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ABSTRACT

Combined lung-liver transplantation is a rare life-saving procedure to treat concomitant lung
and liver end stage failure. In this report, we describe the first published case of single lung-
liver transplantation in a cystic fibrosis patient who had previously a pneumonectomy for the
treatment of an infected and destroyed right lung. We detail the lung first sequential
transplant procedure and surgical difficulties due to mediastinal shift. Emergent intra
operative renal replacement therapy was decided before liver transplantation to overcome
pulmonary oedema in the transplanted lung. After fluid balance equilibration, liver
transplantation was performed in good conditions. The patient is currently alive with no signs

of rejection 8 years after the procedure.
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INTRODUCTION

Cystic fibrosis is the most common life threatening autosomal recessive disorder among
Caucasians. This multisystemic disease is due to mutations in the CFTR gene, causing
disorder of electrolyte transport in epithelial cells. Mortality is most commonly due to
pulmonary complications, but nowadays prolonged survival shows that advanced liver
disease is becoming more prevalent and is now considered to be the third cause of death,
accounting for 2.5% of overall mortality among cystic fibrosis patients [1]. Patients who
develop respiratory failure should be offered the option of lung transplantation when they are
on a trajectory of declining lung function. Similarly, patients suffering cirrhosis or portal
hypertension should be considered for liver transplantation [1]. Combined lung-liver
transplantation is proposed for those patients with end-stage lung disease complicated by
concomitant liver disease in whom survival is not expected with single organ transplantation
alone. Here we report the case of a combined single-lung and liver transplantation after a

right pneumonectomy.



CASE REPORT

The patient was a 24-year-old woman suffering from cystic fibrosis diagnosed at birth after
meconium ileus. Genetic analysis revealed homozygous DeltaF508 mutations. Her
pulmonary history was as usual as it can be in cystic fibrosis, with repeated pulmonary
infections, longstanding Pseudomonas Aeruginosa colonization, and episode of
pneumothorax resolutive with a chest drain. Since the age of 8 years, she developed a liver
disease leading to biliary cirrhosis associated with portal hypertension at 14 years old. Two
years later, she suffered from two episodes of variceal bleeding and esophagal veins were
ligated. At the age of twenty, pulmonary symptoms progressed towards an end-stage
respiratory failure with increasingly frequent exacerbations requiring intravenous antibiotics.
Lung function test showed severe obstructive airway disease (functional vital capacity 1.7L,
43% of predicted values, forced expiratory volume in one second (FEV1) 1L, 30 %). She had
a body mass index of 17.3 (weight: 47kg, height: 165 cm). At that point, notwithstanding an
end-stage liver disease, with Child-Pugh class A liver cirrhosis and a model of end-stage liver
disease (MELD) score at 7, she was planned for combined lung and liver transplantation.
Approval for dual listing was made by a multidisciplinary board review. While she was on the
waiting list, her condition degraded again with extensive bronchiectasis resulting in a
destroyed and infected right lung with a retracted right pleural space (Figure 1). The FEV1
declined to 21% and the forced vital capacity to 31%. Despite antibiotics, intensive
physiotherapy and non invasive ventilatory support, she maintened an irreversible atelectasis
and sepsis. After thorough multidisciplinary assessment a right pneumonectomy was
performed for resection of the pulmonary abcess. Pre-operatively, she benefited from a
transjugular intrahepatic portosystemic shunt to decrease portal hypertension. The surgery
was realized through a posterolateral thoracotomy in the fifth intercostal space. The pleural
adhesion was complete, requiring an extensive pneumolysis. Unfortunately early
postoperative period was marked with extubation failure with major hypercapnia (pCO2 :

11,10 kPa) without empyema. Faced with this abrupt worsening of her respiratory function,



the patient was listed in the “high emergency waiting list”, a new allocation system created by

French organ transplantation authorities in 2007 to reduce mortality in the regular waiting list

2].

