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Modification of Acid-Base Balance in Cirrhotic Patients
Undergoing Liver Resection for Hepatocellular Carcinoma

Alessandro Cucchetti, MD,* Antonio Siniscalchi, MD,† Giorgio Ercolani, MD,*
Marco Vivarelli, MD,* Matteo Cescon, MD,* Gian Luca Grazi, MD,* Stefano Faenza, MD,†

and Antonio Daniele Pinna, MD*

Objective: To examine modifications of acid-base balance of cir-
rhotic patients undergoing hepatectomy for hepatocellular carci-
noma (HCC).
Summary Background Data: Acid-base disorders are frequently
observed in cirrhotics; however, modifications during hepatectomy
and their impact on prognosis have never been investigated.
Methods: Two hundred and two hepatectomies for HCC on cirrho-
sis were reviewed. Arterial blood samples were collected immedi-
ately before and at the end of resection. Preresection and postresec-
tion acid-base parameters were compared and related to patient
characteristics and postoperative course. The accuracy of acid-base
parameters in predicting postoperative liver failure, defined as an
impairment of liver function after surgery that led to patient death or
required transplantation, was assessed using receiver operating char-
acteristic analysis (ROC).
Results: All patients showed a significant reduction in pH, bicar-
bonate, and base excess at the end of hepatectomy (P � 0.001 in all
cases), worsened by intraoperative blood loss (P � 0.010) and
preoperative Model for end-stage liver disease score �11 (P �
0.010). ROC curve analysis identifies patients with postresection
bicarbonate �19.4 mmol/L at high risk for liver failure (50.0%)
whereas levels �22.1 mmol/L did not lead to the event (0%; P �
0.001). Postoperative prolongation of prothrombin time and in-
creases in bilirubin, creatinine, and morbidity were also more
frequent in patients with lower postresection bicarbonate, resulting
in a longer in-hospital stay.
Conclusion: In cirrhotic patients, a trend toward a relative acidosis
can be expected during surgery and is worsened by the severity of
the underlying liver disease and intraoperative blood loss. Postresec-
tion bicarbonate level lower than 19.4 mmol/L is an adverse prog-
nostic factor.

(Ann Surg 2007;245: 902–908)

Hepatocellular carcinoma (HCC) represents one of the
most common tumors worldwide and, in the majority of

cases, occurs in patients with chronic underlying liver disease
mainly caused by hepatitis B and C viruses.1 In cirrhotic
patients, resection of HCC requires expert candidate selec-
tion, adequate skills in carrying out the surgical procedure,
and optimal postoperative management.2–6

In addition to the evaluation of tumor status, a careful
preoperative evaluation of liver function is mandatory to
assess resectability. Several clinical and biochemical vari-
ables, namely ascites, prolonged prothrombin time (PT),
increase of serum creatinine and bilirubin levels, and de-
crease of serum albumin are typical markers of impaired liver
function; these parameters were largely used to measure
hepatic functional reserve by means of the Child-Turcotte-
Pugh (CTP) score7,8 and, more recently, the Model for
End-stage Liver Disease (MELD).9–11 Acid-base disorders
are also observed in cirrhotic patients; in particular, respiratory
alkalosis has been frequently reported12–15 whereas develop-
ment of metabolic acidosis has been associated with increas-
ing severity of liver disease, bleeding, sepsis, or shock.16

We hypothesize that cirrhotic patients undergoing liver
surgery may experience an acid-base disorder that reflects
both the severity of the underling liver disease and the
surgical injury; thus, the aims of the present study were to
investigate the acid-base balance in relationship with the
severity of liver disease, the surgical procedure, and the
postoperative outcome of cirrhotic patients undergoing liver
resection for HCC.

