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Abstract
Purpose Infrahepatic inferior vena cava (IIVC) clamping is beneficial for reducing the amount of bleeding during hepatic 
surgery, although the associated systemic circulatory deterioration is noticeable. The relationship between changes in the 
degree of IIVC clamping and postoperative renal function was retrospectively evaluated.
Methods A total of 59 patients who underwent elective hepatic surgery with surgical IIVC clamping in the two years were 
analyzed. In 2016, constant 80% clamping of the IIVC was performed (29 cases), and in 2017, hemodynamically adjusted 
IIVC clamping was performed (30 cases). Intraoperative parameters, including total blood loss and number of blood transfu-
sions, were examined. The use of each vasoactive agents was analyzed. Renal function in the acute postoperative phase was 
evaluated using serum creatinine (Cr) and estimated glomerular filtration rate (eGFR) values.
Results Comparison of the two groups showed that bolus doses of both ephedrine and phenylephrine were significantly 
higher in the 2016 group (P = 0.0221, 0.0017). Continuous doses of dopamine were significantly higher in the 2016 group, 
while those of noradrenaline were not. Postoperative serum Cr levels relative to baseline (%) were significantly higher in the 
2016 group immediately after surgery and on postoperative day (POD) 1 (P = 0.0143, 0.0012). Postoperative eGFR relative 
to baseline (%) was significantly higher in the 2016 group immediately postoperatively and on PODs 1 and 2 (P = 0.0042, 
0.0003, 0.0382).
Conclusion Hemodynamically adjustable IIVC clamping might be superior to uniformly fixed clamping in preserving renal 
function without compromising the desired effect on hemostasis.
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Introduction

Impaired renal function after hepatic surgery is common. 
The main mechanism of this is believed to be intraoperative 
hypoxic damage resulting in acute tubular necrosis [1, 2]. 
This is caused, for example, by hemodynamic instability sec-
ondary to massive intraoperative bleeding [3]. Furthermore, 

low central venous pressure (CVP) management with restric-
tive infusion, which is used to minimize bleeding during 
surgery on this highly vascular organ, has the potential to 
cause renal hypoperfusion by a dehydration effect [4, 5].

Infrahepatic inferior vena cava (IIVC) clamping is a 
surgical method used to effectively lower CVP and reduce 
the amount of bleeding [6]. This effect seems to be popular 
among surgeons because small amounts of bleeding are well 
known to lead to better postoperative outcomes after hepatic 
surgery [7–9]. However, the safety of this technique has been 
questioned in the past [10, 11]. Article have discussed the 
high incidence of pulmonary embolism and the high rate 
of in-hospital mortality and reoperation during the postop-
erative period after hepatic surgery using the total (100%) 
IIVC clamping procedure. During anesthesia management, 
there are concerns about the hemodynamic effects of this 
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technique that significantly prevents venous return. When 
IIVC clamping was an earlier method of total hepatic vas-
cular exclusion (THVE), with complete isolation of hepatic 
blood vessels by infra- and supra-hepatic IVC clamping 
with portal triad clamping, hemodynamic disturbance was 
a critical issue [12]. The resulting systemic hypoperfusion 
was associated with postoperative dysfunction of abdominal 
organs including the kidneys [13]. In addition, anesthesia 
expertise was required for careful circulatory monitoring and 
large volume infusions.

In our institute, IIVC clamping was introduced in 2016. 
Initially, the degree of IIVC clamping was fixed at 80%. 
However, despite successfully reducing the amount of bleed-
ing, the procedure resulted in severe hypotension (systolic 
blood pressure < 80 mmHg), such that large doses of vaso-
active agents were needed to ameliorate the hemodynamic 
instability. From 2017 onward, the degree of IIVC clamping 
was adjusted to below 80%, based on the hemodynamic tol-
erance of each patient. This management protocol of IIVC 
clamping significantly reduced hemodynamic instability, 
and systolic blood pressure was maintained above 80 mmHg 
with only low doses of vasoactive agents. Hence, we hypoth-
esized that changes in the IIVC clamping protocol could 
affect renal perfusion during surgery. The purpose of this 
study was to retrospectively examine whether changes in the 
degree of IIVC clamping in the last two years were associ-
ated with postoperative renal functional outcomes.

