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Case Report

 Use of Continuous Venovenous Hemodiafiltration to Enhance the 
Elimination of Serum Pentobarbital before Diagnosis of Brain Death

Jae-Myeong Lee, M.D.1, Young-Joo Lee, M.D.1, Eun-Sook Bang2, 
In-Soo Chu, M.D.3 and Se-Hyuk Kim, M.D.4

Department of Anesthesiology and Pain Medicine, Ajou University School of Medicine1, Department of Pharmaceutical Service, 
Ajou University Hospital2, Departments of Neurology3 and Neurosurgery4, Ajou University School of Medicine, Suwon, Korea

Continuous venovenous hemodiafiltration (CVVHDF) was used to eliminate pentobarbital from the blood of a 30-year-old 
potentially brain dead male patient with traumatic intracranial hemorrhage after a motorcycle accident. The Acute Physiology 
and Chronic Health Evaluation (APACHE) II score of hospital day 1 was 24, but by day 8 it was 36, when the patient was 
considered to be brain dead. To control seizures and reduce intracranial pressure, pentobarbital had been administered in 
a continuous flow (2,880 mg/day for 5 days). Coma can be induced by pentobarbital at a serum level of 1∼5 mg/dL. However, 
drug intoxication should be excluded from a brain death evaluation; therefore, the patient was not given any drug for 
approximately 88 hrs after ceasing pentobarbital in order for serum level to dip below 0.5 mg/dL (which is the hypnotic 
level). At 48 hours from CVVHDF, the pentobarbital level was close to the hypnotic level (0.1∼0.5 mg/dL). Before stopping, 
the serum level of pentobarbital was 3.89 mg/dL and between 48 and 72 hours from CVVHDF, 4 cycles of pentobarbital 
half-life elimination (0.24 mg/dL) could be measured. Therefore, we suggest that in case of potential brain dead patients 
who have been administered pentobarbital, CVVHDF can enhance the elimination of pentobarbital from the circulatory system 
and shorten the waiting time for a brain death evaluation.
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Introduction

Pentobarbital is short acting barbiturate with sedative, 

hypnotic, and anticonvulsant properties(1). Patients 

with severe traumatic brain injury resulting in in-

creased intracranial pressure, barbiturate-induced coma 

can be used in an attempt to reduce intracranial pres-

sure by suppressing cerebral metabolism, consequently 

reducing cerebral metabolic demands and cerebral 

blood volume(2,3). Therefore, many potential brain 

dead donors commonly referred from the department 

of neurosurgery which manages traumatic brain injury 

were eventually administered pentobarbital intravenously. 

For diagnosis of brain death, prerequisite conditions 

are exclusion of complicating medical condition that 

may confound clinical assessment (electrolyte, acid 

base, and endocrine imbalances), no drug intoxication 

or poisoning, and core temperature above 35oC. All 

neurologic and metabolic states that can mimic brain 

death should be eliminated(4). At a level of serum 

pentobarbital 1∼5 mg/dL can induce coma and 

dose-dependent respiratory depression(1). Therefore, if 

the serum pentobarbital level cannot be quantified, the 

patient should be observed at least four times the 

elimination half-life of the pentobarbital(4). The 

half-life elimination of pentobarbital is about 22 hours 

(range; 15∼50 hours) in healthy adults(5). If serum 

pentobarbital level cannot be measured, we should 

wait 88 hours for bringing the sedative drug level 

down to 0.1∼0.5 mg/dL before evaluating brain 

death(4).

In Korea, there is no hospital that can measure the 

pentobarbital serum level, therefore, presumed brain 
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Table 1. Lab findings of the patient

ABGA HOD1 HOD7
HOD8
Pre-op

Intra-op After-op After CRRT HOD9 HOD10 HOD11

pH
PO2 (mmHg)
PCO2 (mmHg)
HCO3 (mmol/L)
FiO2 (%)
P/F ratio
Lactic acid (mmol/L)
Na (mmol/L)
K (mmol/L)
BUN (mg/dL)
Creatinine (mg/dL)

    7.317
209.6
 35.8
 17.9
40

402.4
   3.69
145
  3.2
  5.9
  0.9

   7.369
84.7
38.1
22.9
70

121

145
 5.0
13.8
 2.1

  7.346
72.4
40.7
21.8

100
72.4

-
144
 4.7

  7.307
44.3
42.3
21.4

100
44.3

-

   7.319
51.6
51.2
26.6

100
51.6

  4.06
144
 6.3
20.4
 1.7

   7.330
67.7
41.0
 0.0

100
67.7

-
143
 5.6
19.7
 1.4

  7.416
93.6
39.9
25.9
60

156
  3.25
137
 4.1
18.5
 1.2

   7.495
241.3
 33.1
 25.7
100
241.3

   1.70
141
  2.9
 17.0
  0.8

    7.435
173.4
 39.3
 25.8
100
173.4

Abbreviations: HOD, hospital admission day; CRRT, continuous renal replacement therapy.  

death patient administered with pentobarbital should 

wait for a long duration before diagnosis of brain 

death. There are several case reports on the use of he-

modialysis or peritoneal dialysis for enhancing pento-

barbital clearance in pentobarbital intoxication(6-10). 

