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Twenty cirrhotic patients with bleeding from esophageal var-
ices were studied before, during, and after portacaval shunt.
There were 12 survivors and eight nonsurvivors. Preoperative
determination of hepatic function and classification by Child’s
criteria correctly predicted outcome only in those with very
good and those with very poor hepatic function. However, the
majority of patients had intermediate liver function, and their
operative survival could not be predicted on this basis. Other
parameters, however, did distinguish between survivors and
nonsurvivors. Survivors had better preoperative cardiac con-
tractility, shorter operations, less severe preoperative and in-
traoperative blood loss, and fewer emergency operations. In-
traoperatively, survivors maintained cardiac index and oxygen
delivery while nonsurvivors did not. After operation, survivors
had increased cardiac index, oxygen delivery, and oxygen con-
sumption above preoperative values, while nonsurvivors failed
to attain this.

Analysis of these data suggests that determination of pre-
operative hepatic function alone will not provide accurate pre-
diction of outcome from portacaval shunt, because there are
multiple factors that determine outcome. The determinants
identified in this study were 1) preoperative hepatic function,
2) degree of hemodynamic compensation from preoperative
bleeding and shock, 3) magnitude of the intraoperative oxygen
deficits, 4) hemodynamic reserve allowing for the compensa-
tory postoperative state, and 5) nutritional status.

HE PORTACAVAL SHUNT operation imposes a major
T physiologic stress upon the cirrhotic patient that
frequently results in significant morbidity and mortality.
Therefore, there has been considerable interest in iden-
tifying those factors that are important determinants of
survival. The penultimate goal is to select for surgery
those patients who are most likely to survive, but with-
out excluding the majority of patients who would benefit
from the operation.

Most studies on risk factors for portacaval shunt have
identified preoperative hepatic function as the most im-
portant determinant of survival. Linton' first empha-
sized the importance of preoperative liver function.
Child and Turcotte? subsequently identified a number
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of clinical factors that they felt reflected hepatic func-
tional reserve, and they used these to stratify patients
into risk groups. Child’s classification of hepatic reserve
has remained the standard for determining the risk of
portacaval shunting, although there is some controversy
whether certain measures of hepatic function may be
better indicators than others.’

Nevertheless, success in identifying patients who will
recover from the operation based on Child’s classifica-
tion has been disappointing.* Although patients with
very good preoperative hepatic function are likely to
survive and patients with very bad preoperative hepatic
function are likely to die, most patients fall somewhere
in between the extremes of hepatic function; these pa-
tients have an intermediate operative mortality of 40 to
60%.>% Thus, except in the extremes, consideration of
preoperative hepatic function has not been a good pre-
dictor of survival.

That a static profile of preoperative hepatic function
does not accurately predict survival should not be sur-
prising. Also relevant to survival must be the dynamic
aspects of intraoperative hepatic damage and postop-
erative repair. Furthermore, liver function both affects
and is dependent upon the patient’s overall physiologic
milieu. Consideration of preoperative hepatic function
alone should not then be expected to determine accu-
rately the eventual surgical outcome.

Del Guercio and his group’ first studied the systemic
hemodynamic responses of patients undergoing porta-
caval shunts. They demonstrated increased cardiac out-
put after operation, and related this to outcome. Work
from this laboratory on other general surgical operations
has examined the physiologic responses to operations
in general.® The results of these studies suggest that
metabolic debts often accumulate intraoperatively be-
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cause of inadequate tissue oxygenation. The postoper-
ative period in surviving patients is characterized by in-
creased cardiac output and oxygen consumption; it is
felt that these increases may represent physiologic com-
pensation necessary to recover from intraoperative cel-
lular and organ damage resulting from inadequate in-
traoperative cellular oxygenation. If these physiologic
patterns pertain to cirrhotics undergoing surgery, then
there may be parameters that can be identified, besides
hepatic function, which are relevant to survival from
portacaval shunt.

The present study describes clinical, hemodynamic,
and oxygen transport variables in a series of cirrhotic
patients undergoing portacaval shunt. Data are analyzed
to determine the relative importance and the interre-
lationships of hepatic reserve and systemic hemody-
namic responses to survival from portacaval shunt.