Methods

The study protocols were approved by the ethics commit-
tee of our institute (2017-276). Written, informed consent 
was obtained from all patients. Clinical data were obtained 
from the patients’ anesthesia records (CAP-2000 clinical 
network system; Nihon Kohden, Japan) and medical records 
(MagaOak; NEC, Japan).

Patients

Data from 133 cases who underwent elective partial and 
major hepatic resection between 2016 and 2017 at our insti-
tute were analyzed. Inclusion criteria were patients who 
underwent laparotomy for elective hepatic surgery using 
the IIVC clamping technique. The following cases were 
excluded: 59 cases in whom IIVC clamping was not per-
formed due to intraperitoneal adhesions or laparoscopic 
surgery, one case in which IIVC clamping was immediately 
canceled because of extremely severe hypotension, two cases 
of exploratory laparotomy for disease progression, two cases 
with simultaneous surgery at another site (gastric and rectal), 
and one case of emergency surgery for impending rupture 
of the lesion. The remaining 68 eligible cases were divided 

into two groups based on the IIVC clamping management 
strategy, resulting in 34 cases in each group.

Anesthesia management

Most patients underwent thoracic epidural catheter inser-
tion at the T7/8-8/9 level prior to anesthesia induction. Gen-
eral anesthesia was induced using 1–2 mg/kg propofol and 
0.6–1.0 mg/kg rocuronium, followed by endotracheal intuba-
tion, and maintained with inhalation of 1.5–2.0% sevoflurane 
or 4.0–6.0% desflurane in 40–45% oxygen. Mechanical ven-
tilation with a tidal volume of 8–10 ml/kg and respiratory 
rate of 8–15 breaths/min was adjusted to maintain end-tidal 
carbon dioxide at 30–40 mmHg. Bolus doses of local anes-
thetics (0.125–0.375% ropivacaine and/or 0.1–0.25% lev-
obupivacaine) and low doses of opioids (morphine 1–2 mg 
or fentanyl 100 µg) were infused into the epidural space for 
intraoperative analgesia. During surgery, arterial blood pres-
sure was continuously monitored using a circulatory index 
monitoring device (Vigileo/FloTrac®; Edwards Lifesciences, 
Irvine, CA, USA), and the remifentanil infusion dose was 
adjusted between 0.05 and 0.4 µg/kg/min to ensure appro-
priate hemodynamics. In all cases, each anesthesiologist 
performed the anesthetic protocols to reduce the amount of 
bleeding. Systemic infusions were restricted until hepatic 
resection was completed while monitoring CVP or stroke 
volume variation (SVV). A generally recognized CVP target 
value of less than 5 mmHg was applied, which was above 
10% in the case of SVV [14, 15]. During hepatic resection, 
the respiratory settings were changed to a low tidal volume 
setting without positive end expiratory pressure [16]. Vaso-
dilators were not administered intravenously in any case. 
Bed rotation was performed when requested by the surgeons. 
Fluid resuscitation was allowed after hepatic resection. Con-
tinuous epidural analgesia or intravenous patient-controlled 
analgesia was used to relieve postoperative pain.

Surgical procedures to reduce bleeding 
during the hepatic surgery

Two kinds of vascular clamping were performed during 
hepatic resection, portal triad clamping and IIVC clamping. 
Portal triad clamping by the Pringle maneuver was repeated 
regularly, with 15 min of ischemic time and 5 min of rep-
erfusion time [17]. As illustrated in a previous article [18], 
IIVC clamping was performed using a loop-tourniquet sys-
tem surrounding the vena cava. The degree of IIVC clamp-
ing indicated the percentage of occlusion to caval diameter 
before tightening and was performed continuously from 
just before resection to its completion. In the year 2016, the 
degree of IIVC clamping was fixed at 80%. However, at the 
end of 2016, we discussed with the surgeons regarding the 
degree of IIVC clamping to maintain hemodynamics at an 
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acceptable level. Later in 2017, the degree of IIVC clamping 
decreased and was adjusted from a maximum of 80% to less 
than 80% as follows. Surgeons predicted the optimal degree 
of clamping of less than 80% based on the IIVC tension, 
followed the procedure in a staged manner to ensure that 
the systolic arterial blood pressure exceeded 80 mmHg, and 
this was confirmed for a minute. When excessive bleeding or 
breakdown of hemodynamics occurred during the resection, 
further adjustment was performed.

