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Refractory Septic Shock Treated with Nephrectomy under the Support 
of Extracorporeal Membrane Oxygenation

Young Kun Lee, M.D., Jeong Am Ryu, M.D., Jeong Hoon Yang, M.D., Chi-Min Park, M.D.,  
Gee Young Suh, M.D., Kyeongman Jeon, M.D., and Chi Ryang Chung, M.D.

Department of Critical Care Medicine, Samsung Medical Center, Sungkyunkwan University School of Medicine, Seoul, Korea

   Conventional medical therapies have not been very successful in treating adults with refractory septic shock. The effects of direct he-
moperfusion using polymyxin B and veno-arterial extracorporeal membrane oxygenation (ECMO) for refractory septic shock remain 
uncertain. A 66-year-old man was admitted to the emergency department and suffered from sepsis-induced hemodynamic collapse. 
For hemodynamic improvement, we performed direct hemoperfusion using polymyxin B. Computed tomography scan of this patient 
revealed emphysematous pyelonephritis (EPN), for which he underwent emergent nephrectomy with veno-arterial ECMO support. To 
the best of our knowledge, this is the first report of successful treatment of EPN with refractory septic shock using polymyxin B hemo-
perfusion and nephrectomy under the support of ECMO.
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■ Case Report ■

It is difficult to treat adults with septic shock, which is refractory to adequate intravascular volume and infusion of very high-
dose catecholamines. Endotoxin plays an important role in the pathogenesis of septic shock. Polymyxin B hemoperfusion aims 
to remove circulating endotoxin by adsorption, theoretically preventing the progression of the biological cascade of sepsis. In 
a systematic review, we found that when direct hemoperfusion with the polymyxin B (PMX-DHP) was carried out, there were 
significant improvements in the hemodynamics, pulmonary oxygenation, and mortality of patients with septic shock.[1] How-
ever, we do not have sufficient evidence to prove that PMX-DHP was applied while conducting rescue therapy on patients 
with refractory septic shock. To treat neonates and children with refractory septic shock , the American College of Critical 
Care Medicine has recommended extracorporeal membrane oxygenation (ECMO) as a viable therapy.[2] Several studies have 
reported the use of ECMO in the treatment of adult patients with refractory septic shock. However, its efficacy remains contro-
versial.[3-5] In this report, we describe how a patient with emphysematous pyelonephritis (EPN) and refractory septic shock 
was successfully treated with PMX-DHP and nephrectomy under the support of ECMO.

Case Report

A 66-year-old man was admitted to our emergency depart-
ment as he complained of severe fever and chills for the past 
two days. He was a diabetic and hypertensive patient who 
received regular medication.
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At presentation, his systolic blood pressure was 91 mmHg, 
while his diastolic blood pressure was 61 mmHg. His pulse 
rate was 124 beats per minute, while his respiration rate was 
18 times per minute. The body temperature of this patient 
was 37.1°C. Physical examination indicated right costover-
tebral angle tenderness. The laboratory test results of this 
patient were as follows: hemoglobin: 11.5 g/dL, total leuko-
cyte count: 20,050 cells/µL (segmented neutrophils: 79.5%), 
platelet count: 245,000 cells/µL, blood urea nitrogen: 25.1 
mg/dL, creatinine: 1.52 mg/dL, total bilirubin: 0.8 mg/dL, 
C-reactive protein: 16.22 mg/dL, procalcitonin: 0.57ng/mL, 
and lactate: 2.58 mmol/L. His urine microscopy revealed 
bacteriuria and pyuria. Compared to the previous chest 
radiograph of this patient, there was no significant interval 
change.

Early goal-directed therapy and piperacillin/tazobactam 
was initiated. But, the blood pressure of this patient dropped 
to 74/42 mmHg despite administering sufficient amount 
of fluid. Even though high dose of vasopressor, the patient 
showed confused mentality and pulse was impalpable. So, 
cardiopulmonary resuscitation (CPR) was performed. After 
performing CPR for 5 minutes, spontaneous circulation was 
restored. Severe metabolic and lactic acidosis was assumed 
to be the cause of cardiac arrest. 

This patient had developed sepsis of intra-abdominal ori-

gin with unstable hemodynamics. So, we decided to treat 
him with PMX-DHP. 3 hours of PMX-DHP was performed 
using a blood flow rate of 120 mL/min and nafamostat as 
the anticoagulant. Immediately before conducting hemoper-
fusion, the infusion rate of norepinephrine was increased to 
1.5 µg/kg/min and the infusion rate of vasopressin was 0.03 
ug/kg/min. But after initiating the PMX-DHP therapy, we 
tapered the infusion levels of vasopressin and norepineph-
rine. The second session of PMX-DHP was performed on 
the next day. Twenty-four hours after the initiation of PMX-
DHP therapy, we tapered the infusion level of norepineph-
rine to 0.3 µg/kg/min. 