Methods

Clinical Series

Twenty consecutive portacaval shunt operations per-
formed at Harbor/UCLA Medical Center between 1977
and 1980 were studied. All patients had bleeding from
esophageal varices caused by alcoholic cirrhosis. All of
the patients were admitted to the hospital on an emer-
gent basis with upper gastrointestinal bleeding. Histories
and physical examinations indicated the presence of
alcoholic cirrhosis, and liver biopsy confirmed this in
selected cases. Acute alcoholic hepatitis was ruled out
by serum transaminase determination and liver biopsy;
no patient in this series had acute alcoholic hepatitis.
Each patient had upper fiberoptic endoscopy performed
during active bleeding, and each patient in this series
had bleeding esophageal varices confirmed at endos-
copy.

Patients presenting with variceal hemorrhage were
admitted to the medical service, and aggressive medical
therapy was initiated. This consisted of blood volume
replacement, continuous intravenous pitressin infusion,
and balloon tamponade with either a Linton or a Sengs-
taken-Blakemore tube. Surgical consultation was ob-
tained at the discretion of the medical physicians; only
a small percentage of patients presenting to this hospital
with variceal bleeding had portacaval shunts.

Ten patients were operated upon as an emergency
procedure because they continued to bleed despite max-
imum medical management; their mean age was 52.1
+ 3.0 (SE) years. These patients had multiple blood
transfusions and usually had periods of hypotension
prior to operation. Eight of the ten patients died after
operation.
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Ten patients responded to medical management, and
bleeding stopped, but they were referred for surgery;
their mean age was 44.8 + 2.6 years. The indications in
these cases were either that the patients had multiple
previous bleeding episodes, or that the current bleeding
episode required a large number of transfusions and was
life-threatening. Following control of bleeding, these
patients underwent a period of hospitalization to opti-
mize nutrition, following which portacaval shunt was
performed. Each of these ten patients survived and was
discharged from the hospital.

Operative Management

All patients had general endotracheal anesthesia. The
primary anesthetic agent was ethane in 13 cases, intra-
venous ketamine in four cases, and intravenous nar-
cotics in three cases. The anesthesiologist had access to
all measurements taken, and intraoperative therapy was
titrated to optimize filling pressures and cardiac output.

The portacaval shunt was performed as an end-to-side
anastomosis in 18 cases. There was one side-to-side anas-
tomosis, and one H-graft. Portal pressure measurements
were made with a water manometer through an omental
vein or directly through the portal vein prior to and after
construction of the shunt; simultaneous inferior vena
cava pressure was also obtained in the same manner.

Following operation the patients were transferred di-
rectly to the surgical intensive care unit. Endotracheal
intubation and mechanical ventilation was maintained
after operation until adequate respiratory function was
ensured. Intravenous fluids were titrated in an attempt
to optimize blood pressure, urine output, and filling
pressures (i.e., normal blood pressure, urine output
greater than 30 ml/hour, CVP and wedge pressure 10
to 15 mmHg).

Physiologic Measurements

In the immediate preoperative period, patients were
classified as per Child and Turcotte? to estimate hepatic
functional reserve. Clinical evaluation for the presence
of ascites and encephalopathy was performed, the nu-
tritional state was assessed, and bilirubin and albumin
levels were drawn.

Intravenous catheters were placed and control he-
modynamic measurements were made before operation
in the intensive care unit. Arterial catheters were inserted
in the radial arteries, and Swan-Ganz triple lumen
flow-directed catheters were placed into the pulmonary
arteries through the subclavian or jugular vein percu-
taneously. Cardiac ouput was measured by thermodi-
lution using a cardiac output computor. Each set of
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TABLE 1. Preoperative and Intraoperative Clinical Features

Survivors Nonsurvivors P-Value

Days between bleeding and

operation 25 + 2.9* 35+ 1.7 0.005
Preoperative blood

transfusions (# units) 40+ 0.5 122 £2.2 0.005
Duration of operation (hours) 5.31 £ 0.47 6.01 £ 0.56 —
Intraoperative blood loss

(milliliters) 1850 + 470 3730 + 640 —_

* Values are mean + standard error of the mean.

measurements consisted of systemic and pulmonary ar-
terial pressures, central venous and pulmonary arterial
wedge pressures, cardiac output, arterial and mixed ve-
nous blood gases, hematocrit, hemoglobin, and oxygen
saturation. These data sets were obtained at frequent
intervals during the preoperative and intraoperative pe-
riods, and then repeated after operation when the patient
returned to the intensive care unit and on the first post-
operative day. Systemic vascular resistance, oxygen de-
livery (arterial oxygen content X cardiac index), oxygen
extraction ration, and oxygen consumption were cal-
culated using previously described standard formulas.
All flow-related variables were indexed to preoperative
body surface area.