Changes in hemodynamics after IIVC clamping

Interrupting IVC flow causes significant hemodynamic 
changes, whereas the hemodynamic effects of portal triad 
clamping are limited to a 10% reduction in the cardiac 
index [19]. The cardiovascular reflex after IIVC clamping 
was not clarified previously, but the THVE method was 
thoroughly investigated [20]. An example of data measured 
with a Vigileo/FloTrac system in 2017 was stored to analyze 
the hemodynamic effects of IIVC clamping. The analysis 
was performed by averaging three measurements per min-
ute, updated every 20 s. In all cases, to compare the blood 
pressure drop immediately after IIVC clamping between 
the 2016 and 2017 groups, five measurements of arterial 
blood pressure and heart rate at one-minute intervals for 
five minutes were averaged before and after IIVC clamping 
combined with portal triad clamping. If data collection was 
hindered due to the non-invasive blood pressure measure-
ments or blood sampling, the other data were averaged.

Intraoperative use of vasoactive agents

Vasoactive agents were administered when a drop in sys-
tolic blood pressure to below 80 mmHg occurred during 
surgery. If bolus injection failed to ameliorate hypotension, 
the drug was administered continuously at the discretion of 
the anesthesiologist. In 2016, the kinds of vasoactive agents 
used were freely selected; whereas in 2017, the kinds and 
dosages of vasoactive agents allowed in the previous study 
were as follows [10]: the first choice was phenylephrine for 
bolus injection and low-dose noradrenaline (within 0.1 µg/
kg/min) for continuous injection. In all cases over the entire 
study period, ephedrine or phenylephrine was administered 
by bolus injection. Furthermore, noradrenaline or dopamine 
was administered by continuous injection in most cases, 
although there were two cases during 2016 in which a con-
tinuous phenylephrine infusion was administered.

Study objective

The objective of this study was to examine whether postop-
erative renal function was affected by the change in man-
agement of the degree of IIVC clamping. Postoperative 

blood biochemistry tests were routinely performed daily 
from the day of surgery to postoperative day 2 (POD 2) 
and day 7 (POD 7), and randomly between them. In three 
cases during 2016, when POD 7 was a national holiday, 
measurements were taken on day 8 (POD 8) instead. The 
primary outcome measure was the absolute values of 
serum creatinine (Cr) and estimated glomerular filtration 
rate (eGFR) immediately after surgery and on postopera-
tive day 1 (POD 1) and their values relative to baseline 
(%). In addition, increased serum Cr levels were diagnosed 
for acute kidney injury (AKI) using the KDIGO criteria 
within 48 h after surgery [21]. In these analyses, patients 
with strong AKI risk factors associated with hepatic sur-
gery were excluded: clinically diagnosed with abnormal 
serum Cr values or chronic kidney disease (CKD), cirrho-
sis, or biliary obstruction [3]. Preoperative comorbidities 
and medications that may adversely affect postoperative 
renal function were also investigated.

Statistical analysis

All data are expressed as means ± standard deviation (SD) or 
numbers of patients. Student’s t-test was used for statistical 
analysis of means if a normal distribution was verified by 
the Shapiro–Wilk test; otherwise, the Mann–Whitney U test 
was used. Fisher’s exact test was used for categorical data. 
GraphPad Prism 7 software (GraphPad Software Inc., San 
Diego, CA, USA) was used for all analyses, and a P value 
of < 0.05 was considered significant. Post hoc analysis was 
performed using G* Power 3.1 software (https ://www.gpowe 
r.hhu.de/; Heinrich Heine University, Düsseldorf, Germany) 
with postoperative elevation of serum Cr values from base-
line (%) as the primary endpoint, and an adequate power 
of > 80% was confirmed.

Results

Thirty-four patients who underwent hepatic surgery using 
the IIVC clamping technique were initially enrolled in 
each of the two groups. After excluding five patients from 
the 2016 group and four from the 2017 group because of 
preoperatively diagnosed renal dysfunction (eight cases) 
or cirrhosis (one case), 29 and 30 patients in the 2016 and 
2017 groups, respectively, were finally analyzed. Table 1 
shows the demographic and operative characteristics of 
the patients. The duration of IIVC clamping was equiva-
lent between the two groups; the average was within 2 h. 
There was no significant difference between the two groups 
in terms of anesthetic technique, overall surgery and anes-
thesia time, and preoperative comorbidities or medications.

https://www.gpower.hhu.de/
https://www.gpower.hhu.de/
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Hemodynamic changes in the two types of hepatic 
vascular clamping.