METHODS
Between January 1997 and March 2006, 230 patients

underwent curative hepatic resection for HCC on cirrhosis at
the Department of Surgery and Transplantation of the Uni-
versity of Bologna: the policy of our center regarding indi-
cations for hepatic resection has already been published2;
however, in recent years selection criteria were enlarged,
including more advanced tumors and cirrhosis, considering
hepatectomy as a bridge to liver transplantation for selected
patients on waiting list. Of these patients, 28 were not
included in the analysis for the following reasons: incomplete
clinical data (21 patients), presence of chronic renal insuffi-
ciency that did not allow a reliable measurement of both the
acid-base balance and the MELD score (4 patients) and early
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postoperative death due to acute myocardial infarction (2
patients) and pulmonary embolism (1 patient). The final study
group consisted of 202 patients with HCC and histologic-
proven cirrhosis.17

General anesthesia started with intravenous midazolam
(0.04 mg/kg), propofol (2–2.5 mg/kg), fentanyl (1–2 �g/kg),
and vecuronium (0.1 mg/kg) administration and was main-
tained with sevoflurane (0.5–1% MAC) in a mixture of air
and oxygen (FiO2% � 50). A peripheral venous 14G catheter,
a 20-cm 14G central venous catheter (CVC) in the right
internal jugular vein and a 20G catheter in the left radial
artery were used for fluid infusion, hemodynamic monitoring,
and acid-base parameter measurement. Arterial blood sam-
ples were collected in all patients from the radial artery,
immediately before the start of parenchymal transection and
at the end of resection: pH, partial pressure of carbon dioxide
(pCO2) and oxygen (po2), bicarbonate (HCO3

�), and base
excess (BE) were measured with a blood gas analyzer (Rapid
Point, Bayer Healthcare, Leverkusen, Germany) in all patients.

Crystalloids, colloids, red blood cell units, fresh frozen
plasma, and albumin infusions were guided by pertinent
clinical signs of perfusion, mean arterial and central venous
pressure (CVP) and waveform changes of the ventilatory
cycle. Fluid infusion was minimal during hepatic dissection
to keep CVP lower than 5 mm Hg to reduce bleeding from
hepatic veins.18 Corrective actions were adopted in the event
of hypotension (systolic arterial pressure �80 mm Hg or a
reduction of more than 30% with respect to baseline values)
and included the administration of physiologic solution, col-
loids in the event of poor response to crystalloids and ephed-
rine with atropine addiction in the event of bradycardia; if
hematocrit was lower than 27% and/or hemoglobin was lower
than 8 gr/dL red blood cell transfusion was started. Correc-
tion of acidosis was adopted at the end of resection and
consisted of intravenous administration of sodium bicarbon-
ate 8.4% until normalization of parameters. Patients hypo-
thermia was prevented by warm fluid infusion, forced-air
warming, and the use of warm water on the surgical field.

The endpoints of the study were as follows:

1. To investigate the relationship between preresection acid-
base balance and the baseline characteristics of the study
population; in particular, the relationship with the severity
of underlying liver disease, assessed by both CTP score8

and MELD score19 was examined (for the calculation of
both CTP and MELD scores only biochemical values from
the laboratory of our center were used).

2. To examine the modification of acid-base parameters
throughout surgical resection; in particular, the relation-
ship between postresection acid-base parameters and the
extent of hepatectomy, with reference to the International
Hepato Pancreato Biliary Association (IHPBA) classifica-
tion20; all resections were performed to achieve a tumor-
free margin of at least 1 cm based on intraoperative
examination and ultrasonography; major hepatic resection
was defined as the removal of more than 2 segments; in
addition, the relationships between postresection acid-base

parameters, intraoperative blood transfusion and Pringle
maneuver were also investigated.

3. To explore the relationship between postresection acid-
base parameters and postoperative development of irre-
versible liver failure, defined as a growing impairment of
liver function after resection that led to patient death or
required transplantation; the association with postopera-
tive complications was also explored, including occur-
rence of refractory ascites (requiring drainage), increase of
bilirubin levels above 3 mg/dL (294 �mol/L), alteration of
coagulation factors requiring fresh frozen plasma (INR
above 1.50), and renal impairment (blood urea nitrogen
above 2.00 g/L and/or increase of serum creatinine above
2.00 mg/dL, corresponding to 182 �mol/L) as previously
reported.10 Length of in-hospital stay was computed from
the day of surgery until discharge at home.

The study protocol was in accordance with the Decla-
ration of Helsinki and subsequent amendments.

Statistical Analysis
Continuous variables were expressed as mean and stan-

dard deviation. Differences between subgroups were ex-
plored by the independent-samples t test procedure after
Levene test for equality of variances and differences between
preresection and postresection acid-base parameters by
paired-samples t test procedure. Categorical variables were
reported in number of cases and prevalence and differences
between subgroups were compared using the �2 analysis with
Yates correction were necessary.

