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Maintaining a low central venous pressure (CVP) has
been frequently used in liver resections to reduce blood
loss. However, decreased preload carries potential risks
such as hemodynamic instability. We hypothesized
that a low CVP with milrinone would provide a bet-
ter surgical environment and hemodynamic stability
during living donor hepatectomy. Thirty-eight healthy
adult liver donors were randomized to receive either
milrinone (milrinone group, n = 19) or normal saline
(control group, n = 19) infusion during liver resec-
tion. The surgical field was assessed using a four-point
scale. Intraoperative vital signs, blood loss, the use of
vasopressors and diuretics and postoperative labora-
tory data were compared between groups. The milri-
none group showed a superior surgical field (p < 0.001)
and less blood loss (142 ± 129 mL vs. 378 ± 167 mL, p <
0.001). Vital signs were well maintained in both groups
but the milrinone group required smaller amounts of
vasopressors and less-frequent diuretics to maintain
a low CVP. The milrinone group also showed a more
rapid recovery pattern after surgery. Milrinone-induced
low CVP improves the surgical field with less blood
loss during living donor hepatectomy and also has fa-
vorable effects on intraoperative hemodynamics and
postoperative recovery.
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Introduction

Recent advances in surgical techniques/equipment and in-
traoperative management have made living donor hepate-
ctomy a relatively safe operation with minimal blood loss
(1,2). In spite of some controversies (3), maintaining a low
central venous pressure (CVP) is thought to be an im-
portant management aspect of liver resection based on
reports that suggested an association between low CVP
and less blood loss during liver resection (4,5). Low CVP

during liver resection is thought to reduce blood loss by
sequentially enhancing venous drainage from the hepatic
sinusoids resulting in less venous backflow. The goal of
maintaining a low CVP during living donor hepatectomy is
to reduce blood loss and as a result, increase the chance
of a better surgical field.

However, conventional low CVP technique with the use
of fluid restriction has several problems that add to the
anesthesiologists’ workload. The reduction in effective cir-
culating volume increases the chance of hemodynamic in-
stability and requires frequent use of vasopressors. Main-
taining a low CVP often requires additional vasodilators or
diuretics, especially in healthy living donors. The risk of
inadequate perfusion of end organs is another potential
problem.

In this study, we attempted to evaluate the vasodilatory, in-
otropic and lusitropic (6) effects of milrinone on living donor
hepatectomy. To test the hypothesis that maintaining a low
CVP with milrinone during living donor hepatectomy would
improve the surgical field and provide hemodynamic stabil-
ity with less effort, we performed a randomized controlled
trial.

Materials and Methods

Donor selection and randomization

After obtaining informed consent, 38 living liver donors, scheduled for
donor hepatectomy at Seoul National University Hospital from January to
December 2008, were enrolled in this prospective, randomized, placebo-
controlled, double-blinded study. Donors were evaluated and selected ac-
cording to the recently published international guidelines (7). According to
the study protocol approved by the institutional review board, patients were
randomized into two groups using an Excel program-generated randomiza-
tion table, the milrinone group and the control (normal saline) group.

Study protocol

Under standard monitoring, anesthesia was induced with 1.5 mg/kg of
propofol, 100 mcg of fentanyl and 0.6 mg/kg of rocuronium. Under the dis-
cretion of the anesthesia provider, 30 mg of esmolol was used in donors
anticipated to be tachycardic after intubation. Anesthesia was maintained
with sevoflurane and 50% oxygen in air, and intermittent bolus of vecuro-
nium. Mechanical ventilation was initiated using a tidal volume of 8 mL/kg
with a frequency 10/min to maintain normocarbia. An arterial line was in-
serted to the radial artery and was connected to the Vigileo

R©
cardiac output

(CO) monitor (Edwards Lifesciences LLC, Irvine, CA), which measured ar-
terial pressure and CO. A double lumen central venous catheter was also
inserted into the right internal jugular vein. Either milrinone or normal saline
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was administered once the peritoneum was fully open. In the milrinone
group, 12.5 mcg/kg of milrinone was administered over 10 min as a loading
dose and thereafter, maintenance infusion was continued at a rate of 0.5
mcg/kg/min until the liver graft was resected. In the control group, normal
saline was infused in the same fashion as the milrinone group. Both the
anesthesia provider and surgeons were blinded from the study groups.

Surgical procedure and intraoperative management

All donor hepatectomies were performed by the same operator and first
assistant and managed by a single anesthesia supervisor.

