
In healthy people, cerebral blood flow (CBF) is maintained 

steadily as long as the mean arterial pressure (MAP) and par-

tial arterial CO2 pressure (PaCO2) are within a certain range. 

The autoregulation of CBF is often impaired in patients with 

acute or chronic liver failure. In these patients, a change in 

MAP or PaCO2 will elicit either seriously increased or reduced 

CBF [1]. Factors likely to affect CBF or cerebral oxygenation 

include hemodynamic fluctuation, bleeding, and reperfu-

sion syndrome during LT. However, monitoring methods for 

evaluating cerebral function such as cerebral perfusion pres-

sure, jugular venous oximetry, and intracranial pressure are 

somewhat invasive and can lead to severe complications in 

patients with impaired hemostasis [2,3]. 

Near-infrared spectroscopy (NIRS) allows non-invasive 

and real time continuous monitoring of regional cerebral ox-

ygen saturation (rSO2) [4]. Monitoring cerebral oxygenation 

using a NIRS device is useful for estimating cerebral hypoper-

fusion during LT [2,5]. Unfortunately, high serum bilirubin 

concentration can interfere with NIRS because the bilirubin 

absorbs near infrared light. Therefore readings may be in-

correct in patients with high serum bilirubin. Despite this 

limitation, it is used clinically as it reflects important trends 
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Monitoring cerebral oxygenation using a near infrared spectroscopy (NIRS) device is 
useful for estimating cerebral hypoperfusion and is available during liver transplantation 
(LT). However, high serum bilirubin concentration can interfere with NIRS because biliru-
bin absorbs near infrared light. We report a patient who underwent LT with a diagnosis 
of vanishing bile duct syndrome, whose regional cerebral oxygen saturation (rSO2) re-
mained below 15% even with alert mental status and SpO2 value of 99%. The rSO2 val-
ues were almost fixed at the lowest measurable level throughout the intra- and postop-
erative period. We report a case of erroneously low rSO2 values during the perioperative 
period in a liver transplant recipient which might be attributable to skin pigmentation 
rather than higher serum bilirubin concentration.
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in most patients [2,6]. We report a patient who underwent LT 

with a diagnosis of vanishing bile duct syndrome whose rSO2 

remained below 15% even with alert mental status. We could 

not observe even the trend of rSO2 values throughout the LT. 

This state remained even after bilirubin decreased.

CASE REPORT

A 79-year-old, 163 cm, 56 kg, and dark skin-colored 

male was admitted for deceased donor LT due to vanish-

ing bile duct syndrome. His past medical history consisted 

of hypertension diagnosed 10 years previously. Six months 

earlier, he suffered from nausea and right upper quadrant 

abdominal pain, and was diagnosed with acute cholecystitis. 

At that time, his total bilirubin value was 13.28 mg/dl and it 

remained in the range 10–20 mg/dl in spite of several inter-

ventions including endoscopic retrograde bile drainage. His 

final diagnosis was vanishing bile duct syndrome and LT was 

recommended. 

Preoperative laboratory values were as follows: total biliru-

bin 20.7 mg/dl, prothrombin time (international normalized 

ratio) 1.9, and hemoglobin 8.9 g/dl. When he entered the 

operating room, he was alert and was capable of ordinary 

conversation with the medical staff. 

Anesthesia was induced with intravenous propofol 70 

mg and rocuronium 50 mg. Maintenance of anesthesia was 

achieved with desflurane, 50% oxygen/air mixture (total flow 

3 L/min), continuous remifentanil (target controlled infusion 

dose 0–3 ng/ml), and continuous rocuronium infusion (5 µg/

kg/min). Right radial and femoral artery were cannulated. 

An advanced venous access catheter (AVA, Edwards Life-

sciences, USA) and 7 Fr triple lumen catheter (Arrow guard 

blue, Arrow international, USA) were inserted into the right 

internal jugular vein. A pulmonary artery catheter (Swan-

Ganz CCOmbo V, Edwards Lifesciences, USA) was inserted 

via AVA catheter for cardiac output monitoring. Cerebral 

oximeter (INVOS 5100c, Medtronic, USA) and BIS (Covidien, 

USA) were also monitored. The rSO2 values before induction 

of anesthesia were 15% on both sides when the SpO2 value 

was 99% (Fig. 1).

Total anesthesia time was 340 minutes and all patient 

monitoring data was recorded in vital recorder program [7]. 

No remarkable events occurred. MAP was well maintained 

above 70 mmHg with continuous norepinephrine infusion 

(0.1–0.3 µg/kg/min). Hemoglobin value was above 7.8 g/dl 

throughout the operation. Total crystalloid 2,750 ml, colloid 

(albumin) 750 ml, and salvaged blood by cell saver machine 

(AUTOLOG®, Medtronic, USA) 89 ml were infused. No blood 

products were administered during the operation. The rSO2 

values did not change on the left side, but a slight elevation 

from 15 to 30% was observed on the right side before portal 

vein reperfusion (Fig. 2).

The patient was transferred to surgical intensive care unit 

for postoperative recovery. The rSO2 was not monitored when 

the patient was in the intensive care unit. For further evalua-

tion of the possible cause of abnormally low rSO2 values dur-

ing surgery, we visited the patient three days after operation 

when his total bilirubin level was decreased to 9.82 mg/dl. 