The prognostic value of postresection acid-base param-
eters in predicting postoperative liver failure was assessed
using receiver operating characteristic (ROC) curve analy-
sis21: the area under the curve (AUC), the sensitivity, the
specificity, the positive and negative predictive values (PPV
and NPV, respectively), and the positive and negative likeli-
hood ratio (PLR and NLR, respectively) for cut-off points
obtained were reported. The likelihood ratio incorporates the
sensitivity and specificity of a test into a single measure,
which is independent of the prevalence of the disease in the
population, making the results better applicable to different
series of patients. For PLR, values over 10 indicate high
predictive power, whereas values between 5 and 10 moderate
power. For NLR the values for high or moderate predictive
power are respectively below 0.1 and between 0.1 and 0.2.
Values of around 1 indicate that no useful information for
ruling the diagnosis in or out was produced by the clinical
findings.

A significance level of 0.05 was used in all analyses.
The statistical analysis was done using SPSS Version 10.0
software for PC computer (SPSS, Chicago, IL) and ROC
analysis was performed using MedCalc Version 7.2.1.0
(MedCalc Software, Mariakerke, Belgium).

RESULTS
The study population included 155 men (76.7%) and 47

women (23.3%). The mean age was 63.9 � 8.9 years ranging
from 41 to 85 (Table 1). One hundred and ninety patients
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were classified as CTP class A (94.1%) and 12 patients as
class B (7.1%): mean CTP score was 5.4 � 0.6 ranging from
5 to 8. Mean MELD score prior to surgery was 8.8 � 1.7
ranging from 6 to 15. Surgery consisted of minor hepatic
resections in 193 cases (95.5%) and of major hepatic resec-
tions in the remaining 9 (4.5%). Data regarding operating
time, crystalloids, colloids, and albumin administration (in-
cluding red blood cell and fresh frozen plasma transfusions),
hypotension episodes, duration of hypotension, and correc-
tion of acidosis are reported in Table 2. Fifteen of 202
patients (7.4%) developed irreversible postoperative liver
failure. Of these patients, 4 were considered eligible for liver
transplantation and successfully transplanted, whereas the
remaining 11 had absolute contraindications for liver trans-
plantation and died postoperatively; therefore, the mortality
for postoperative liver failure was 5.4%. Mean time from
surgery to liver transplantation or patient death was 59.4 �
48.6 days (range � 14–166). Ten of 15 patients were clas-
sified as CTP class A and underwent a major hepatectomy in
3 cases; the other 5 patients, classified as CTP class B,
underwent a minor hepatectomy in all cases.

Sixty-one patients (30.2%) experienced at least 1 post-
operative complication. Refractory ascites developed in 55
cases (27.2%), increase of bilirubin levels above 3 mg/dL was
observed in 35 cases (17.3%), severe alteration of coagulation
factors in 41 cases (20.3%), and renal impairment in 15 cases
(7.4%).

Acid-Base Balance Analysis Before
and After Hepatectomy

Acid-base parameters before resection are reported in
Table 3. No differences were observed between CTP class A
patients and class B; conversely, patients with preoperative
MELD score �11 showed significant lower bicarbonate (P �
0.043) and BE levels (P � 0.024) compared with patients
with lower MELD scores; pH, pO2, and pCO2 were similar.
Acid-base parameters were unaffected by age, sex, and eti-
ology of liver disease (data not shown).

Considering the entire study population, a significant
reduction in pH, bicarbonate, and BE levels was observed
after hepatectomy: pH decreased from a mean preresection
value of 7.43 � 0.05 to a mean postresection value of 7.39 �
0.05 (P � 0.001), bicarbonate decreased from 24.3 � 1.7 to
22.5 � 1.9 mmol/L (P � 0.001), and BE from �0.5 � 1.9 to
�2.5 � 2.3 mmol/L (P � 0.001); pO2 and pCO2 remained
similar (P � 0.236 and 0.165, respectively). Correction of
acidosis was adopted in 29 patients (14.4%): these patients
had a mean postresection value of pH of 7.34 � 0.06,
bicarbonate of 19.7 � 1.9 mmol/L, and BE of �5.9 � 2.5
mmol/L.