After operation, the patients’ clinical courses were
documented, including days on the ventilator, sequen-
tial serum bilirubin determinations, and the occurrence
and sequence of complications.

Statistical Analysis

The mean values for each variable were obtained for
each patient in the preoperative, intraoperative, and
postoperative periods. The mean and standard error of
the mean for surviving and nonsurviving patients were
calculated from the mean values of individual patients.
Statistical significance of the values at each of the time
periods was compared with their own preoperative con-
trol values within each group using the t-test for paired
distributions. Statistical significance of comparisons be-
tween survivors and nonsurvivors was determined by
the t-test for unpaired distributions.

Results
Preoperative Status

Preoperatively surviving patients had fewer blood
transfusions, and were less frequently in shock. In ad-
dition, survivors had longer delays between the onset of
variceal bleeding and the operation than did nonsurvi-
vors, most of whom had portacaval shunt performed
during the time of active variceal bleeding (Table 1).
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Table 2 lists the clinical indicators of preoperative
functional hepatic reserve. The nonsurvivors tended to
have worse indices; but none of the variables alone had
statistically different mean values for survivors and non-
survivors. Combining the individual variables into
Child’s classification improved their discrimination
somewhat; of the nonsurvivors, four patients were clas-
sified Child’s Class B while four patients were Child’s
Class C. Of the survivors, five patients were classified
Child’s A and seven patients Child’s B.

Preoperative hemodynamic measurements in both
survivors and nonsurvivors revealed that cardiac index
was greater than normal, and systemic vascular resis-
tance was below the normal range. Before operation the
survivors’ mean arterial pressure was higher; this was
associated with slightly higher cardiac index and sys-
temic vascular resistance (Fig. 1).

Preoperative wedge pressures of the two groups were
nearly equal. However, cardiac index was lower in non-
survivors despite lower afterload estimated by systemic
resistance. This is consistent with poorer preoperative
ventricular contractility in nonsurvivors.

Although mean preoperative oxygen delivery was
slightly lower in nonsurvivors, oxygen extraction was
slightly higher, so that oxygen consumption was similar
(Fig. 2).

Intraoperative Period

Nonsurvivors tended to have longer operations with
more blood loss than did survivors (Table 1).

Intraoperative portal pressure measurements are listed
in Table 3. Although portal pressures prior to portacaval
shunting were somewhat higher in surviving patients,
both systemic blood pressure and inferior vena caval
pressures were also higher in survivors at the time of
portal pressure measurement. Following the shunt, both
groups fell to similar portal pressures.

Intraoperative hemodynamic monitoring showed that
cardiac index was significantly lower in nonsurvivors

TABLE 2. Preoperative Indicators of Hepatic Reserve

Survivors Nonsurvivors

(N = 12) (N =28)
Bilirubin (mg/dl) 1.6 + 0.3* 39+ 1.8
Albumin (mg/dl) 3.1+£0.14 3.2+£0.21
Encephalopathy (Number (%)) 1(8%) 2(25%)
Ascites (Number (%)) 5(41%) 4(50%)
Prothrombin Time (seconds) 137+ 1.6 142 £ 2.1

Preoperative clinical indicators of hepatic functional reserve at the
time of portacaval shunt.

* Values are means =+ standard errors. None of the differences are
statistically significant.
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than survivors during operation; in fact, cardiac index
tended to increase intraoperatively in survivors and de-
crease in nonsurvivors as compared with preoperative
values. Mean wedge pressures were slightly lower intra-
operatively in nonsurvivors, suggesting that decreased
preload as well as decreased contractility may have con-
tributed to decreased cardiac index (Fig. 1).