An example of hemodynamic changes after IIVC clamping 
is shown in Table 2. There were no effect of bolus admin-
istration of vasoactive agents on the results, but a slight 

amount of noradrenaline (0.01–0.02 µg/kg/min) was admin-
istered after T3 onwards. Consistent with hormonal and 
hemodynamic changes associated with THVE [20], IIVC 
clamping greatly reduced stroke volume and cardiac output 
along with CVP, and then greatly increased the systemic 
vascular resistance index (SVRI) and SVV (T0 to T2). As 

Table 1  Demographic and 
operative characteristics

Data in the table are presented as means ± standard deviation and numbers of patients
ASA American Society of Anesthesiologists, GA general anesthesia; Epi epidural analgesia; iv-PCA intra-
venous Patient-Controlled Analgesia, NSAIDs nonsteroidal anti-inflammatory drugs, ACE angiotensin-con-
verting enzyme, ARB angiotensin II receptor blockers, IIVC infrahepatic inferior vena cava, HES hydroxy-
ethyl starch
*P < 0.05

2016 (n = 29) 2017 (n = 30) P value

Age (years) 68.8 ± 10.2 66.9 ± 8.6 0.4667
Sex (male/female) 22/7 22/8  > 0.999
Height (csm) 162.0 ± 9.4 161.4 ± 6.9 0.8145
Weight (kg) 60.4 ± 11.4 58.3 ± 9.0 0.4397
ASA score I/II/III/IV 0/29/0/0 0/30/0/0
Anesthetic technique
 GA + Epi 27 27  > 0.999
 GA + iv-PCA 2 3  > 0.999

Disease
 Primary liver cancer 9 11 0.7847
 Metastatic liver cancer 13 14  > 0.999
 Hilar bile duct cancer 6 7  > 0.999
 Gallbladder cancer 0 2 0.4915
 Benign disease 1 1  > 0.999

Comorbidities
 Hypertension 11 9 0.5889
 Ischemic heart disease 0 2 0.4915
 Valvular disease (more than moderate level) 0 1  > 0.999
 Atrial fibrillation 0 1  > 0.999
 Diabetes mellitus 7 8  > 0.999

Underlying liver disease
 Viral hepatitis B or C 8 5 0.3648
 Alcoholic hepatitis 0 2 0.4915

Preoperative medications
 NSAIDs 3 3  > 0.999
 ACE inhibitors 1 0 0.4915
 ARB 5 5  > 0.999
 Diuretics 1 0 0.4915

Type of hepatic surgery (major/partial) 24/5 24/6  > 0.999
Duration of surgery (min) 483.1 ± 117.1 450.2 ± 92.8 0.3697
Duration of anesthesia (min) 577.3 ± 118.7 562.1 ± 104.3 0.7606
Duration of IIVC clamping (min) 117.2 ± 56.2 115.7 ± 58.6 0.7663
Total fluid volume (ml) 3961.0 ± 1221.1 3627.9 ± 889.5 0.2856
Used volume of HES (ml) 1115.4 ± 568.4 1021.7 ± 462.5 0.7146
Total urine volume (ml) 713.6 ± 438.2 551.1 ± 293.8 0.1797
Total blood loss (g) 557.1 ± 806.2 294.1 ± 359.2 0.3176
Autotransfusion 9 6 0.3817
Other transfusion 3 1 0.3533
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previously reported [22], the SVRI once increased gradually 
decreased as portal triad clamping was repeatedly released 
(T3–T8). The changes in arterial blood pressure and heart 
rate immediately after IIVC clamping combined with por-
tal triad clamping in all cases are shown in Table 3. There 
were no significant differences in baseline blood pressure 
and heart rate between the 2016 and 2017 groups. How-
ever, blood pressure after IIVC clamping was significantly 
different between the two groups; both systolic and mean 
blood pressures were significantly lower in the 2016 group 
(P = 0.0068, 0.0344), whereas diastolic blood pressure was 
comparable. The increased heart rate after IIVC clamping 
was not significantly different between the two groups.