Postresection acid-base parameters (Table 4) were un-
affected by the extension of hepatectomy and Pringle maneu-
ver even if a trend toward lower pH, bicarbonate, and BE
levels was observed in patients undergoing major hepatec-
tomy. On the contrary, patients who experienced intraopera-
tive blood loss, requiring transfusion, showed significant
lower postresection pH (P � 0.008), bicarbonate (P �
0.001), and BE levels (P � 0.001) in comparison with
patients who did not require transfusion; in addition, these
patients had a significantly higher occurrence of hypotensive
episodes (12 of 47; 25.5%) in comparison with patients who

TABLE 1. Baseline Characteristics of the Study Population

Variables Patients in the Study (n � 202)

Age (yrs) 63.9 � 8.9

Age �65 yrs 102 (50.5%)

Male gender 155 (76.7%)

Hepatitis serology

Hepatitis C 135 (66.8%)

Hepatitis B 34 (16.8%)

Hepatitis B � C 11 (5.4%)

Negative 22 (10.9%)

Presence of mild ascites 10 (5.0%)

Serum albumin (g/dL) 3.8 � 0.4

Platelet count (103) (mm�3) 138 � 68

Serum creatinine (mg/dL) 0.96 � 0.23

Serum bilirubin (mg/dL) 0.97 � 0.49

INR 1.16 � 0.10

CTP score 5.4 � 0.6

CTP Class A 190 (94.1%)

CTP Class B 12 (5.9%)

MELD score 8.8 � 1.7

MELD score �11 30 (14.9%)

Size of the largest tumor (cm) 4.2 � 2.3

Solitary tumor 171 (85.1%)

Extension of hepatectomy

Subsegmentectomy (wedge) 110 (54.5%)

Segmentectomy 56 (27.7%)

Bisegmentectomy 27 (13.4%)

Major resection 9 (4.5%)

Pringle maneuver

Yes 51 (25.2%)

No 151 (74.8%)

Continuous variables are reported in mean and standard deviation.
INR indicates International Normalized Ratio; CTP, Child-Turcotte-Pugh; MELD,

model for end-stage liver disease.

TABLE 2. Intraoperative Parameters of the Study Population

Variables Patients in Study (n � 202)

Operating time (h) 4.51 � 1.56

Fluids administration

Crystalloids (mL) 202 (100%) 2715.7 � 843.8

Colloids (mL) 138 (38.3%) 782.8 � 443.6

Albumin (g) 35 (17.3%) 31.3 � 9.9

RBC (units) 47 (23.3%) 2.13 � 1.06

FFP (units) 66 (32.7%) 1.97 � 0.88

Hypotension episodes
(SAP �80 mm Hg)

21 (10.4%)

Duration of hypotension (min) 10.1 � 6.3

Sodium bicarbonate administration 29 (14.4%)

Continuous variables are reported in mean and standard deviation.
SAP indicates systolic arterial pressure; RBC, red blood cells; FFP, fresh frozen

plasma.
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did not require transfusion therapy (9 of 155; 5.8%; P �
0.001); pO2 and pCO2 remained similar. Patients with preop-
erative MELD score �11 had lower postresection pH (P �
0.002), bicarbonate (P � 0.001), and BE levels (P � 0.001)
in comparison with patients with lower MELD scores; pO2
and pCO2 remained similar. A further analysis showed that the
decrease in pH, bicarbonate, and BE was more accentuated in
patients with higher preoperative MELD score: the difference
between preresection and postresection pH (�0.06 � 0.03),
bicarbonate (�2.6 � 1.4 mmol/L), and BE (�3.0 � 2.3
mmol/L) was higher than that of patients with lower preop-
erative MELD scores who showed a difference in pH of
�0.03 � 0.05 (P � 0.003), in bicarbonate levels of �1.7 �
1.6 mmol/L (P � 0.004) and in BE of �1.8 � 1.7 mmol/L
(P � 0.003). Patients with higher MELD score experienced
also a trend toward a higher occurrence of hypotensive

episodes (5 of 30; 16.7%) in comparison with patients with
lower MELD scores (16 of 172; 9.3%); however, this trend
did not reach the statistical significance (P � 0.371).