Both survivors and nonsurvivors decreased oxygen
consumption during operation. These decreases in ox-
ygen consumption were to similar levels, despite signif-
icantly higher oxygen delivery in surviving patients.
Oxygen extraction decreased in both groups, but more
in survivors, to account for the decreased oxygen con-
sumption (Fig. 2).

Postoperative Period

After operation, survivors were hospitalized a mean
of 13 + 4 days. Six of the 12 patients had uncomplicated
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FIG. 1. Sequential determinations of hemodynamic variables of sur-
vivors and nonsurvivors are compared. Values are mean + SE of the
mean. Note the intraoperative and postoperative differences in cardiac
index values.
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FIG. 2. Sequential determinations of oxygen transport variables are
compared in survivors and nonsurvivors. Shown are mean + SE. Note
especially the postoperative increases of oxygen delivery and oxygen
consumption in surviving patients.

postoperative courses, while six patients had one or more
complications including ascites in four patients, en-
cephalopathy in three patients, pneumonia in two pa-
tients, and staphylococcal sepsis from an infected radial

TABLE 3. Intraoperative Portal Pressures

Survivors Nonsurvivors P-value

Preshunt portal pressure

(cm H,0) 45 + 1.5* 39 +25 0.05
Preshunt inferior vena cava

pressure (cm H,0) 18 +£3.2 14 + 3.8 —_
Postshunt portal pressure

(cm H,0) 21 £ 1.6 20 * 11 —
Postshunt inferior vena cava

pressure (cm H,0) 20 + 3.0 16 + 3.6 —_

Portal and inferior vena caval pressures taken before and after por-
tacaval shunts.
* Values are mean + SE.
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FIG. 3. The maximum postoperative cardiac index is plotted against
the preoperative cardiac index for each of the 20 patients. Note that
nearly all surviving patients increased cardiac index above preoperative
values while few nonsurvivors accomplished this.

artery catheter in one patient. Nine of the survivors were
extubated within 24 hours following operation, while
three patients were maintained on the ventilator three
to eight days. Bilirubin levels reached an average peak
of 4.2 + .8 mg/dl after operation, usually on the fourth
to eighth postoperative day, then progressively de-
creased; at discharge the mean bilirubin was 2.2 + .6
mg/dl, only slightly higher than preoperative levels.

Nonsurvivors died on the average of 12.4 + 2.7 days
following operation. There were an average of 4.0 = 0.4
complications per patient prior to death; respiratory fail-
ure, jaundice, ascites, and hepatic coma were the most
common. At death, the mean bilirubin was 26
+ 6 mg/dl

Hemodynamic data are illustrated in Figures 1 and
2. During the postoperative period, survivors increased
mean arterial pressure, while the mean arterial pressure
of nonsurvivors was significantly lower. Systemic vas-
cular resistance decreased after operation in both groups,
compared with preoperative values. The mean postop-
erative cardiac index increased over preoperative values
in survivors (Fig. 3). Thus, cardiac index was signifi-
cantly greater in survivors than in nonsurvivors, espe-
cially on the day following surgery.

Similarly, oxygen delivery increased markedly over
preoperative levels in survivors, and was much higher
than in nonsurvivors, who failed to increase oxygen de-
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livery above preoperative values. Oxygen extraction was
initially higher in nonsurvivors so that oxygen con-
sumption was maintained near preoperative levels.
However, by the day following operation, oxygen ex-
traction in nonsurvivors had decreased somewhat, and
oxygen consumption had fallen to below preoperative
levels. On the other hand, survivors increased their ox-
ygen consumption above preoperative values, and had
significantly higher oxygen consumption than did non-
survivors on the day following operation.

Discussion

Evaluation of preoperative hepatic function was not
helpful in predicting survival from portacaval shunt for
the majority of the patients in this study (Table 4). No
single measure of hepatic function discriminated sur-
vivors from nonsurvivors, and the combination of these
into Child’s Classification predicted only for those with
the extremes of hepatic function; that is, those with ex-
tremely good parameters survived, while those with ex-
tremely poor parameters did not. The majority of the
patients, who fell between these extremes, had a 64%
chance of survival; thus, this approach was not very
useful as a predictor for these patients. The data from
the current study help explain why evaluation of pre-
operative hepatic function should not be expected to
accurately predict survival. In addition to preoperative
hepatic reserve, there are other important physiologic
considerations that are essential for survival from the
portacaval shunt operation.

