within the ranges of 

7.15-7.45 and 3.0-5.0, respectively, even without renal 

replacement therapy. Total 40 mEq of sodium 

bicarbonate was administrated during the procedure. 

 

After the operation, the patient moved to 

intensive care unit with norepinephrine 0.14 

mcg/kg/min. The patient was extubated on postoperative 

day 2. On postoperative day 8, the patient was moved to 

the general ward and was discharged on postoperative 

day 27. The creatinine level at postoperative day 1 

decreased from 10.29 to 3.82, total bilirubin from 8.57 to 

3.90, and PT (INR) from 2.94 to 2.78. The estimated 

glomerular filtration rate improved from 4.2 to 13.9. The 

patient maintained normal kidney and liver functions for 

up to 18 months postoperatively, as shown in Fig 3. 

 

 
Fig. 1: Anesthetic record during combined liver kidney transplantation. CVP, central venous pressure; SVV, 

stroke volume variance; FFP, fresh frozen plasma; Cryo, cryoprecipitate; SBP, systolic blood pressure; HR, heart 

rate; DBP, diastolic blood pressure 
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Fig. 2: Arterial blood gas analysis result during combined liver kidney transplantation anesthesia. 

 

 
Fig. 3: Laboratory result from admission to 18 month post-transplantation. T-bilirubin, total bilirubin; PT, 

prothrombin time; eGFR, estimated glomerular filtration rate. 

 

DISCUSSION 
Currently, there are no universally accepted 

criteria for CLKT worldwide. However, according to 

criteria published by the United Network for Organ 

Sharing (UNOS) in 2017, candidates for CLKT are 

considered if they have an estimated glomerular filtration 

rate of 60 ml/min/1.73m² for more than 3 months, 

sustained acute kidney injury, or metabolic disease [3]. 

In this case, the patient was eligible for CLKT as she was 

receiving dialysis for end-stage renal disease for two 

years prior to surgery. During CLKT surgery, liver 

transplantation is performed first, as the ischemic time 

for the liver is shorter than that for the kidney [6]. 

 

Although there is no specific research dedicated 

to the preferred inhalation anesthetic for Combined 

Liver-Kidney Transplantation (CLKT), existing 

literature suggests that both desflurane and sevoflurane 

are effective in minimizing ischemia-reperfusion injuries 

[9]. When evaluating postoperative outcomes, 

particularly in terms of renal and liver functions as 

indicated by measurements like eGFR, creatinine, and 

total bilirubin, desflurane demonstrates superior results. 

Furthermore, it provides enhanced liver protection 

compared to sevoflurane [10]. While the distinct 

advantages of these anesthetics are less apparent seven 

days after transplantation [11], desflurane, when 

considering all factors, can be regarded as the more 

favorable option for volatile anesthesia in CLKT. 

 

In this case, we administered balanced 

crystalloid solutions (Plasmalyte and Hartmann solution) 

as the maintenance fluid. As 0.9 % normal saline does 

not contain potassium, previous CLKT case report used 
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this as a maintenance fluid [7]. However, a case report 

published by Wi et al., [6], used balanced crystalloids as 

the primary fluid choice. This aligns with the 

recommendation to utilize balanced salt solutions for 

patients with end-stage renal disease [12]. These 

solutions have a more neutral pH compared to 0.9 % 

normal saline and contain only a minimal amount of 

potassium (typically 4-5 mEq/L). However, 0.9% normal 

saline can cause hyperchloremic acidosis, which in turn 

can increase extracellular potassium levels [12]. Fluid 

management during surgery can be divided into two 

phase. During pre-anhepatic phase, restricted fluid 

replacement is recommende (central venous pressure 

below 7 mmHg, stroke volume variation below 10 %) 

because excessive fluid administration can lead to liver 

graft dysfunction [13, 14]. During this phase, if the 

patient received preoperative dialysis, hemodynamic 

instability during the induction of general anesthesia may 

be more pronounced [13]. After liver reperfusion, central 

venous pressure should be increased to around 10 mmHg 

while avoiding fluid overload to increase renal blood 

flow [7-15]. Stroke volume variance can also be used as 

a alternative to central venous pressure. one study 

described that a stroke volume variance of 6% is 

equivalent to a central venous pressure of 8 mmHg 

during kidney transplantation [16]. In the present case, 

we also maintained central venous pressure at 

approximately 12 mmHg and stroke volume variance 10 

% before kidney reperfusion. 

 

It is recommended to maintain the target mean 

arterial pressure between 60-75 mmHg during CLKT by 

using norepinephrine, as it has been shown to increase 

glomerular filtration rate and renal oxygen consumption 

[17]. This recommendation is further supported by 

another study, which associates maintaining a systolic 

blood pressure of 121-130 mmHg with good kidney graft 

survival [18]. 