He was alert, responded correctly to our questions about his 

body condition, and his vital signs were stable; blood pres-
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Fig. 1. Cerebral oximeter values before induction of anesthesia with 
alert mental status.

Fig. 2. A changing figure of regional cerebral oxygen saturation values 
during operation (recorded by vital recorder program).



sure 141/63 (mean, 91) mmHg, and heart rate 53 beats/min. 

Hemoglobin level was 7.5 g/dl. When we monitored NIRS 

again, the rSO2 values were still recorded as 15% in both sides. 

He was discharged without any complication on postopera-

tive day 21. 

DISCUSSION

Vanishing bile duct syndrome is a group of disorders which 

result in progressive destruction and ‘vanishing’ of intrahe-

patic bile ducts (ductopenia). Multiple etiologies including 

autoimmune, toxins, genetic abnormalities, infections, and 

neoplasms can lead to this disorder. Ductopenia is a patho-

logic term which refers to a loss of intrahepatic bile ducts, and 

eventually leads to cholestasis [8]. The specific cause of the 

disease in this current patient was not clear. His total biliru-

bin level was persistently high (10–20 ml/dl) about 6 months 

before LT. This long lasting hyperbilirubinemia seems to 

have caused significant skin pigmentation that led to the 

measurement error in NIRS and did not immediately disap-

pear even after bilirubin concentration decreased. Under 

these circumstances, NIRS provides unreliable values in pa-

tients with vanishing bile duct syndrome during LT and this 

problem persists in spite of lowered bilirubin concentration 

after surgery. It indicates a critical limitation of NIRS.

According to the manufacturer’s manual, the measur-

able range of rSO2 reading was 15–95% (updated every 5–6 

seconds) in the INVOS 5100c. Therefore, if rSO2 values were 

< 15%, the machine displayed a result of 15%. The rSO2 val-

ues of our patient were 15% on both sides before anesthesia 

induction. It was hard to believe that these rSO2 values re-

flected the real cerebral oxygen status, because he was alert 

and was capable of conducting ordinary conversation at that 

time. 

The INVOS system uses dual wavelengths of near infrared 

light that are absorbed by oxy/deoxy hemoglobin (730 and 

810 nm). It is reported that the absorptivity of near infrared 

light by oxy/deoxy hemoglobin is well separated at 730 nm 

wavelength, but is similar at 810 nm. Unfortunately, conju-

gated bilirubin has a peak absorptivity at 730 nm. Bilirubin 

can be deposited in all tissue layers which can affect the ca-

pacity for assessing cerebral oxygenation by NIRS in patients 

with icterus [6,9]. 

Song et al. [2] reported that high total bilirubin and low 

hemoglobin are independent associated factors for low rSO2 

values in patients with liver disease. They suggested that low 

rSO2 values in patients with icterus may be an artifact rather 

than true ischemia [2]. Madsen et al. [6] investigated 48 pa-

tients who underwent LT and reported that rSO2 was lowered 

but the internal jugular O2 saturation was not affected. They 

concluded that despite underestimating rSO2, the directional 

changes in rSO2 seemed to be observable even in patients 

with high bilirubin levels [6].  

In the current case, we assume that rSO2 values were lower 

than the device was capable of measuring as described in 

the manufacturer’s manual. Therefore, we could not detect 

even the directional changes in rSO2. His rSO2 remained un-

measurable until 3 days after the operation with alert mental 

status and lowered bilirubin level. One study revealed that 

changes in serum bilirubin concentration do not influence 

the rSO2 values during LT [10]. It seems likely that tissue 

pigmentation deposits may not disappear immediately in 

some patients [6]. Bilirubin can competitively absorb near 

infrared light and therefore play a role as confounder for rSO2 

measuring. Bilirubin itself cannot affect either cerebral blood 

flow or cerebral oxygen uptake [6,9]. Hemoglobin levels were 

maintained above 8 g/dl, with MAP above 70 mmHg. Clinical 

causes other than an underestimation of rSO2 related to high 

bilirubinemia are hard to imagine.  

The relationship between high serum bilirubin and falsely 

lower rSO2 has been reported. However, a case in which rSO2 

was below the lower limit throughout LT and was maintained 

even after bilirubin diminished seem to be rare. 

The limitation of this case report is that we did not use 

other methods for estimation of CBF such as transcranial 

Doppler sonography. We took it for granted the low rSO2 was 

an artifact because the patient was alert. If we had used the 

transcranial Doppler, we could have definitively ruled out the 

possibility of cerebral hypoperfusion. Moreover, it is unclear 

how long it might take to normalize the rSO2 after bilirubin 

decreased or what level of bilirubin is adequate for reliable 

rSO2 in icterus patients. There is a need for further research. 

In conclusion, severe hyperbilirubinemia may make it im-

possible to estimate cerebral oxygenation using NIRS devices 

and furthermore, this limitation would persist even after the 

bilirubin decreased. Careful attention should be paid to the 

interpretation of NIRS values in patients with severe hyper-

bilirubinemia during LT. 

Low cerebral oximetry in LT patient
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