Donors were scheduled to undergo left lateral segmentectomy, conven-
tional left or right hepatectomy or modified extended right hepatectomy,
depending on the appropriate liver mass required for the recipient. Hepate-
ctomy was performed by ligation of arteries and veins with Hem-o-lock clips
or hand ties, parenchymal resection using ultrasonic aspirator (CUSA EXcel,
Valleylab Corp., Boulder, CO) and hemostasis with bipolar electrocautery.

The operating table was in a horizontal position except side tilt throughout
the duration of surgery. The reference point for CVP measurements was at
the level of four-fifths of the antero-posterior diameter of the thorax from
the back (8). During donor hepatectomy, the anesthesia provider was asked
to maintain the CVP at 5 mmHg or less primarily by restricting intravenous
fluids. If the CVP exceeded 6 mmHg at the time of hilar dissection, 10 mg of
furosemide was administered. The target mean arterial pressure was above
60 mmHg, and 5 mg of ephedrine was administered to restore pressure
when the mean arterial pressure fell below 60 mmHg.

Morphine and fentanyl based intravenous patient-controlled analgesia was
used for postoperative pain control.

Data acquisition

The primary outcome of interest was the condition of the surgical field
during liver resection and secondary outcomes of interest included hemo-
dynamic stability and the ease of maintaining a low CVP by measuring the
frequency and dose of vasopressors and diuretics, respectively.

The attending surgeon and the first assistant were blinded from the study
groups and gave independent assessments of the condition of the surgical
field during liver resection using a four-point grading scale (Table 1) and the
grades were averaged. The surgical field grading was performed by com-
prehensively assessing the degree of bleeding, tension of the inferior vena
cava and hepatic veins, and ease of operability. Blood loss was estimated
by measuring collected blood in the bottle, weighing the wet gauzes and
visual evaluation of the surgical field. The total amount of fluid and drugs
administered, duration of anesthesia and surgery and urine output were
also recorded.

Table 1: Grading criteria for evaluating the surgical field

Grade Description

I Very lax IVC1 and hepatic veins, minimal bleeding at
resection plane, very easy to operate

II Lax IVC and hepatic veins, a little bleeding at resection
plane, easy to operate

III Tense IVC and hepatic veins, appreciable bleeding at
resection plane, somewhat difficult to operate

IV Very tense IVC and hepatic veins, profuse bleeding at
resection plane, very difficult to operate

IVC = inferior vena cava.

Hemodynamic data, including heart rate, systolic, diastolic, and mean ar-
terial pressures and CO, were recorded at the following six time points:
before milrinone/normal saline loading (BL), after milrinone/normal saline
loading (AL), just before initiation of liver resection (BR), midway through
liver resection (MR), just after completion of liver resection (AR) and when
the peritoneal closure started (CL).

Blood samples were taken before surgery, immediately after surgery and
at postoperative days 1, 3, 7 and 21. Measured items include hemoglobin,
prothrombin time as INR, serum albumin, serum total bilirubin, blood urea
nitrogen, serum creatinine and serum aminotransferases.

Sample size calculation and statistical analyses

Using a pilot study performed to assess the effect of milrinone on the sur-
gical field condition using four-point scale (Table 1), sample size estimation
was performed to detect any significant difference between groups with a
type I error of 0.05 and a power of 0.8. It was calculated that a total number
of 34 donors (17 donors per group) were required. Expecting a dropout rate
of 10%, we aimed for enrolling 19 donors per group.

All statistical analyses were performed using SPSS software (version 12,
SPSS Inc., Chicago, IL). Surgical field grades were compared with Wilcoxon
rank sum test between groups. Interobserver variability between the at-
tending surgeon and first assistant was assessed using the Kappa statistic.
Group characteristics and intraoperative data were compared with unpaired
t-test or chi-square test between groups. Hemodynamic data and labora-
tory values were compared with repeated measures ANOVA and unpaired
t-test if any significant difference was found between groups. Paired t-tests
with Bonferroni correction for multiple comparison were performed to de-
tect any significant changes from baseline (preoperative) values. Values
are expressed as mean ± SD or absolute numbers. A p-value < 0.05 was
considered significant.

Results

The enrollment, randomization and analysis process is
summarized in Figure 1. All living donors who were en-
rolled in our study were classified as American Society of
Anesthesiologists (ASA) class I. Of the 38 donors random-
ized, 1 donor in the milrinone group was excluded from the
analysis due to an accidental hepatic vein rupture during hi-
lar dissection. Donor characteristics and types of surgery
were comparable between the two groups (Table 2).