 

In liver transplantation patients with renal 

dysfunction, intraoperative renal replacement therapy 

(IORRT) can be utilized. However, despite its high cost, 

invasiveness, and the considerable effort required for 

initiation, there is no quantified benefit from its use [19]. 

There is also a study shown that compared to non-

IORRT liver transplantation patient, emergent IORRT is 

associated with more intraoperative complications and 

longer ICU hospitalizations [20]. In our case, pH and 

potassium levels were maintained within normal limits 

without IORRT during the procedure, and metabolic 

acidosis was managed with sodium bicarbonate. 

 

In this case report, a crucial aspect to consider 

is the patient's body temperature. In our case, patient 

warming was initiated after the induction was completed. 

Due to the delay in starting warming, the patient's body 

temperature remained below 36 °C throughout the 

surgery. Low body temperatures during surgery can 

increase the risk of cardiac arrhythmia and hyperkalemia 

[21]. Therefore, in subsequent CLKT cases, special 

attention should be paid to maintaining the patient's body 

temperature. 

 

Recipients of CLKT demonstrated higher 

survival rates than those who received only liver 

transplants and had renal dysfunction [22]. The 

frequency of post-operation dialysis was higher among 

CLKT recipients compared to liver transplant recipients 

[23]. In our case, the CLKT patient exhibited dramatic 

improvements in creatinine, total bilirubin, prothrombin 

time, and estimated glomerular filtration rate after the 

operation, and did not require dialysis post-surgery.  

 

The limitation of our case report is its basis on 

a single case, meaning the findings and conclusions 

drawn may not be widely applicable to all CLKT 

patients. There is a need for larger studies or a series of 

case reports to validate these findings and ensure broader 

applicability. 

 

In conclusion, this case report illustrates the 

effectiveness of combined liver-kidney transplantation 

(CLKT) for patients with concurrent liver and renal 

dysfunction. Our findings indicate that CLKT recipients 

have higher survival rates and improved postoperative 

outcomes compared to liver-only transplant recipients. 

Key factors contributing to this success include the 

careful choice of anesthetic agents, particularly 

desflurane, and the strategic management of 

intraoperative fluids and hemodynamics. 

 

Acknowledgments: None 

 

Ethics Approval 

This case report was reviewed and approved by 

the Institutional Review Board of Keimyung University 

Dongsan Medical Center at 4 Dec 2023 (IRB no. 2023-

11-039). Informed consent was waived due to 

retrospective design. 

 

Conflict of Interest: The authors have no conflict of 

interest relevant to this article. 

 

Funding: None 

 

REFERENCES 
1. Cullaro, G., Verna, E. C., Lee, B. P., & Lai, J. C. 

(2020). Chronic kidney disease in liver transplant 

candidates: a rising burden impacting post–liver 

transplant outcomes. Liver transplantation, 26(4), 

498-506. 

2. Margreiter, R., Kramar, R., Huber, C., Steiner, E., 

Niederwieser, D., Judmaier, G., & Vogel, W. 

(1984). Combined liver and kidney 

transplantation. The Lancet, 323(8385), 1077-1078. 

3. Ekser, B., Contreras, A. G., Andraus, W., & Taner, 

T. (2020). Current status of combined liver-kidney 

transplantation. International Journal of 

Surgery, 82, 149-154. 



 

Hyun Ji Je et al; SAR J Med Case Rep; Vol-5, Iss- 1 (Jan-Feb, 2024): 5-9. 

© 2024 | South Asian Research Publication                                                                                                                                             9 

 

4. Kim, M., Hwang, S., Ahn, C. S., Moon, D. B., Ha, 

T. Y., Song, G. W., ... & Lee, S. G. (2020). 

Simultaneous liver-kidney transplantation: A single-

center experience in Korea. Annals of Hepato-

biliary-pancreatic Surgery, 24(4), 454-459. 

5. Hong, Y. A., Ban, T. H., Kang, C. Y., Hwang, S. D., 

Choi, S. R., Lee, H., ... & Kim, Y. K. (2021). Trends 

in epidemiologic characteristics of end-stage renal 

disease from 2019 Korean Renal Data System 

(KORDS). Kidney research and clinical 

practice, 40(1), 52. 

6. Wi, W., Hahm, T. S., & Kim, G. S. (2017). A case 

series on simultaneous liver and kidney 

transplantation: do we need intraoperative renal 

replacement therapy?. Korean Journal of 

Anesthesiology, 70(4), 467-476. 

7. Rajakumar, A., Gupta, S., Malleeswaran, S., 

Varghese, J., Kaliamoorthy, I., & Rela, M. (2016). 

Anaesthesia and intensive care for simultaneous 

liver-kidney transplantation: A single-centre 

experience with 12 recipients. Indian Journal of 

Anaesthesia, 60(7), 476. 