Usage and duration of vasoactive agents

The main anesthetics, including vasoactive agents, used dur-
ing hepatic surgery are listed in Table 4. In addition, thio-
pental was used in one case in 2017 instead of propofol due 
to soy allergy. In one case in 2016 and two cases in 2017, 
1% mepivacaine was administered into the epidural space in 
addition to the test dose of catheter insertion. There was no 
difference between the two groups in the type of inhalation 
anesthetic and the amount of intravenous anesthetic used, 
but rocuronium, a muscle relaxant, was used significantly 
less in the 2017 group (P = 0.0091). Regarding vasoactive 
agents, there was a rule in 2017 that phenylephrine and 
noradrenaline were the first choices compared to the free 
choice in 2016. Nonetheless, bolus phenylephrine was used 
less in 2017 than in 2016 (P = 0.0017). Continuous norepi-
nephrine administration in the 2017 group was not associ-
ated with any significant differences in the number of cases, 
mean injection time, and mean amount per dose. The use of 

significantly less vasoactive agents in 2017 was also seen 
for bolus ephedrine (P = 0.0221) and, in particular, continu-
ously administered dopamine (P = 0.0221, 0.0007, 0.0045), 

Table 2  An example of 
hemodynamic changes with 
IIVC clamping and portal triad 
clamping

T0, T1, T2 = before, 1 min, and 5 min after simultaneous IIVC clamping and portal triad clamping; T3, 
T4 = before and 5 min after the release of the first portal triad clamping; T5, T6 = before and 5 min after the 
release of the second portal triad clamping, T7, T8 = before and 5 min after the release of the third portal 
triad clamping
IIVC infrahepatic inferior vena cava, SVRI systemic vascular resistance index, CO cardiac output, SV stroke 
volume, SVV stroke volume variation, HR heart rate, MAP mean arterial blood pressure, CVP central 
venous pressure

SVRI (dyne-
sec-m2/cm5)

CO (L/min) SV (ml) SVV (%) HR (bpm) MAP
(mmHg)

CVP
(mmHg)

T0 1536.3 5.2 72.3 8.0 72 68 6
T1 1842.3 3.6 50.0 16.3 73 48 2
T2 3225.7 3.7 44.3 17.7 85 103 4
T3 2779.3 4.1 49.7 13.0 84 97 4
T4 1834.7 4.4 58.0 13.0 75 66 3
T5 2699.0 4.2 49.7 16.0 85 96 4
T6 1550.7 4.6 63.0 12.0 73 61 5
T7 2014.0 4.3 51.0 16.0 84 69 6
T8 1526.0 5.0 68.0 9.7 74 64 7

Table 3  Changes in blood pressure and heart rate after IIVC clamp-
ing

Data in the table are presented as means ± standard deviation
IIVC Infrahepatic Inferior Vena Cava
*P < 0.05

2016 (n = 29) 2017 (n = 30) P value

Heart rate (bpm)
 Average before IIVC 

clamping
76.7 ± 7.9 74.8 ± 14.1 0.5373

 Average after IIVC clamp-
ing

80.4 ± 9.3 75.4 ± 13.5 0.1205

Systolic blood pressure 
(mmHg)

 Average before IIVC 
clamping

104.6 ± 13.3 105.1 ± 14.8 0.9903

 Average after IIVC clamp-
ing

83.7 ± 12.5 94.0 ± 14.5 0.0068*

Diastolic blood pressure 
(mmHg)

 Average before IIVC 
clamping

53.1 ± 9.0 52.9 ± 10.2 0.9480

 Average after IIVC clamp-
ing

50.3 ± 6.2 52.0 ± 8.6 0.3967

Mean blood pressure 
(mmHg)

 Average before IIVC 
clamping

70.6 ± 10.4 70.5 ± 11.2 0.9384

 Average after IIVC clamp-
ing

60.5 ± 7.7 65.8 ± 10.1 0.0344*
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although the aforementioned rules may have affected use. 
The doses of agents used for intraoperative analgesia dif-
fered partially between the two groups. The amount of intra-
venous fentanyl used was significantly higher in the 2017 
group than in the 2016 group (P = 0.0199); while remifen-
tanil usage was similar between the two groups. The amount 
of local anesthetic administered epidurally was significantly 
lower in 2017 for levobupivacaine than in the 2016 group 
(P = 0.0442), but comparable for ropivacaine.