The intraoperative period is a time when severe stress
on body metabolism is sustained. This metabolic injury
is not only to the liver, but to other cells and organs in
the body as well. The metabolic stress is reflected by
decreased oxygen consumption intraoperatively. This
decreased oxygen consumption is, in part, caused by
decreased metabolic demands during anesthesia. How-
ever, the decreased oxygen consumption appears to be
more than just decreased demands, and to represent in-
adequate cellular oxygenation, leading to cellular and
organ damage.®® Surviving patients have a physiologic

TABLE 4. Child’s Classification: Relationship to Survival

Child’s
Classification Number of Patients % of Survival
A S 100
B 11 64
C 4 0

The relationship of stratification by Child’s Classification and sur-
vival. Note that the majority of patients were classified as Child’s B,
and that survival was not predicted accurately in these class B patients.
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compensatory state after operation: they stimulate car-
diac output to increase blood flow above preoperative
levels, thereby providing increased supply of oxygen and
nutritional substrates to damaged tissues, and thereby
allowing metabolic repair of hypoxic damage.

This physiologic pattern held true in this series. Organ
damage occurred in all patients, even survivors, whose
serum bilirubin invariably increased after operation.
However, in surviving patients there were increases in
cardiac index and oxygen consumption after operation,
representing a compensatory state, and subsequent im-
provements in hepatic function followed. Nonsurvivors
may have had more severe insults intraoperatively, since
they had longer operations with more blood loss. Thus,
their cumulative intraoperative oxidative deficits may
have been greater. In addition, nonsurvivors failed to
increase cardiac index and oxygen consumption after
operation. Unlike survivors who had improvement in
hepatic function, nonsurvivors failed to recover from
the surgical metabolic insult and had progressive hepatic
failure. Furthermore, it was not only the liver that was
so affected; each of these patients had sequential failure
of other vital organs as well.

There were several reasons why nonsurvivors may
have failed to increase cardiac index and oxygen con-
sumption. The first is that nonsurvivors before operation
had poorer cardiac reserve than did survivors. Cardiac
reserve in the cirrhotic patient undergoing operation has
special importance, because even before operation these
patients have increased cardiac index, and a subsequent
postoperative increase in cardiac index above preoper-
ative levels requires supernormal cardiac reserve capac-
ity. There are several possible explanations for decreased
cardiac reserve in the nonsurvivors. First, the mean age
of nonsurvivors was higher, and thus their intrinsic car-
diac function may have been limited. Secondly, most
of the nonsurvivors had just been subjected to upper
gastrointestinal bleeding and shock prior to operation;
under these circumstances ventricular function may
have been severely compromised.'®

Besides failing to adequately increase cardiac index,
there are additional reasons why nonsurvivors were un-
able to increase oxygen consumption; these relate to
peripheral oxygen transport. Since the stress of operation
may have been superimposed upon the stress of the pre-
operative variceal bleeding, there may have been re-
sulting microcirculatory flow maldistribution limiting
cellular oxygenation.!! Further, the combined insults of
shock and surgery may have caused additional severe
cellular damage, so that the requirements for repair were
even greater, while the ability of the cells to utilize ox-
ygen were even less. Finally, the multiple preoperative
blood transfusions may have altered the Ps, of hemo-
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globin dissociation, so that circulating oxygen was less
available to the tissues.

Thus, the identifiable physiologic determinants of sur-
vival from the portacaval shunt operation are as follows.

1. Preoperative hepatic reserve. The liver suffers an
insult during portacaval shunting, not only from loss of
portal venous blood flow, but also from decreases in
arterial flow during operation, and from a poorly un-
derstood generalized metabolic insult from surgery and
anesthesia. The reserve capacity of the liver is clearly
important for recovery from these intraoperative insults.

2. Compensation from preoperative bleeding and
shock. Metabolic damage results from preoperative var-
iceal bleeding and shock; the metabolic stress of oper-
ation itself constitutes a second major insult which re-
quires additional major physiologic compensations. A
combination of preoperative and intraoperative insults
may cause cellular and organ damage that is too great
for repair, or for which the potential for the necessary
physiologic compensation is not adequate. Therefore,
a therapeutic delay between the bleeding and the op-
eration to allow metabolic recovery is of benefit.