8. Kim, J. H., Lim, B. R., & Jung, J. Y. (2013). 

Intraoperative Fluid Management in Combined 

Liver-Kidney 

Transplantation. 대한중환자의학회지: 제, 28(4). 

9. Jahn, N., Völker, M. T., Laudi, S., Stehr, S., 

Schneeberger, S., Brandacher, G., ... & Sucher, R. 

(2022). Analysis of Volatile Anesthetic-Induced 

Organ Protection in Simultaneous Pancreas–Kidney 

Transplantation. Journal of Clinical 

Medicine, 11(12), 3385. 

10. Ko, J. S., Gwak, M. S., Choi, S. J., Yang, M., Kim, 

M. J., Lee, J. Y., ... & Joh, J. W. (2010). The effects 

of desflurane and sevoflurane on hepatic and renal 

functions after right hepatectomy in living 

donors. Transplant International, 23(7), 736-744. 

11. Mangus, R. S., Kinsella, S. B., Farar, D. T., Fridell, 

J. A., Woolf, L. T., & Kubal, C. A. (2018, June). 

Impact of volatile anesthetic agents on early clinical 

outcomes in liver transplantation. 

In Transplantation Proceedings (Vol. 50, No. 5, pp. 

1372-1377). Elsevier. 
12. Chaibi, K., & Gaudry, S. (2020). Renal function and 

anesthesia. In: Keech BM, Laterza RD, editors. 

Anesthesia secrets. 6th ed. Philadelphia: Elsevier, 283-9. 

13. Payne, S., Gonzalez, N., & Dhir, A. (2023). 

Combined Liver and Kidney Transplant. In Peri-

operative Anesthetic Management in Liver 

Transplantation (pp. 595-602). Singapore: Springer 

Nature Singapore. 

14. Halemani, K. R., & Bhadrinath, N. (2017). 

Combined liver and kidney transplantation: Our 

experience and review of literature. Indian Journal 

of Anaesthesia, 61(1), 68. 

15. Calixto Fernandes, M. H., Schricker, T., Magder, S., 

& Hatzakorzian, R. (2018). Perioperative fluid 

management in kidney transplantation: a black 

box. Critical Care, 22(1), 1-10. 

16. Chin, J. H., Jun, I. G., Lee, J., Seo, H., Hwang, G. S., 
& Kim, Y. K. (2014, December). Can stroke volume 

variation be an alternative to central venous pressure in 
patients undergoing kidney transplantation?. 

In Transplantation Proceedings (Vol. 46, No. 10, pp. 

3363-3366). Elsevier. 

17. Skytte Larsson, J., Bragadottir, G., Redfors, B., & 

Ricksten, S. E. (2018). Renal effects of 

norepinephrine‐induced variations in mean arterial 

pressure after liver transplantation: A randomized 

cross‐over trial. Acta Anaesthesiologica 

Scandinavica, 62(9), 1229-1236. 

18. Agarwal, K. A., Agarwal, U. K., & Pavlakis, M. 

(2023, January). Impact of Blood Pressure Control 

on Graft Survival in Kidney Transplant Recipients. 

In Transplantation Proceedings (Vol. 55, No. 1, pp. 

98-102). Elsevier. 

19. Paine, C. H., & Pichler, R. H. (2020). Intraoperative 

renal replacement therapy for liver transplantation: 

Is there really a benefit?. Liver 

Transplantation, 26(8), 971-972. 

20. Agopian, V. G., Dhillon, A., Baber, J., Kaldas, F. 

M., Zarrinpar, A., Farmer, D. G., ... & Busuttil, R. 

W. (2014). Liver transplantation in recipients 

receiving renal replacement therapy: outcomes 

analysis and the role of intraoperative 

hemodialysis. American journal of 

transplantation, 14(7), 1638-1647. 

21. Faenza, S., Arpesella, G., Bernardi, E., Faenza, A., 

Pierucci, E., Siniscalchi, A., ... & Pinna, A. D. 

(2006, May). Combined liver transplants: main 

characteristics from the standpoint of anesthesia and 

support in intensive care. In Transplantation 

proceedings (Vol. 38, No. 4, pp. 1114-1117). 

Elsevier. 

22. Brennan, T. V., Lunsford, K. E., Vagefi, P. A., 

Bostrom, A., Ma, M., & Feng, S. (2015). Renal 

outcomes of simultaneous liver–kidney 

transplantation compared to liver transplant alone 

for candidates with renal dysfunction. Clinical 

transplantation, 29(1), 34-43. 

23. Nagai, S., Safwan, M., Collins, K., Schilke, R. E., 

Rizzari, M., Moonka, D., ... & Abouljoud, M. 

(2018). Liver alone or simultaneous liver–kidney 

transplant? Pretransplant chronic kidney disease and 

post‐transplant outcome–a retrospective 

study. Transplant International, 31(9), 1028-1040. 

 