Acid-Base Balance After Hepatectomy and
Postoperative Outcome

The relationships of the 3 acid-base parameters modi-
fied by hepatectomy, namely pH, bicarbonate levels, and BE,
with the development of irreversible liver failure were inves-
tigated by the means of ROC curve analysis. Postresection
bicarbonate levels showed the highest accuracy in predicting
postoperative liver failure with an AUC of 0.897 (95% CI �
0.847–0.935); BE and pH showed the lowest accuracy with
an AUC of 0.790 (95% CI � 0.727–0.844) and 0.778 (95%
CI � 0.715–0.834), respectively.

TABLE 3. Preresection Acid–Base Parameters in Arterial Blood in Relationship With Child-Pugh Class and
MELD Score

Variables No. Pts (%) pH
pO2

(mm Hg)
pCO2

(mm Hg)
HCO3

�

(mmol/L)
BE

(mmol/L)

All patients 202 (100%) 7.43 � 0.05 235.6 � 60.7 35.4 � 4.5 24.3 � 1.7 �0.5 � 1.9

CTP class

A 190 (94.1%) 7.43 � 0.05 236.7 � 61.1 35.5 � 4.5 24.4 � 1.7 �0.5 � 1.9

B 12 (5.9%) 7.43 � 0.03 218.3 � 51.9 34.8 � 3.9 23.7 � 1.3 �0.9 � 1.7

P value 0.869 0.308 0.608 0.159 0.505

Preop. MELD score

�11 172 (85.1%) 7.43 � 0.05 236.3 � 59.1 35.5 � 4.4 24.6 � 1.7 �0.4 � 1.9

�11 30 (14.9%) 7.43 � 0.04 231.5 � 69.6 35.4 � 4.9 23.5 � 1.5 �1.1 � 1.8

P value 0.573 0.691 0.573 0.043 0.024

CTP indicates Child-Turcotte-Pugh; MELD, model for end-stage liver disease; pO2, partial pressure of oxygen; pCO2, partial pressure of carbon dioxide;
HCO3

�, bicarbonate; BE, base excess.

TABLE 4. Postresection Acid-Base Parameters in Arterial Blood in Relationship With Intraoperative Variables
and Preoperative MELD Score

Variables No. Pts (%) pH
pO2

(mm Hg)
pCO2

(mm Hg)
HCO3

�

(mmol/L)
BE

(mmol/L)

All patients 202 (100%) 7.39 � 0.05 241.1 � 65.1 36.2 � 5.4 22.5 � 1.9 �2.5 � 2.3