The surgical intervention was performed eight days after listing, by distal procurement from a
61-year-old donor. Lungs were protected with antegrade and retrograde Celsior solution,
explanted in a slighty inflated status and transported in a cooler (temperature 8°c to 10°c).
Femoral vessels were cannulated for normothermic cardiopulmonary bypass. Left
posterolateral thoracotomy was performed through the fifth intercostal space. After left
pneumonectomy, pulmonary hilum anastomoses were executed conventionally. The
cardiopulmonary bypass time was 210 minutes. After reperfusion, the weaning from
cardiopulmonary bypass was accompanied with pulmonary oedema, elevated central venous
blood pressure and anuria. Cardiopulmonary bypass withdrawal was coupled with
noradrenaline requirement up to 1mcgr/kg/min and use of inhaled nitrogen monoxide. Arterial
blood gas measurements evidenced severe acidosis refractory to intravenous bicarbonates
with corresponding instability and resistance to vasopressors (pH 7.07, PCO2 12kPa, PO2
12kPa under 100% oxygen, lactate level at 6.9mmol/L, base deficit at -3.6 mmol/L,
potassium 6.4mmol/l). In close cooperation between surgeons and anesthesiologists, it was
decided to wait before liver transplantation, and to performe an emergent hemodialysis in the
operative room through continuous veno-venous hemofiltration with minimal heparin to
improve electrolyte management, acid-base status and to restore fluid balance. The liver
transplantation was performed secondarily, after hemodynamic equilibration and
heparinisation reversal. Following a Rio-Branco incision, and a temporary end-to-side
portacaval shunt, liver explantation then transplantation were performed without difficulties.
The total ischemic time was 257 minutes for the lung (cold ischemia: 203 minutes, warm
ischemia: 54 minutes) and 583 minutes for the liver (cold and warm ischemia: 550 minutes
and 33 minutes respectively). Immunosuppression regimen was based on basiliximab

administered on day O and day 4 with methylprednisolone. Maintenance immuno-



suppression consisted of steroid, mycophenolate mofetii and a calcineurin inhibitor
(tacrolimus) initiated in day one. Extubation was possible on postoperative day (POD) 5, as
well as cessation of renal replacement therapy. Discharge from Intensive Care Unit occurred
on POD 15 and discharge from hospital on POD 43. The last follow-up visit take place 96
months after transplantation (Figure 2). The patient has good functional results and quality of
life and was free of rejection episodes. The FEV1 was 51%. No abnormality was detected in

hepatic function tests.



DISCUSSION

Combined liver-single lung transplantation in a patient applies two technically challenging
surgery in a patient with severe two organ failure and mediastinal changes due to previous
pneumonectomy. Lung transplantation alone is the most common transplant performed in
cystic fibrosis patients, followed by liver transplantation alone, and finally combined lung-liver
transplantation. This last procedure is proposed to patients with advanced lung and liver
disease who could not be expected to survive transplantation of either organ alone [3]. It is a
rare procedure with a cumulated experience of slighty more than one hundred cases in
United States [4]. Our patient was at end-stage lung disease and suffered from cirrhosis and
portal hypertension but have not decompensated liver disease with hepatic synthetic
dysfunction and consequently a lower mean MELD score than would be expected for
isolated liver transplantation. It was decided to perform a combined liver and lung
transplantation to preclude the risk of hepatic decompensation leading secondarly to the
necessity of emergent liver transplantation. It appeared preferable to perform a combined
double transplantation rather than potential staged procedures including immunologically
even if combined lung-liver transplantation remains a challenging surgery with opposite
anesthetic goals regarding optimal volume resuscitation. However, recent reports [3,5,6]
showed that midterm survival after combined Lung-Liver transplantation compare similarly
with isolated lung transplantation with a three year survival of more than 70%. In the other
hand, Nash et al studies [7] found that in their institution, carefully selected cystic fibrosis
patients with end-stage lung disease and cirrhosis undergoing lung transplantation had
similar perioperative outcomes and survival. There was no evidence of hepatic
decompensation in their six patients in the perioperative period. Previously, Klima et al [8]
didn’t see complications in cystic fibrosis patients with cystic fibrosis-associated liver disease
and portal hypertension after double lung transplantation. This controversy highlights the
need for close cooperation between lung and liver transplantation teams to define the best

surgical strategy.