Transient deterioration of renal function 
after hepatic surgery

In both groups, a temporary increase of the serum Cr level and 
a decrease of eGFR were observed in the acute phase after sur-
gery, as shown in Table 5. There was a significant difference in 
the degree of renal deterioration between the two groups. The 
increase in serum Cr was greater in the 2016 than in the 2017 
group on POD 1 (P = 0.0220). When an analysis of percentage 

increase in the serum Cr level relative to baseline was per-
formed, a significant difference was seen in the levels both 
immediately after surgery and on PODs 1 and 2 (P = 0.0143, 
0.0012, 0.0046). The decrease in eGFR was greater in the 2016 
than in the 2017 group both immediately after surgery and 
on POD 1 (P = 0.0318, 0.0067). Furthermore, analysis of the 
percentage decrease in eGFR relative to baseline demonstrated 
a significant difference both immediately after surgery and on 
PODs 1 and 2 (P = 0.0042, 0.0003, 0.0382). These cases of 
deteriorated renal function were investigated for the incidence 
of AKI using the KDIGO criteria, and the 2017 group tended 
to have less severe AKI than the 2016 group.

Discussion

In the present study, a retrospective analysis of the relation-
ship between the change in the degree of IIVC clamping 
and resultant postoperative renal function was performed. 

Table 4  Anesthetics including 
vasoactive agents

Data in the table are presented as means ± standard deviation and numbers of patients
*P < 0.05

2016 (n = 29) 2017 (n = 30) P value

Inhalation anesthetics
 Sevoflurane (1.5–2.0%) 10 13 0.5959
 Desflurane (4–6%) 19 17 0.5959

Intravenous anesthetics
 Propofol (mg) 96.6 ± 32.4 95.5 ± 25.5 0.8303

Muscle relaxant
 Rocuronium (mg) 193.7 ± 48.8 162.4 ± 38.2 0.0091*

Opioids
 Epidural administration
  Morphine (mg) 1.55 ± 1.16 1.21 ± 1.15 0.4140
  Fentanyl (µg) 16.0 ± 31.8 9.3 ± 24.7 0.4237

 Intravenous administration
  Remifentanil (mg) 4.13 ± 1.89 4.98 ± 2.20 0.1607
  Fentanyl (µg) 94.5 ± 183.6 176.1 ± 187.6 0.0199*

Local anesthetics (epidural administration)
 Ropivacaine (mg) 20.1 ± 22.4 25.4 ± 16.2 0.1508
 Levobupivacaine (mg) 39.2 ± 21.9 28.8 ± 25.4 0.0442*

Vasoactive agents
 Ephedrine bolus dosage (mg) 27.3 ± 13.8 19.3 ± 13.8 0.0221*
 Phenylephrine bolus dosage (mg) 1.4 ± 1.1 0.7 ± 0.7 0.0017*
 Continuous administration of dopamine
  Number of cases (n) 12 2 0.0221*
  Average time of injection (min) 127.0 ± 207.7 8.1 ± 30.5 0.0007*
  Average dose per time (mg/h) 3.4 ± 5.0 0.9 ± 3.4 0.0045*

 Continuous administration of noradrenaline
  Number of cases (n) 4 7 0.5062
  Average time of injection (min) 49.0 ± 130.7 26.1 ± 64.6 0.3534
  Average dose per time (mg/h) 0.03 ± 0.08 0.04 ± 0.08 0.2264
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Patients who underwent surgery in 2016 and who received 
constant 80% IIVC clamping required copious use of vasoac-
tive agents to treat hemodynamic instability and also experi-
enced greater deterioration in renal function than the subse-
quent 2017 group who received adjustable IIVC clamping.