Surgical field grading was significantly better with less in-
traoperative bleeding in the milrinone group compared to
the control group (p < 0.001) (Tables 3 and 4). A kappa
statistic of 0.644 (95% CI 0.423–0.865, p < 0.001) revealed
substantial agreement between the two surgeons. Hemo-
dynamic changes were similar between the two groups
(Figure 2). However, more donors in the control group re-
quired the use of furosemide to maintain a low CVP and
the dose of ephedrine required for blood pressure support
was also higher in the control group (Table 4). None of the
donors received blood transfusion during or after surgery.

Both groups showed a similar trend in hemoglobin, serum
albumin and serum bilirubin levels. The milrinone group
showed lower levels of prothrombin time and serum
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Figure 1. CONSORT flow diagram.

CONSORT = Consolidated Stan-

dards of Reporting Trials.

aminotransferases on postoperative days 1 or 3 (Figure 3).
Postoperative blood urea nitrogen and serum creatinine
levels were within normal limits and did not differ from
preoperative levels in both groups. All the donors in both
groups were discharged without any major complications
in 10 ± 2 days.

Discussion

Our study shows that infusion of milrinone during living
donor hepatectomy was associated with (1) significantly

Table 2: Donor characteristics and type of surgery

Control Milrinone
Group (n = 19) (n = 18)

Sex (M/F) 18/1 15/3
Age (years) 26 ± 9 29 ± 11
Height (cm) 171 ± 7 168 ± 7
Weight (kg) 69 ± 8 66 ± 8
Type of surgery Right lobectomy (15)

Right lobectomy
(18)

Extended right
lobectomy (1)

Extended right
lobectomy (1)

Left lobectomy (1)
Left lateral

segmentectomy (1)

Values are expressed as numbers or mean ± SD.

improved surgical field with less blood loss, (2) mainte-
nance of low CVP with less use of diuretics, (3) stable
hemodynamic profile with less amount of vasopressors
and (4) a more favorable recovery pattern in the immediate
postoperative period, compared to the conventional low
CVP technique.

CVP or inferior vena caval pressure of 5 mmHg or less has
been reported to play a key role in reducing intraopera-
tive blood loss and transfusion requirements during liver
resection (4,9). The suggested mechanism was that de-
creased right atrial pressure sequentially enhances venous
drainage from the inferior vena cava (IVC), hepatic vein
and hepatic sinusoids, and thereby reduces bleeding from
the resection plane caused by venous backflow. However,

Table 3: Grade of surgical field

Grade I II III IV

Control group (n = 19) 2 18 17 1
Milrinone group∗ (n = 18) 17 18 1 0

Values are expressed as numbers.
Each donor was graded by the attending physician and first assis-
tant independently.
Interobserver variability: j = 0.644 (95% CI 0.423–0.865, P <

0.001).
∗ p < 0.05 compared to control group.
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Table 4: Intraoperative data

Control Milrinone
Group (n = 19) (n = 18)

Estimated blood loss (mL) 378 ± 167 142 ± 129∗
Duration of anesthesia (min) 309 ± 33 312 ± 30
Duration of surgery (min) 265 ± 25 263 ± 33
Duration of graft resection (min) 67 ± 15 71 ± 20
Infused fluids (mL) 1966 ± 607 2045 ± 497
Urine output (mL) 853 ± 408 228 ± 108∗
Donors requiring furosemide 18/19 1/18∗
Donors requiring ephedrine 9/19 8/18
Dose of ephedrine (mg) 6.3 ± 8.1 2.2 ± 2.6∗
Values are expressed as mean ± SD or numbers.
∗p < 0.05 compared to control group.

conventional low CVP techniques such as fluid restriction
frequently cause hemodynamic instability. Furthermore,
volume restriction alone takes time and often fails to lower
CVP before liver resection starts especially in healthy living
donors and thus, as seen in our control group, frequently
requires diuretics and vasopressors. Our study shows that
infusion of milrinone, a drug with inotropic and vasodilatory
effects, quickly achieved both hemodynamic stability and
low CVP.

The basic mechanism of milrinone is inhibition of cellular
phosphodiesterase III leading to recruitment of cyclic 3′,5′-
adenosine monophosphate (cAMP), which modulates cal-
cium channel activities in vascular smooth muscles and
cardiac myocytes. In spite of potent systemic arterial va-
sodilation, systemic arterial pressure is usually maintained
because milrinone improves cardiac performance by in-
otropic (increased cardiac contractility) and lusitropic (en-
hanced diastolic relaxation of the heart) actions (6). From
the hepatic resection perspective, positive lusitropy is a

favorable property because it acts as a driving force that
enhances venous drainage from the IVC, the hepatic vein
and sinusoids sequentially. This result in less hepatic con-
gestion and increased cardiac preload compared to the
conventional low CVP technique, in which pressure gra-
dient is the sole factor of hepatic venous drainage and
cardiac filling. These effects of milrinone are helpful dur-
ing general anesthesia because most volatile anesthetics
results in systolic and diastolic dysfunctions at higher anal-
gesic concentrations (10). Finally, increased CO with main-
tenance of arterial pressure contributes to the increase of
renal blood flow (11).