Extension of hepatectomy

Minor 193 (95.5%) 7.39 � 0.05 240.5 � 65.0 35.5 � 4.5 22.6 � 2.0 �2.4 � 2.3

Major 9 (4.5%) 7.36 � 0.05 252.4 � 70.6 43.4 � 13.3 21.6 � 1.6 �3.4 � 1.7

P value 0.067 0.595 0.125 0.188 0.257

RBC transfusion

No 155 (76.7%) 7.40 � 0.04 236.2 � 60.8 35.7 � 4.3 22.8 � 1.6 �2.1 � 1.8

Yes 47 (23.3%) 7.37 � 0.06 257.1 � 76.2 37.6 � 7.8 21.4 � 2.6 �3.8 � 3.1

P value 0.008 0.098 0.108 0.001 0.001

Pringle maneuver

No 151 (74.8%) 7.39 � 0.05 237.3 � 68.9 36.7 � 5.7 22.6 � 2.0 �2.5 � 2.4

Yes 51 (25.2%) 7.40 � 0.05 252.2 � 51.3 35.6 � 4.1 22.4 � 2.0 �2.6 � 2.0

P value 0.135 0.160 0.123 0.571 0.634

Preop. MELD score

�11 172 (85.1%) 7.40 � 0.05 240.7 � 56.1 35.8 � 4.7 22.8 � 1.8 �2.3 � 2.1

�11 30 (14.9%) 7.37 � 0.06 242.8 � 84.1 37.0 � 8.4 21.0 � 2.2 �4.0 � 2.9

P value 0.002 0.917 0.158 0.001 0.001

RBC indicates red blood cell; pO2, partial pressure of oxygen; PCO2, partial pressure of carbon dioxide; HCO3
�, bicarbonate; BE, base excess.
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Figure 1 reports sensitivity, specificity, positive and neg-
ative predictive values (PPV and NPV), and positive and nega-
tive likelihood ratio (PLR and NLR) of bicarbonate levels in
predicting postoperative liver failure. For bicarbonate levels
higher than 22.1 mmol/L the sensitivity and the NPV were both
100%, with a NLR of 0 indicating a high predictive power in
identifying patients who will experience an uneventful postop-
erative course; in other words, all patients who did not experi-
ence a decrease of bicarbonate below this threshold did not
experience postoperative liver failure. Under this threshold, the
probability to develop the event starts to increase, reaching a
maximum when bicarbonate levels falls below 19.4 mmol/L
with a specificity of 96.8%, a PPV of 50.0%, and a PLR of
12.47, indicating a high predictive power in identifying patients
who will experience irreversible liver failure.

On the basis of these 2 cut-offs obtained with ROC
analysis, the study population was divided into 3 groups:
patients with bicarbonate levels below 19.4 mmol/L (12

cases; 5.9%), patients with bicarbonate levels between 19.4
and 22.1 mmol/L (72 cases; 35.6%), and patients with bicar-
bonate levels above 22.1 mmol/L (118 cases; 58.4%).

Table 5 reports the occurrence of postoperative liver
failure, complications, and length of in-hospital stay in rela-
tionship to the levels of postresection bicarbonate. The prev-
alence of postoperative liver failure and of complications
increase with the decrease of postresection bicarbonate levels
(P � 0.001 in all cases); in particular, patients with bicar-
bonate levels above 22.1 mmol/L did not experience postop-
erative liver failure whereas the prevalence was very high in
patients with postresection bicarbonate lower than 19.4
mmol/L (50%). A longer in-hospital stay was also related
with lower postresection bicarbonate levels (P � 0.001).

DISCUSSION
Patients with cirrhosis present several clinical and bio-

chemical abnormalities that can potentially perturb acid-base
balance: hypocapnic and hypoalbuminemic alkalosis are de-
scribed in these patients12–15; however, the metabolic defects
of cirrhosis could facilitate the development of metabolic
acidosis in the course of complication such as sepsis, shock,
or bleeding.16 Surgical resection is the treatment of choice for
HCC on cirrhosis in selected patients, offering the chance for
cure and providing long-term survival2–6; in this setting,
acid-base disorders could be caused not only by the under-
lying liver disease but also by the surgical injury and the
intraoperative bleeding.

The present study demonstrated that acid-base balance
reflects the severity of the underlying liver disease and that a
significant reduction in pH, bicarbonate levels, and BE should
be expected during surgery, worsened by intraoperative blood
loss. The most relevant result of this study is the relationship
observed between postresection acid-base parameters and the
postoperative course: postresection levels of bicarbonate
lower than 19.4 mmol/L led to a very high incidence of liver
failure (50%) and postoperative complications (66.7%), re-
sulting in a significantly longer in-hospital stay. On the
contrary, postresection levels of bicarbonate above 22.1 led to
an uneventful postoperative course with no liver failure,
lower morbidity (17.8%), and shorter in-hospital stay. At
present, and to the best of our knowledge, this is the very first

FIGURE 1. Difference in sensitivity, specificity, positive and
negative likelihood ratio (PLR and NLR, respectively), positive
and negative predictive values (PPV and NPV, respectively),
and accuracy of different bicarbonate levels in predicting
irreversible postoperative liver failure after hepatectomy in
cirrhotic patients.

TABLE 5. Difference in Prevalence of Postoperative Liver Failure, Complications, and In-Hospital
Stay Between Patients Who Experienced Lower Bicarbonate Levels (HCO3

�) After Resection and
Patients Who Did Not

Clinical Outcome

HCO3
� Levels (mmol/L)

P Value>22.1 (n � 118) 22.1–19.4 (n � 72) <19.4 (n � 12)

Postop. liver failure 0.0% (0) 12.5% (9) 50.0% (6) �0.001

Postop. complications 17.8% (21) 44.4% (32) 66.7% (8) �0.001

Refractory ascites 15.3% (18) 41.7% (30) 58.3% (7) �0.001

Bilirubin above 3 mg/dL 5.9% (7) 29.2% (21) 58.3% (7) �0.001

Alteration of coagulation factors 8.5% (10) 31.9% (23) 66.7% (8) �0.001

Renal impairment 0.8% (1) 13.9% (10) 33.3% (4) �0.001

In-hospital stay (d) 9.4 � 4.4 16.9 � 9.0 39.9 � 36.1 �0.001

Numbers of cases are reported in parentheses.
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report that analyzes the acid-base modification during hepa-
tectomy of cirrhotic patients and its relationship with post-
operative course.