There are a variety of combined surgical and anesthetic 
protocols to minimize the amount of bleeding in hepatic 
surgery. Since intermittent portal triad clamping successfully 
prevents the inflow of blood into the liver during resection 
[23], most of the other protocols aim to reduce blood flow 
in the outflow system, i.e., the hepatic vein. Fluid restriction 
is practiced by the anesthesiologist to lower hepatic venous 
pressure while monitoring CVP. IIVC clamping was intro-
duced to surgically lower CVP as an alternative to anesthetic 
fluid restriction [6]. The effect of IIVC clamping to reduce 
the amount of bleeding is certain [7], but the safety of this 
technique remains uncertain. One problem is the risk of pul-
monary embolism from thrombosis due to venous stasis that 

occurs in the lower body after clamping [10]. Perhaps in 
this study, surgeons moderated the degree of IIVC clamping 
compared to complete blockade to avoid venous thrombus 
formation. The other is a potential adverse effect on hemody-
namics due to inseparability from the central circulation. To 
avoid serious complications of THVE [13], IIVC clamping 
was introduced on the premise that the effect of blocking 
venous return did not cause any hemodynamic disturbance 
and preserved renal function [6, 10]. However, in our expe-
rience, IIVC clamping also led to compromise of systemic 
hemodynamics. It has been reported that hemodynamics 
after 100% IIVC clamping was well maintained and was 
protective of renal function, which was because of abundant 
infusion [10]. In the present study, IIVC clamping was per-
formed on the poorer fluid conditions by anesthesia, which 
may have consequently increased the negative systemic 
hemodynamic effects with even less than 100% clamping.

Table 5  Transient deterioration 
of postoperative renal function

Data in the table are presented as means ± standard deviation
Cr Creatinine; POD Postoperative day; eGFR estimated glomerular filtration rate
*P < 0.05

2016 (n = 29) 2017 (n = 30) P value

Serum Cr value (mg/dl)
 Baseline 0.74 ± 0.13 0.76 ± 0.15 0.5508
 Immediately after surgery 1.07 ± 0.24 0.98 ± 0.30 0.2335
 POD 1 1.02 ± 0.30 0.85 ± 0.25 0.0220*
 POD 2 0.84 ± 0.27 0.75 ± 0.20 0.1699
 POD 7/8 0.73 ± 0.15 0.71 ± 0.15 0.6643

Cr value change from baseline (%)
 Baseline 100 100
 Immediately after surgery 146.1 ± 30.5 128.0 ± 28.8 0.0143*
 POD 1 140.3 ± 43.2 110.8 ± 24.7 0.0012*
 POD 2 115.5 ± 38.5 97.4 ± 15.8 0.0046*
 POD 7/8 100.1 ± 20.4 93.7 ± 13.5 0.3660

eGFR (ml/min)
 Baseline 78.0 ± 16.4 75.1 ± 14.2 0.4178
 Immediately after surgery 52.1 ± 11.3 60.6 ± 17.1 0.0318*
 POD 1 57.9 ± 18.0 72.0 ± 19.7 0.0067*
 POD 2 72.1 ± 22.9 79.8 ± 17.2 0.1593
 POD 7/8 80.2 ± 19.5 81.6 ± 15.5 0.6061

eGFR change from baseline (%)
 Baseline 100 100
 Immediately after surgery 68.1 ± 14.2 80.6 ± 17.1 0.0042*
 POD 1 75.4 ± 20.7 95.9 ± 19.4 0.0003*
 POD 2 93.7 ± 26.1 106.0 ± 16.3 0.0382*
 POD 7/8 104.0 ± 18.6 110.0 ± 18.2 0.2250