3. Degree of oxygen deficit intraoperatively. A brief
operation with limited blood loss represents a shorter
period of metabolic stress, and will require less com-
pensation for recovery. The anesthetic management also
plays an important role, but the choice of anesthetic
agents and techniques that minimize metabolic stress
remains unclear. Certainly aggressive physiologic mon-
itoring to optimize intraoperative blood flow and oxygen
consumption seems warranted.

4. Hemodynamic reserve. The ability of the patient
to compensate from the stress of the portacaval shunt
operation requires considerable cardiopulmonary re-
serve in order to increase cardiac index and oxygen de-
livery to supernormal levels. Furthermore, the periph-
eral oxygen transport system including the arterial ox-
ygen content, the oxyhemoglobin dissociation
characteristics, the microvascular flow, the interstitial
diffusion gradients, and the intracellular metabolic ma-
chinery, all must be in a state allowing increased met-
abolic activity to repair incurred damages in multiple
organ systems.

5. Nutritional state. Although not directly addressed
by this study, it is clear from other studies that the pre-
operative nutritional state of these patients may affect
survival.'? Patients who are malnourished before oper-
ation or who become so after operation may lack sub-
strate and energy necessary for metabolic repair and will,
therefore, experience multiple organ failure.

In summary, survival from the portacaval shunt op-
eration is a complex process. Although preoperative
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evaluation of hepatic function is extremely important,
it cannot be expected to predict survival accurately be-
cause other physiologic variables are also important.
Evaluation of these other variables may improve the
ability to predict survival and, thus, to select patients for
operation more appropriately. Furthermore, a fuller un-
derstanding of the physiologic interactions occurring
during and after portacaval shunt should help direct
therapy to improve preoperative management, to min-
imize intraoperative damage, and to optimally support
postoperative compensations.

References

1. Linton RR. The selection of patients for portacaval shunts. Ann
Surg 1951; 134:433-438.

2. Child CG, Turcotte JG. Surgery and portal hypertension. In: Child
CG, ed. The Liver and Portal Hypertension. Chapter 1. Phil-
adelphia: WB Saunders, 1964.

3. Simert G, Persson T, Vang J. Factors predicting survival after
portacaval shunt. Ann Surg 1978; 187:174-178.

4. Orloff MJ, Charters AC, Chandler JG, et al. Portacaval shunt as
emergency procedure in unselected patients with alcoholic cir-
rhosis. Surg Gynecol Obstet 1975; 141:59-68.

5.

Ann. Surg. * January 1983

Smith GW, Maddreg WC, Zuidema GD. Portal hypertension as
we see it. In: Child CG, ed. Portal Hypertension. Philadelphia:
WB Saunders, 1974.

. Sarfeh 1J, Carter JA, Welch HF. Analysis of operative mortality

after portal decompression procedures in cirrhotic patients. Am
J Surg 1980; 140:306-311.

. Del Gueréio LRM, Commaraswamy RP, Feins NR, et al. Pul-

monary arteriovenous admixture and the hyperdynamic car-
diovascular state in surgery for portal hypertension. Surgery
1964; 56:57-65.

. Waxman K, Lazrove S, Shoemaker WC. Physiologic response to

operation in high-risk surgical patients. Surg Gynecol Obstet
1981; 152:633-638.

. Waxman K, Nolan L, Shoemaker WC. Sequential perioperative

lactate determinations: physiologic and clinical implications.
Crit Care Med 1982; 10:96-99.

. Shoemaker WC, Brown RS, Mohr PA, et al. The cardiovascular

system. In: Schymer WA, Nyhus LM, eds. Corticosteroids in
the Treatment of Shock. Chicago: University of Illinois Press,
1971.

. Slater G, Vladeck C, Bassin R, et al. Sequential changes in dis-

tribution of cardiac output in hemorrhagic shock. Surgery
1973; 75:714-720.

. Orloff MJ, Duguay CR, Kosta LD. Criteria for selection of patients

for emergency portacaval shunt. Am J Surg 1977; 134:146-
152.