Continuous venovenous hemodiafiltration (CVVHDF) is a 

mode of continuous renal replacement therapy (CRRT) 

commonly used in unstable critically ill patients in in-

tensive care units (ICU) and it can be very useful for 

hemodynamically unstable brain dead patients(11). 

We report the use of CVVHDF for enhancing clear-

ance of pentobarbital in a presumed brain dead pa-

tient before the evaluation of brain death. 

Case Report

A 30-year-old male patient (165 cm/ 56 kg) with 

epidural hematoma and subdural hematoma due to a 

motorcycle traffic accident was admitted to the depart-

ment of neurosurgery. Acute Physiology and Chronic 

Health Evaluation (APACHE) II score of on hospital 

admission day 1 (HOD1) was 24. His initial mental 

state was semicoma and emergency subdural hema-

toma removal was performed. On HOD2, follow-up 

brain computed tomography (CT) scan showed in-

creased intracranial hemorrhage and brain swelling. 

Decompressive craniectomy was performed again. But 

brain swelling was not subsided. Thus, for reduction 

of intracranial pressure and seizure control, intra-

venous pentobarbital infusion was administered con-

tinuously at a rate of 2 mg/kg/hr (total 2,880 mg/day) 

for 120 hours. On HOD8, 3
rd
 craniectomy was per-

formed from 11:30 AM to 1:10 PM. Operation was 

stopped in the middle of the procedure because of 

the brain swelling with massive bleeding and severe 

hypoxemia (＜PaO2 40 mmHg) even with 100% 

oxygen. Total 2,200 mL of crystalloid solution and 

3,070 mL of blood products were infused during 

operation. In the intensive care unit, more 1,100 mL 

of colloid and 900 mL of crystalloid were infused from 

the end of operation until the start of CVVHDF. After 

operation, there was no self respiration and no brain 

stem reflexes, and his mental status was assessed as 

coma. Under the brain death impression, the patient 

was consulted to the brain death management team 

and consequently referred. At this point, he was on 

HOD8 and the APACHE II score was 36. 

Even after high dose of vasopressor and admin-

istration of 100% O2, the patient was in severe hypo-

xemic status and was hemodynamically unstable; The 

symptom includes lactic acidosis and acute renal failure 

(ARF) (Table 1). High amounts of pentobarbital was al-

so administered (2,880 mg/day for 5 days). Therefore, 

the patient needed continuous renal replacement ther-

apy (CRRT). Because of the patient’s poor condition, 

CVVHDF was chosen as CRRT modality for improving 

the hemodynamically instability and enhancing the 

clearance of pentobarbital. In Korea, there are no hos-
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Fig. 1. This figure shows sequence of serum pentobarbital lev-
els from during pentobarbital infusion, before CVVHDF, and af-
ter CVVHDF time sequences. After 48 hours CVVHDF start the
serum pentobarbital levels were down to hypnotic levels (0.1∼
0.5 mg/dL). Abbreviation: CVVHDF, continuous venovenous 
hemodiafiltration.

Table 2. The serum pentobarbital levels before and after CVVHDF

Blood sampling time
Serum 

pentobarbital 
levels (mg/dL)

HOD8 6 AM : before stopping pentobarbital
HOD8 6 PM : before CVVHDF starting
HOD8 10 PM : after 4 hours from CVVHDF
HOD9 2 AM : after 8 hours from CVVHDF
HOD9 6 AM : after 12 hours from CVVHDF
HOD9 6 PM : after 24 hours from CVVHDF
HOD10 6 AM : after 36 hours from CVVHDF
HOD10 6 PM : after 48 hours from CVVHDF
HOD11 6 PM : after 72 hours from CVVHDF
HOD12 6 PM : after 96 hours from CVVHDF

3.89
2.50
2.30
2.42
2.02
1.31
0.93
0.53
0.22
0.07

Abbreviations: HOD, hospital admission day; CVVHDF, continuous
venovenous hemodiafiltration.

pitals where can measure serum pentobarbital level. 

Therefore, we should wait 88 hours for evaluating 

brain death.

On the HOD8, pentobarbital was stopped after 3rd 

operation at 2 PM. CVVHDF was started at 6 PM on 

the same day. CVVHDF was performed through a dual 

lumen femoral catheter using the Prisma system 

(Prisma, Gambro-Hospal, Lund, Sweden) with a blood 

flow of 150 mL/hr, dialysate flow rate of 800 mL/hr 

and replacement flow rate of 1,200 mL/hr. We used 

biocompatible membrane with 1.0 m
2
 filter (AN69ST, 

Gambro-Hospal, Meyzieu, France). Replacement fluid 

(Haemosol-B0, Gambro-Hospal, Sondalo, Italy) was 

administered prefilter method. Anticoagulation with re-

gional heparization was administered and flow rates 

remained constant during the entire therapy. CVVHDF 

was applied from HOD8 to HOD12, and the total du-

ration of therapy was 120 hours. 