Acute kidney injury (creatinine criteria)
 Stage 1 9 7 0.5675
 Stage 2 4 1 0.1945
 Stage 3 0 0
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Perioperative renal protection primarily requires the pre-
vention of hypoxic damage to the renal medulla [2]. For 
this, to maintain renal perfusion, it is recommended to first 
correct hypovolemia [24] and maintain mean blood pressure 
at the reference value [25]. The dehydration effects of fluid 
restriction can compromise the suitability of both intravas-
cular volume and blood pressure. The results of the present 
study showed that IIVC clamping, the same outflow control 
method as fluid restriction, can also impair renal function. 
As shown in the example of hemodynamic changes meas-
ured with the Vigileo/FloTrac system, the IIVC clamping 
causes a sudden decrease in preload, and the resulting low 
cardiac output significantly lowers blood pressure. Although 
the blood pressure decrease is reflexively compensated by 
increased peripheral vascular resistance, it is transient and 
may not be sufficient to maintain hemodynamics for a long 
time. In the present study, the constant greater degree of 
IIVC clamping in the 2016 group caused a more signifi-
cant decrease of blood pressure immediately after IIVC 
clamping compared to the hemodynamically adjusted IIVC 
clamping in the 2017 group. Subsequent blood pressure may 
have been maintained equally in both groups by vasoactive 
agents, but cardiac output that theoretically affects renal per-
fusion should have decreased more in the 2016 group [26]. 
Furthermore, the renoprotective effect is not evident among 
cardiovascular drugs used in the current clinical setting [24]. 
In various major surgeries, attention has been focused on 
the relationship between small changes in creatinine levels 
in the early postoperative period and patient prognosis [27, 
28]. AKI after hepatic surgery is also associated with worse 
short-term outcomes during hospitalization [29–31], but the 
impact on long-term outcomes, including renal function, 
does not seem major [30, 32]. When focusing on low CVP-
assisted hepatic surgery, most cases of AKI were normal-
ized, and clinical impacts were considered limited [5]. In the 
present study, AKI occurred at a higher rate than previously 
reported, at approximately 15% [33], but renal deterioration 
was similarly reversible.

In the present study, surgeons also attempted to lower 
CVP using IIVC clamping, while the anesthesiologists lim-
ited infusion and lowered CVP. The conflicting relationship 
between IIVC clamping and fluid loading may be involved 
in the background. The surgical literature recommends that 
the rate of infusion during hepatic surgery be very strictly 
reduced to 1 ml/kg/h [18], but anesthesiologists may often 
not agree with this. In the 2016 group, a constant greater 
degree of IIVC clamping was probably applied to counter-
act the effects of anesthetic fluid loading. Years after the 
first publication of the IIVC clamping method, the surgeon 
proposed a reference CVP value over the low 4 mmHg as 
an indication for IIVC clamping due to concerns about air 
embolism when the CVP is exposed to negative pressure 
[18]. Therefore, in the present study, it can be surmised that 

the IIVC clamping technique is aimed at reducing the CVP 
at the initiative of the surgeon, controlling the outflow sys-
tem more strictly than anesthesia control alone, and resulting 
in much less blood loss. In that case, the conservative nature 
of the central circulation previously assumed in the IIVC 
clamping method is easily ignored. While the adjustable 
IIVC clamping was expected to be less effective at reduc-
ing blood loss than the fixed degree of clamping, there was 
instead a trend toward efficacy in terms of blood loss and 
transfusion. This may be because the more rapid infusions 
administered with vasoactive agents in the 2016 group coun-
teracted the bleeding reduction effect of the IIVC clamping 
through the route from the superior vena cava through the 
cardiac pump to the hepatic vein. Thus, it may be suggested 
that both slow infusion rates and acceptable hemodynamics 
which allow slow fluid administration may be important for 
the coexistence of efficacy and safety of the IIVC clamp-
ing, which is in contrast to the bulk infusion allowed in the 
THVE method.

Limitations

In the present study, the rate of IVC diameter reduction dur-
ing IIVC clamping was evaluated visually by a well-trained 
surgeon. A quantitative scale to precisely adjust the degree 
of IIVC clamping should be developed in the future. Fur-
thermore, there were limitations inherent in the retrospective 
nature of the present study. The experience of anesthesi-
ologists with cases during the previous observation period 
might have affected the anesthesia protocol that was used 
during the subsequent observation period. In particular, 
vasoactive agent selection, opioids, and epidural anesthesia 
doses that were different between the 2016 and 2017 groups 
may have affected the outcome of postoperative renal func-
tion and other collected data. Nevertheless, we believe that 
the present study provides useful clinical information on the 
safe management of hepatic surgery using the IIVC clamp-
ing technique.

Conclusion

IIVC clamping is an effective method for reducing intraop-
erative blood loss during hepatic surgery, although it has 
detrimental effects on systemic circulation. The previously 
practiced method of application of a constant greater degree 
of IIVC clamping was associated with a copious need for 
vasoactive agents to treat the resultant hypotension, and the 
significant, though transient, deterioration of postoperative 
renal function. Adjusting the degree of IIVC clamping to 
maintain hemodynamics might reduce postoperative renal 
deterioration, while still meeting the goal of reducing intra-
operative bleeding.
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