An accurate analysis of data showed that both prere-
section and postresection parameters were modified by the
severity of the underlying liver disease. In fact, patients with
a preoperative MELD score �11 had lower preresection
bicarbonate levels and BE in comparison with patients with a
lower MELD score, conversely, Child-Pugh class did not
correlate. These findings are well in keeping with a recent
study by Funk et al who reported a trend toward a reduction
of both parameters within the 3 Child-Pugh classes but no
significant differences between Child-Pugh class A and B
patients12; since our study population was represented by
only class A and B patients, no difference was observed but
the small proportion of class B patients (5.9%) may have also
biased the result. The different relationship of MELD and
Child-Pugh score with preresection acid-base parameters
should be explained by the fact that the MELD score can
more accurately measure hepatic functional reserve in pa-
tients undergoing surgery,10,11,22,23 and thus can more accu-
rately partition acid-base parameters into different subgroups.

Patients with a higher MELD score not only had lower
preresection bicarbonate and BE but also showed lower
postresection levels of both parameters and pH in comparison
with patients with a lower MELD score: one could argue that,
since these patients started with lower preresection bicarbon-
ate and BE levels, it was more likely that the postresection
levels would be lower; however, the differences observed
between preresection and postresection values of all these
parameters were much larger in patients with higher preop-
erative MELD scores, reflecting the fact that more severe
diseased livers suffer surgical injury to a greater extent. The
observation that postresection bicarbonate was related to both
preoperative MELD score and postoperative liver failure is
well in keeping with a previous report from our center in
which preoperative MELD score �11 was associated with an
increased risk of liver failure.10

During hepatectomy, the observed trend toward acido-
sis was worsened when blood transfusion was required.
Hemorrhage is a well-known factor that leads to metabolic
acidosis as a consequence of intracellular derangements in
oxygen and substrate utilization. Intraoperative blood loss
and transfusion was often associated with morbidity and
mortality in the largest series,24 and so it is not surprising that
postresection bicarbonate was related to both intraoperative
blood transfusion and postoperative course. Patients who
required intraoperative blood transfusion had also a higher
occurrence of hypotensive episodes that can worse the devel-
opment of metabolic acidosis; the occurrence of hypotension
was increased in patients with more advanced liver disease,
resulting in a further worsening of the acid-base balance. All
the above situations (advanced liver disease, blood transfu-
sion, and hypotension) are related to each other in a vicious
circle that led to the development of metabolic acidosis.

After hepatectomy, a transient impairment of liver
function is physiological and leads to the modification of
several biochemical variables, such as prolongation of PT and

increase of bilirubin levels: this impairment occurs between
postoperative day 1 and 3; there is then a significant trend to
return to normal values on postoperative day 5 and 7 both in
cirrhotic and noncirrhotic patients. The postoperative course
of these biochemical variables can help in identifying patients
at a higher risk of developing irreversible liver failure. In a
recent report by Balzan et al, patients with bilirubin serum
levels above 50 �mol/L and PT values lower than 50% at
postoperative day 5 (the so-called “50–50” criteria) were at
higher risk of liver failure and postoperative death.25 A limit
of the assessment of the 50–50 criteria is that one must wait
5 days until those patients at a higher risk of liver failure can
be identified, which is often too late to begin intensive
treatments. The present study demonstrated that postopera-
tive mortality and morbidity can be predictable by lower
postresection bicarbonate levels. The possibility of having a
very early index that can accurately predict the postoperative
course is of paramount importance for the immediate start of
intensive treatment to avoid comorbidities, such as infections
or renal impairment, that will almost certainly lead to patient
death.3 Alternatively, those patients eligible for liver trans-
plantation may enter a transplantation program.

In conclusion, acid-base parameters are strictly related to
hepatic functional reserve and complexity of surgical resection.
Postresection bicarbonate levels can be used as a very early
indicator to identify patients who will develop postoperative
morbidity and mortality, representing the trigger for beginning
intensive treatment; alternatively, patients eligible for liver trans-
plantation may enter a transplantation program.
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