Pentobarbital levels were measured 10 times from 

the radial arterial blood line; before stopping pento-

barbital, just before starting CVVHDF, and 4, 8, 12, 24, 

36, 48, 72, 96 hours after the starting CVVHDF. These 

specimens were sent to Korea Institute of Science and 

Technology (KIST) and results were obtained after one 

week. The drug levels were measured with high per-

formance liquid chromatography (HPLC) and were as 

shown in Table 2 and Fig. 1. After decreasing pento-

barbital levels and removing cytokine and toxic mate-

rials by CVVHDF, the patient showed clinical improve-

ment and resumed self respiration. That means the pa-

tient was not brain death and was transferred back to 

the department of Neurosurgery on the HOD13, and 

eventually the patient expired 2 months later.

Discussion

Pentobarbital is short acting barbiturate, molecular 

weight of 232 Dalton, lipid solubility (partition co-

efficient) 32, plasma protein binding 35%, brain pro-

tein binding 29%, volume of distribution 0.9 L/kg 

body weight, and metabolized by the liver and mostly 

excreted in urine. Because pentobarbital has high sol-

ubility, when administered for a long term period, 

pentobarbital tends to deposit throughout the brain 

and fat tissue(12,13). Instead of choosing serum level 

of 2.5 mg/dL which was the serum level prior to start 

CVVHDF, the level of 3.89 mg/dL was chosen as a 

basal level which was obtained at 6 AM on HOD8. 

The reason was the dilutional effect of serum pento-

barbital; during 3 hours of operation, 5,270 mL of flu-

ids, and during 5 hours before start of CVVHDF, 2,000 

mL of fluids were infused.

When large amounts of sedative and anesthetic 
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agents are ingested, they can cause a partial loss of 

brain-stem reflexes and can mimic brain death. 

Especially, intoxication with tricyclic antidepressants 

and barbiturates can induce very similar conditions to 

brain death(14,15). Therefore, we should exclude 

these confounding conditions before an accurate diag-

nosis of brain death. However, in real clinical sit-

uations, there is no ways to measure serum pento-

barbital level in any hospital in Korea. Therefore, in 

case of pentobarbital coma therapy, we should wait at 

least 88 hours (four times the half-life elimination of 

the drug) after stopping the drug. 

Brain death upregulates multiple lymphocyte and 

macrophage-derived cytokines and the injured brain it-

self may be the source of proinflammatory factors 

such as S100B(16). The sepsis syndrome is associated 

with an overwhelming, systemic overflow of proin-

flammatory and anti-inflammatory mediators(12-14). 

According to the Surviving Sepsis Campaign, they sug-

gest the use of CRRT to facilitate management of fluid 

balance in hemodynamically unstable septic pa-

tients(17). During CVVHDF, small, medium and large 

solutes could be removed by mixed diffusion (up to 1 

kDa) and convection (up to 35 kDa)(18). 

CVVHDF has been used not only for poisoning 

such as barbiturates, ethylene glycol and lithium(15,16) 

but also for the treatment of shock and brain 

death(17,19). While the patient was on CVVHDF, we 

achieved a half life elimination time between 12 to 24 

hours from CVVHDF. However, the drug level of half 

elimination was 1.95 mg/dL, and it was much closer 

to the drug level at 12 hours from CVVHDF (2.02 

mg/dL) than the drug level at 24 hours from CVVHDF 

(1.31 mg/dL). 48 hours after starting CVVHDF, the 

pentobarbital level (0.53 mg/dL) was close to hypnotic 

level (0.1∼0.5 mg/dL). Between 48 hours and 72 

hours after starting CVVHDF, 4 times of half-life elimi-

nation of pentobarbital (0.24 mg/dL) was reached. 

Therefore, by applying the CVVHDF, four times of the 

elimination half-life of pentobarbital could be short-

ened to less than 72 hours. 

Bironneau et al.(20) reported that the clearance of 

pentobarbital was enhanced with greater blood flow 

rate and effluent rates. We set the CVVHDF at a 

blood flow of 150 mL/hr, dialysate flow rate of 800 

ml/hr and replacement flow rate of 1,200 mL/hr. If we 

increased the blood flow rate and the dialysate flow 

rate, the hypnotic drug level could possibly be 

reached earlier. If the appropriate setting of CVVHDF 

for elimination of pentobarbital is determined, this will 

significantly help the brain dead donor management 

team. 

Brain dead patients often show hemodynamic in-

stabilities and severe acid-base imbalances. Sometimes, 

it is difficult to maintain vital signs for only one or 

two days before organ harvest. Therefore, in the 

shortage of organ donor, brain death patients with 

pentobarbital administration, shortening the waiting 

time before evaluation of brain death is very important. 

For the brain dead donor management team, the most 

updated guideline should be applied, which includes 

88 hours of waiting time prior to evaluate brain death 

in case of CVVHDF application. 

In conclusion, in the case of brain dead patients ad-

ministered with pentobarbital, CVVHDF can enhance 

the clearance of pentobarbital and shorten the waiting 

time for brain death evaluation. 
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