Despite subjecting the patient to PMX-DHP therapy, he 
continued to have high grade fever and still needed va-
sopressor support. Computed tomography (CT) scan was 
conducted to rule out the development of uncontrolled 
infection. CT scan of abdomen showed swelling and multi-
focal perfusion defect in both kidneys. It also detected the 
gas in the right renal parenchyma (Fig. 1). After examining 
the CT scan, we decided to perform emergency nephrec-
tomy. But, the pulse rate of this patient had increased to 160 
beats/min, and his cardiac markers were also consistently 
elevated. Bedside echocardiography detected severe global 
hypokinesia of the left ventricle. The ejection fraction of left 
ventricle was just 20%. And, more vasopressor was required 

Fig. 1. Abdomen computed tomography shows swelling and a multifocal perfusion defect of both kidneys and gas (arrow) in the right 
renal parenchyma. (A) Transverse computed tomography (CT) image. (B) Coronal CT image.
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to maintain blood pressure. In addition, the arterial oxygen 
saturation was in the range of 85-90%, though fraction of 
inspired oxygen was 1.0. Despite being subjected to vaso-
pressor and ventilator support, the hemodynamic and venti-
lator parameters of the patient deteriorated further. So, they 
were considered to be incompatible with the operation. Un-
der these circumstances, we decided to apply a veno-arterial 
ECMO. ECMO was promptly established by percutaneous 
technique. We used RotaFlow® (Maquet Inc., Hirrlingen, 
Germany), and the ECMO flow was maintained at 3.7 L/min.

Under ECMO support, we performed open simple ne-
phrectomy on the patient. After the operation, the patient 
showed remarkable improvement in his hemodynamic pa-
rameters. But, the patient also incurred neurologic deficit 
as he developed left sided weakness and semicomatous 
mentality. The patient’s brain magnetic resonance imaging 
revealed an acute right fronto-parietal cerebral infarction. 
The proximal right internal carotid artery was almost totally 
occluded as it underwent severe stenosis.

The patient was treated with ECMO for three more days. 
ECMO support was successfully discontinued on the sixth 
day of his stay in the hospital. Thereafter, he was on ventila-
tor support for one more week because of mentality. Four-
teen days after the operation, he was transferred to the gen-
eral ward and his mental state improved enough to decipher 
instructions. And the follow-up echocardiography showed 
normal left ventricular systolic function. He was discharged 
on the 32nd day of his hospital stay. The brief course of the 
patient is shown in Fig. 2.

Discussion

The patient experienced EPN and refractory septic shock. 
Septic shock of intra-abdominal origin is usually caused by 
either gram-negative bacteria or mixed pathogens. So, it is 
likely to be associated with high levels of endotoxin. The 
PMX-DHP column shows binds circulating endotoxin with 
high affinity, thereby decreasing the circulating endotoxin 
levels by up to 90% after two sessions of treatments. Clini-
cal research studies have reported that PMX-DHP therapy 
results in improvement of hemodynamics and reductions 
in mortality.[1] More recently, the randomized controlled 
trial of surgical patients, with septic shock and severe sep-
sis, demonstrated statistically significant improvements in 
the hemodynamics.[6] This result supports that PMX-DHP 
therapy may be effective in patients, after controlling the in-
fection source. However, in our case, the patient developed 
uncontrolled infection, and this is why his condition deterio-
rated even after being subjected to PMX-DHP therapy.

Severe cardiac dysfunction is reportedly observed in 17% 
of cases diagnosed with septic multiple organ dysfunction 
syndrome.[7] ECMO is expected to be effective in neonates 
and children who develop septic cardiomyopathy. These 
children undergo cardiogenic refractory shock despite being 
treated with conventional modes of treatment. In this situ-
ation, the ECMO could provide extra time for recovery of 
the failing heart and support the perfusion of major organs 
until cardiac function spontaneously recovers and infection 
control can be achieved using antibiotics or interventions. 
However, the efficacy of mechanical circulatory assistance 

Fig. 2. The brief course of the patient. ICU: intensive care unit; ROSC: return of spontaneous circulation; CPR: cardiopulmonary resusci-
tation; PMX-DHP: direct hemoperfusion with the polymyxin B; VA ECMO: veno-arterial extracorporeal membrane oxygenation.
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remains controversial in adults with refractory septic shock. 
The chances of survival and hospital discharge was 71% 
(10/14) in a study conducted by Brechot et al.[3] but only 
15% (8/52) in a study conducted by Huang et al.[4] Accord-
ing to a recently released report of our hospital, the chances 
of survival and hospital discharge was 22% (7/32) despite 
providing such patients with ECMO support.[5] Recent 
studies[4,5] have reported favorable outcomes of ECMO 
support in patients with severe myocardial injury. But, 
unfavorable outcomes of ECMO support have also been 
reported in patients with age over 60 years and in patients 
who suffered cardiac arrest due to septic shock.[4,5] Central 
ECMO might be associated with increased survival in the 
pediatric population. The theoretical benefits of central can-
nulation include safely achieving higher ECMO flow rates 
and potentially reversing shock more quickly than periph-
eral cannulation.[8] So, some expert recommend the use of 
central ECMO or other modifications.[4] But, in adult septic 
shock, it has not been proved to be a valid approach. 

PMX-DHP and ECMO can be considered as treatment 
options in patients with refractory septic shock. However, 
they may not be beneficial to all cases of refractory septic 
shock. Moreover, these treatment methods could also be 
very expensive and consume lot of resources. For instance, 
it cost about ten million won to do PMX-DHP therapy, and 
it cost about eight million won to cannulate and maintain 
the ECMO circuit for this patient. Therefore, these treatment 
options must be applied only on suitable cases of refractory 
septic shock. Research of PMX-DHP is in progress and we 
need more experience about ECMO for refractory septic 
shock. The specific suggestion of PMX-DHP or ECMO for 
refractory septic shock is over the scope of this case report. 
In this case report, we have described the positive outcome 
of using ECMO support on a patient who developed EPN 
and refractory cardiovascular dysfunction due to septic 
shock.
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