Although clinical significance is undetermined, another po-
tential benefit of milrinone was shown by the more rapid
recovery of prothrombin time and liver enzymes. There
are three possible explanations. First, several animal stud-
ies demonstrated a hepatoprotective effect of milrinone
on ischemia/reperfusion injury. The proposed mechanisms
were an increase in intracellular cAMP and subsequent ac-
tivation of protein kinase A (12–14). The results of these
reports and our study suggest a possible role of milrinone
as a pharmacologic preconditioning agent for living donors.
Second, the difference in recovery speed may be due to
more meticulous surgery facilitated by the clean and dry
surgical field. Third, simultaneous maintenance of CO and
systemic arterial pressure contributes to the increase of to-
tal hepatic flow (15), and this increase in hepatic perfusion
might have improved hepatic metabolism in the residual
liver after donor hepatectomy.

Although well tolerated, milrinone has a few reported ad-
verse effects. A high intravenous loading dose frequently
result in transient hypotension, which is avoidable by omit-
ting the loading dose, although hemodynamic effects are

Figure 2. Hemodynamic changes

during living donor hepatectomy. ∗p
< 0.05 compared to baseline (BL)
value. Abbreviations: BL = before load-
ing milrinone; AL = after loading; BR =
before resection; MR = mid-resection;
AR = after resection; CL = closure
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Figure 3. Perioperative changes of

hemoglobin, prothrombin time, al-

bumin, total bilirubin, and liver

enzymes. ∗p < 0.05 compared to
baseline (Preop) value; † p < 0.05
compared to milrinone group. Abbrevi-
ations: Preop, preoperative day; POD,
postoperative days.

delayed (16). Low to intermediate loading doses (12.5 or
25 mcg/kg), as was used in this study, seem sufficient
to produce prompt therapeutic effect without undesirable
hypotension. Considering the short plasma half-life of milri-
none (0.8 h in healthy volunteers) and the duration of living
donor hepatectomy, low-dose loading followed by conven-
tional infusion rate (0.5 mcg/kg/min) until the end of liver
resection seems to be appropriate for preventing initial
hypotension and maintaining hemodynamic stability (17).
Unsustained ventricular tachyarrhythmia was reported in
early clinical studies in congestive heart failure patients
(18). However, in the operating room environment where
vital signs are under close observation, clinically significant
arrhythmia induced by low-dose milrinone seems unlikely,
especially in healthy liver donors. In addition, as in con-
ventional low CVP techniques, milrinone-induced low CVP
also carries the risk of air embolism (19). Although the
probability of these complications occurring at a clinically
significant level is low in healthy living liver donors, close
observation of the donor during milrinone infusion and liver
resection is essential for evading disastrous events.

Two limitations of this study should be considered. First,
we used an arbitrary criterion that is yet to be vali-

dated. The recent advance in living donor hepatectomy
has outdated previous assessment tools that measure
blood loss or units transfused and we reached a con-
sensus among ourselves that a dry and clean surgical
field has become increasingly important for skilled sur-
gical teams, and thus came up with our four-point scale
based upon our surgical experience in hundreds of liv-
ing donor hepatectomies. In addition, we used indepen-
dent scoring by two surgeons blinded to the treatment
group to improve the objectivity of the scoring. Second,
although we demonstrated a safe and effective use of mil-
rinone in ASA class I living liver donors, extrapolation to a
broader spectrum of patients undergoing liver resections
should be done with caution. Further study is required
before considering the use of milrinone to debilitated
patients.

In conclusion, intraoperative infusion of milrinone was a
simple and effective technique for providing a better sur-
gical field while maintaining a low CVP and hemodynamic
stability during living donor hepatectomy, compared to con-
ventional low CVP technique. Minimal injury and early func-
tional recovery of the remaining liver of the donors seem
to be potential additional benefits.

American Journal of Transplantation 2010; 10: 877–882 881

 16006143, 2010, 4, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/j.1600-6143.2010.03051.x, W

iley O
nline L

ibrary on [07/08/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



Ryu et al.