Datas are lacking in the literature about single-lung transplantation after previous
pneumonectomy. Short case series or isolated observations are reported and our first case
has been published elsewhere [9,10]. In a nationwide retrospective study, Le Pimpec-
Barthes et al [10] reported a series of 14 patients from France and Belgium who benefited of
a single-lung transplantation after pneumonectomy. The interval between pneumonectomy
and single lung transplantation ranged from 11 months to 30 years. Obviously, anatomical
changes that occur with pneumonectomy due to mediastinal shift and rotation increase the
technical difficulty of the subsequent transplantation with an inhospital mortality up to 29%.
Another important consideration is the obligatory need for Cardiopulmonary Bypass with
increased risk of hemorrhage and difficulties of fluid balance equilibration. Effectively, in this
series, all patients had moderate to severe pulmonary oedema in the early post-operative
period. Authors emphasise the need for careful analysis of pre-operative CT scan to
anticipate perioperative difficulties particularly in cannulation access [10]. The CT-scan also
is helpful for evaluation of the ideal donor lung volume for an oversized recipient’s pleural
cavity. Souilamas et al [11] reported three cases of single-lung transplantation and
metachronous pneumonectomy in patients with cystic fibrosis. In two patients the
pneumonectomy was performed after the single-lung transplantation. They both died of
infectious complications. They advise to perform the pneumonectomy before the lung-
transplantation if possible or otherwise simultaneously. Ganapathi et al [12] founded, using
the United Network for Organ Sharing (UNOS) database, that lung transplantation after
previous major lung resection was associated with increased 90-day mortality and dialysis. In
this series, 22 patients were transplanted after a previous pneumonectomy, the largest
cohort published to date. Interestingly, 10 of these patients (45%) had bilateral lung
transplantation despite prior pneumonectomy. Delay between procedures is not indicated.
Retrospectively, considering the short time delay between pneumonectomy and
transplantation, bilateral lung transplantation could have been proposed to our patient but we

have concerns about post pneumonectomy pleural cavity size after major mediastinal shift



favoured by chronic lung atelectasis and increased bleeding risk due to redo hilum
dissection. Finally, in the paper of Grannas et al [13], one patient undergoing a combined
single lung-liver transplantation after previous pneumonectomy is mentioned. The underlying

disease was not cystic fibrosis and postoperative course was not described.

Acute renal failure defined as a 50% decrease in glomerular filtration rate, is common after
lung transplantation, reaching 39% to 56% in different studies [14,15]. Jacques et al [14]
identified the use of aprotinin and bipulmonary transplantation as predictive factors for
developing acute renal failure. Other predictive factors such as effective volume contraction,
ventricular dysfunction, acute tubular necrosis, sepsis, hypotension or ECMO before lung
transplantation are found in the literature [16,17]. However, data on intraoperative renal
replacement therapy during lung or combined lung-liver transplantation are not specifically
reported but as been studied for liver transplantation. Lamattina et al [18] retrospectively
reviewed cases of intraoperative renal replacement therapy in liver transplant recipients with
new-onset renal failure. The use of intraoperative renal replacement therapy (IORRT)
permited patients with increasing severity of illness to achieve outcomes comparable with
less ill patients. Agopian et al [19] proposed a practical risk score that can be used to
accurately identify the subset of liver recipients receiving pre-transplant renal replacement
therapy that are likely to require intraoperative renal replacement therapy. The selective and
planned use of IORRT at the start of liver transplant may lead to reduced intraoperative
complications and improved post-transplant outcomes compared to the emergent IORRT
group in whom reasons for initiation of hemodialysis were severe acidosis and hemodynamic
instability. In our case, we decided to perform the intraoperative renal replacement therapy
just before liver transplantation, so as to correct the severe metabolic acidosis and to restore

hemodynamic stability and biochemical balance.



Conclusion

Combined lung and liver transplantation is a rare but feasible and effective procedure for
cystic fibrosis patients with end-stage lung and liver disease. Herein it’s the first reported
case of concomitant single lung-liver transplantation after previous controlateral

pneumonectomy with smooth postoperative recoveries.
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Figure legends

Figure 1. Pre-operative chest radiograph and axial CT image demonstrating right lung

collapse with cystic bronchectiasis involving the whole bronchial tree.

Figure 2. Chest radiograph 96 months after transplantation showing good transplanted left

lung expansion and a shift of mediastinal structures towards the right hemithorax.