Acknowledgment

This study was funded solely by the departmental fund of Anesthesiology
and Pain Medicine

Conflict of Interest Statement

The authors have no conflict of interest to disclose.

References

1. Chen CL, Chen YS, de Villa VH et al. Minimal blood loss living
donor hepatectomy. Transplantation 2000; 69: 2580–2586.

2. Poon RT. Recent advances in techniques of liver resection. Surg
Technol Int 2004; 13: 71–77.

3. Kim YK, Chin JH, Kang SJ et al. Association between cen-
tral venous pressure and blood loss during hepatic resection
in 984 living donors. Acta Anaesthesiol Scand 2009; 53: 601–
606.

4. Jones RM, Moulton CE, Hardy KJ. Central venous pressure and
its effect on blood loss during liver resection. Br J Surg 1998; 85:
1058–1060.

5. Lutz JT, Valentin-Gamazo C, Gorlinger K, Malago M, Peters J.
Blood-transfusion requirements and blood salvage in donors un-
dergoing right hepatectomy for living related liver transplantation.
Anesth Analg 2003; 96: 351–355, Table of contents.

6. Tanigawa T, Yano M, Kohno M et al. Mechanism of preserved
positive lusitropy by cAMP-dependent drugs in heart failure. Am J
Physiol Heart Circ Physiol 2000; 278: H313–H320.

7. Barr ML, Belghiti J, Villamil FG et al. A report of the Vancouver
Forum on the care of the live organ donor: Lung, liver, pancreas,
and intestine data and medical guidelines. Transplantation 2006;
81: 1373–1385.

8. Seo JH, Jung CW, Bahk JH. Uppermost blood levels of the right
and left atria in the supine position: Implication for measuring cen-

tral venous pressure and pulmonary artery wedge pressure. Anes-
thesiology 2007; 107: 260–263.

9. Johnson M, Mannar R, Wu AV. Correlation between blood loss
and inferior vena caval pressure during liver resection. Br J Surg
1998; 85: 188–190.

10. Harkin CP, Pagel PS, Kersten JR, Hettrick DA, Warltier DC. Direct
negative inotropic and lusitropic effects of sevoflurane. Anesthe-
siology 1994; 81: 156–167.

11. LeJemtel TH, Maskin CS, Mancini D, Sinoway L, Feld H, Chadwick
B. Systemic and regional hemodynamic effects of captopril and
milrinone administered alone and concomitantly in patients with
heart failure. Circulation 1985; 72: 364–369.

12. Ikegami T, Nishizaki T, Hiroshige S, Ohta R, Yanaga K, Sugimachi
K. Experimental study of a type 3 phosphodiesterase inhibitor on
liver graft function. Br J Surg 2001; 88: 59–64.

13. Kume M, Banafsche R, Yamamoto Y et al. Dynamic changes
of post-ischemic hepatic microcirculation improved by a pre-
treatment of phosphodiesterase-3 inhibitor, milrinone. J Surg Res
2006; 136: 209–218.

14. Satoh K, Kume M, Abe Y et al. Implication of protein kinase A for
a hepato-protective mechanism of milrinone pretreatment. J Surg
Res 2009; 155: 32–39.

15. Ueda T, Mizushige K. The effects of olprinone, a phosphodi-
esterase 3 inhibitor, on systemic and cerebral circulation. Curr
Vasc Pharmacol 2006; 4: 1–7.

16. Baruch L, Patacsil P, Hameed A, Pina I, Loh E. Pharmacodynamic
effects of milrinone with and without a bolus loading infusion. Am
Heart J 2001; 141: 266–273.

17. Stroshane RM, Koss RF, Biddlecome CE, Luczkowec C, Edelson
J. Oral and intravenous pharmacokinetics of milrinone in human
volunteers. J Pharm Sci 1984; 73: 1438–1441.

18. Anderson JL, Askins JC, Gilbert EM, Menlove RL, Lutz JR. Oc-
currence of ventricular arrhythmias in patients receiving acute and
chronic infusions of milrinone. Am Heart J 1986; 111: 466–474.

19. Melendez JA, Arslan V, Fischer ME et al. Perioperative outcomes
of major hepatic resections under low central venous pressure
anesthesia: Blood loss, blood transfusion, and the risk of postop-
erative renal dysfunction. J Am Coll Surg 1998; 187: 620–625.

882 American Journal of Transplantation 2010; 10: 877–882

 16006143, 2010, 4, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/j.1600-6143.2010.03051.x, W

iley O
nline L

ibrary on [07/08/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense


