Ascites-induced LeVeen Shunt Coagulopathy
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Ten of 11 patients undergoing peritoneovenous (LeVeen) shunt
placement for intractable ascites had disseminated intravas-
cular coagulation (DIC) following the shunt procedure. Intra-
operative ascitic fluid specimens revealed fibrin split products
(FSP) in high titer (1:100-1:1600) in all patients. Endotoxin
was found in 6 of 11 ascitic fluid samples but in no plasma
samples. Activated clotting factors, clot inhibitors, excess pro-
tein, and fibrinolytic activity were not found in ascitic fluid.
Clotting factor levels were much lower than in plasma. Bleed-
ing occurred after operation in two patients; this appeared to
be related to the severity of liver dysfunction as demonstrated
by elevations of bilirubin, serum glutamic oxalocetic trans-
aminase (SGOT), serum glutamic pyruvic transaminase
(SGPT), and preoperative DIC. It is concluded that the LeVeen
shunt coagulopathy is DIC, and may be related to exposure
of the systemic circulation to FSP-rich ascitic fluid that may
activate the coagulation mechanism. Bleeding complications
do not appear to be related to the severity of the post shunt
coagulopathy, but rather to the severity of liver dysfunction
and presence of preoperative DIC (probably caused by the liver
disease).

THE DEVELOPMENT of the peritoneovenous (LeVeen)
shunt in 1974,' which redirects ascitic fluid from
the peritoneal cavity to the superior vena cava via a one-
way valve, has provided relief of intractable ascites for
many patients, enhancing respiration, mobility, renal
function, muscle mass, and overall well-being.!> How-
ever, perhaps the most severe and least understood of
postoperative complications is the occurrence of a coag-
ulopathy. Because most patients undergoing the shunt
procedures have severe liver disease, there are com-
monly preoperative synthetic defects as well as dysfi-
brinogenemia and disseminated intravascular coagula-
tion (DIC). After operation, DIC has been described in
20% to 100% of patients.>-'” The cause presumably is
the constant infusion of ascitic fluid. Triggering of the
coagulation mechanism has been ascribed variously to
thromboplastin,>'”'® activated clotting factors,'"!° en-
dotoxin,”?° and/or a plasminogen activator.'*?! In ad-
dition, the rate and volume of the ascitic fluid infusion®’
also may determine the incidence of the coagulopathy.
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Other contributing factors include the severity of un-
derlying liver disease,>'? a low plasma antithrombin III
level®%!? that is typical of cirrhotics who bleed,?? and a
decreased capacity of the reticuloendothelial system to
clear activated clotting factors.®

This study was undertaken to ascertain the frequency
of DIC, to establish the relationship of DIC to postop-
erative hemorrhagic tendency, and to investigate the role
of ascitic fluid in the development of this coagulopathy.

Methods

Eleven male patients with intractable ascites under-
going LeVeen peritoneovenous shunt insertion between
December 1980 and April 1982 at the Presbyterian Uni-
versity Hospital and the Oakland Veterans Administra-
tion Hospital were referred for study. The underlying
disease process in ten of the patients was cirrhosis, spe-
cifically alcoholic in five patients and, in one patient
each, associated with regional enteritis, HBsAg(+) hep-
atitis, intravenous drug abuse, a-1-antitrypsin defi-
ciency, and unknown etiology. The eleventh patient had
malignant ascites secondary to colonic adenocarcinoma
with hepatic metastases.

After signed informed consent was granted, one pre-
operative and two postoperative blood samples were
drawn. The latter two samples were obtained at 24 or
48 hours after operation in all but one (whose sample
was taken at 72 hours) and again 24, 48, or 72 hours
later in all but one (whose sample was taken 144 hours
later).

Coagulation profiles were performed on both blood
and ascitic fluid samples as described previously.?*-%*
These included prothrombin time (PT), activated partial
thromboplastin time (APTT), recalcification time (clot
lysis, MCA lysis), thrombin time (TT), reptilase time
(RT), assays of coagulation factors I, II, V, VII, VIIL:C,
VIIIR:Ag, VIIIR:vW, IX, X, XI, XII, and Fletcher fac-
tor, ethanol gel, protamine gel, Wellcotest®, staphylo-
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TABLE 1. LeVeen Shunt Bleeding and Coagulopathy

DIC Status Bleeding
Early Postop.

Patient Age/Race Diagnosis Preop. Postop. Preop. Postop. Death*
(1) KW 60 B Alcoholic cirrhosist 0 0 + 0 0
(2) HM 68 W Alcoholic cirrhosis 0 + 0 0 0
(3) CK 69 W Alcoholic cirrhosis 0 + 0 0 0
4) MD 67 W Alcoholic cirrhosis 0 + 0 0 0
(5) SA 61 W Alcoholic cirrhosis 0 + 0 0 0
(6) HR 56 W Macronodular cirrhosis, unknown

etiology 0 + 0 0 0
(7) JB 66 W Macronodular cirrhosis, 2° regional

enteritis 0 + + 0 0
(8) WH 53 W Cirrhosis, 2° to HBsAg(+) hepatitis 0 + 0 0 0
9) WD 62 W Colonic adenocarcinoma with

hepatic metastases, malignant

ascites 0 + 0 0 0

(10) MU 46 B -Micromacronodular cirrhosis, 2° to
IV drug abuset + + 0 + +
(11) SH 27 W Cirrhosis, 2° to al-antitrypsin
deficiencyt + + + + +

* Within the first 24 hours after operation.

coccal clumping titer, euglobulin clot lysis, and the sia
test. Bleeding times were done on all patients, and plate-
let count and platelet aggregation tests (ADP, arachi-
donic acid, collagen, ristocetin, thrombin) were done on
platelet-rich plasma. Antithrombin III (AT-III) was per-
formed immunoelectrophoretically according to the
method of Laurell?® and kinetically by the Ortho® assay
system. Plasminogen and antiplasmin were measured
photometrically by the method of Friberger,”” and the
presence of endotoxin was determined by the limulus
assay of Rojas-Corona.?® Total protein in ascitic fluid
was assayed by the Biuret method.?”’

Liver function tests, specifically albumin, bilirubin,
serum glutamic oxalocetic transaminase (SGOT), serum
glutamic pyruvic transaminase (SGPT), alkaline phos-
phatase, gamma glutamyl transpeptidase (GGTP), and
lactate dehydrogenase (LDH), were performed at the

+ Biopsy proven.

two hospital laboratories. Results for the latter three tests
were expressed as a fraction of the upper limit of normal
(XUL) for comparison purposes.

Results

Ten of the 11 patients demonstrated laboratory evi-
dence of DIC after LeVeen shunt surgery (Tables 1 and
2). DIC was said to be present after operation if patients
demonstrated two of the following four criteria: fibrin
split products (FSP), fibrin monomer, greater than 15%
decrease in platelet count, and greater than 15% decrease
in fibrinogen level (Table 2).*

Mild preoperative bleeding was noted in three patients
(Table I): melena (KW), esophageal variceal bleeding

* A 15% decrease falls outside the range of error of the methods for
measuring platelet count and fibrinogen level.

TABLE 2. Diagnostic Data for DIC

Fibrin Split Products Fibrin Monomer Platelet Fibrinogen
(staph clumping titer) (ethanol gel)* (X10*/mm?) (mg/dl)
No. of DIC
Patient Preop. Postop. Preop. Postop. Preop. Postop. Preop. Postop. Criteria
(1) KW 0 0 0 0 160 143 295 270 0/4
(2) HM 0 0 0 3+ 99 60 230 110 3/4
(3) CK 0 1:32 0 1+ 189 117 165 85 4/4
(4) MD 0 0 2+ 0 250 140 625 295 2/4
(5) SA 0 1:128 0 0 289 213 165 50 3/4
(6) HR 0 1:4 0 0 144 66 165 130 3/4
(7 JB 0 1:64 0 4+ 293 181 255 230 3/4
(8) WH 1:16 1:64 0 1+ 322 175 325 270 4/4
9) WD 1:4 1:128 0 3+ 136 51 380 145 4/4
(10) MU 1:8 1:128 1+ 4+ 90 86 150 60 3/4
(11) SH 1:8 1:32 0 0 163 49 120 140 2/4

* Abnormal = 1 to 4+.
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TABLE 3. Coagulation Studies in LeVeen Shunt Patients (X + S.D.)*

Test Normal Preop Postop. No. | Postop. No. 2
Fibrinogen (mg/dl) 261 + 60 261 + 145 210 + 145 185 + 80 (8)
F II (U/ml) 0.97 £ 0.19 0.67 £ 0.30 0.62 + 0.24 0.64 + 0.22 (8)
F V (U/ml) 0.96 = 0.19 0.89 + 0.52 0.61 +0.26 0.69 + 0.22 (8)
F VII (U/ml) 0.99 + 0.21 0.67 + 0.30 0.47 £ 0.22 0.61 = 0.26 (8)
F X (U/ml) 1.02 = 0.24 0.84 + 0.20 0.66 + 0.10 0.78 = 0.17 (8)
F VIII:C (U/ml) 1.10 £ 0.29 293 £ 1.02 1.86 + 0.81 1.94 + 0.71 (8)
F VIIIR:Ag (U/ml) 1.00 £ 0.38 6.18 +£ 3.95 431 + 2.36 3.84 + 1.54 (8)
F VIIIR:vW (U/ml) 0.98 + 0.28 3.46 £ 2.17 (10) 2.87 +2.08 2.69 + 1.30 (8)
F IX (U/ml) 0.99 £ 0.15 1.06 £+ 0.49 1.00 + 0.42 0.96 £+ 0.40 (8)
F XI (U/ml) 0.95 £ 0.16 0.83 £ 0.51 0.86 + 0.40 0.84 + 0.50 (8)
F XII (U/ml) 0.96 + 0.26 1.15 £ 0.73 1.24 + 0.66 1.02 £+ 0.64 (8)
FF (U/ml) 1.07 £ 0.28 0.51 £ 0.37 0.57 £ 0.37 0.45 £ 0.22 (8)
APTT (sec) 30.0 £ 2.7 348 £9.0 37.0 £ 0.6 338+ 64 (8)
PT (sec) 10.7 £ 0.4 144 £ 54 153 £ 2.7 14.0 +£ 3.3 (8)
AT-III (kinetic) (U/ml) 0.90 = 0.09 0.73 £ 0.30 (10) 0.70 + 0.28 (10) 0.66 = 0.26 (8)
AT-III (immuno) (U/ml) 0.94 £ 0.11 0.70 = 0.40 0.67 + 0.35 0.62 + 0.24 (8)
Antiplasmin (U/ml) 0.90 = 0.09 (12) 0.34 £ 0.20 (9) 0.34 £ 0.22 (10) 0.45 £ 0.22(7)
Plasminogen (U/ml) 091 £0.09 (12) 0.69 + 0.22 (9) 0.90 £+ 0.26 (10) 0.77 £ 0.26 (7)
Thrombin time (sec) 14.8 + 18.0t 22.8 £ 10.6 30.6 + 23.8 21.2+£69 (8)
Reptilase time (sec) 13.0 £ 15.8¢ 22.8 + 10.0 9) 27.7 £ 16.7 (10) 21.7 £ 5.0 (6)
Platelet (X10°/mm*) 150 + 4501 194 + 81 126 + 65 138 £ 62 (8)

* Mean + standard deviation. Unless specified by a number in pa-
rentheses, the means were based on 11 patients or 104 normals.

(JB), and guaiac-positive stools and nasogastric drainage
(SH). Only one of these three patients (SH), however,
had preoperative DIC. Postoperative bleeding occurred
in the only two patients with preoperative DIC. Their
DIC appeared to worsen with surgery and was asso-
ciated, in one patient, with low-grade fibrinolysis. Both
patients died within the first 24 hours after operation.
Coagulation studies revealed, in addition to the DIC,
a postoperative decrease in F V, F VIII.C, F VIIIR:Ag,
and F VIIIR:vW (Table 3). F VIIIR:Ag was 2 times
greater than F VIII:C and F VIIIR:vW in plasma (as
well as ascitic fluid samples) both before and after op-
eration. The levels of plasminogen and antiplasmin were
not elevated, and euglobulin lysis times were normal in

TABLE 4. Ascitic Fluid Findings

Recalcifi-

Fibrin Split cation Total

Products* (staph  Presence of Timet Protein

Patient clumping titer) Endotoxin  (seconds) (mg/dl)
(1) KW 1:400 0 170 3.2
(2) HM 1:200 0 170 20
3) CK 1:100 + 170 0.4
(4) MD 1:1600 + 195 35
(5) SA 1:100 0 200 35
(6) HR 1:100 + 180 2.6
(7) JB 1:400 0 176 1.2
(8) WH 1:100 + 165 0.9
9) WD 1:400 + 170 0.6
(10) MU 1:100 + 176 1.0
(11) SH 1:100 0 175 0.5

* Normal titer in fast serum <1:4.
+ 0.1 ml normal plasma + 0.1 ml ascitic fluid or saline + 0.1 ml
0.02' M CaCl, (saline = 120-130 sec).

+ Normal range.

all but patient SH, whose preoperative lysis time of 1Y2
hours actually improved to 3% hours after operation.
Ascitic fluid samples, obtained just prior to shunt in-
sertion, revealed FSP in high titer (1:100 to 1:1600) by
staphylococcal clumping assay in all patients (Table 4).
There was no correlation between the presence or titer
of FSP in ascitic fluid (Table 5) and that of the systemic

TABLE 5. Coagulation Studies in Ascitic Fluid of LeVeen
Shunt Patients (x + S.D.)*

Test Ascitic Fluid
Fibrinogen (mg/dl) 0 = 0t
F II (U/ml) 0.15 £ 0.10
F V (U/ml) 0.05 = 0.00
F VII (U/ml) 0.10 £ 0.00
F X (U/ml) 0.04 + 0.00
F VIILI.C (U/ml) 0.15 +£0.22
F VIIIR:Ag (U/ml) 0.37 £ 0.35
F VIIIR:vW (U/ml) 0.16 £ 0.10
F IX (U/ml) 0.13 £ 0.14
F XI (U/ml) 0.46 + 0.36
F XII (U/ml) 0.49 + 0.24
FF (U/ml) 0.18 £ 0.10 (10)
APTT (sec) >150
PT (sec) >150
Thrombin time (sec) >120
Reptilase time (sec) >120 (10)
AT-III (kinetic) (U/ml) 0.20 £ 0.10 (10)
AT-III (immunologic) (U/ml) 0.20 +£ 0.14

Antiplasmin (U/ml)
Plasminogen (U/ml)

0.05 + 0.00 (10)
0.29 + 0.24 (10)

* Mean = standard deviation. Unless specified by a number in pa-
rentheses, the mean was based on 11 patients. Normal values are found
in Table 3.

+ Two of 11 patients had minimal fibrinogen present when assayed
for evidence of clot formation with thrombin.
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TABLE 6. Liver Function Tests in LeVeen
Shunt Patients (x + S.D.)*

Postoperative Postoperative

Bleeder Nonbleeder
Liver Test (Nos. 10, 11) (Nos. 1-9)

Albumin (mg/dl) 23+0.5 3207
Total protein (mg/dl) 5.5+ 1.3 6.8 + 0.8 (8)
SGOT (XUL) 7009 1.6 £ 0.8 (8)
SGPT (XUL) 3705 0.9 + 0.4 (8)
Alk. phos. (XUL) 09+0.8 2119
Total bili. (mg/dl) 7.2 +0.8 1.6 £ 1.6
Indirect bili. (mg/dl) 44 +23 0.8 £ 1.1
GGTP (XUL) 19+1.0 37+144)
LDH (XUL) 1.8 £0.5 2.6 + 2.7 (6)

* Mean + standard deviation. Unless specified by a number in pa-
rentheses, the mean was based on two patients in the “Bleeder” column
and on nine in the “Nonbleeder” column.

circulation (postoperative plasma samples) (Table 2).
Endotoxin was found in six of the 11 ascitic fluid spec-
imens but was present in none of the seven preoperative
and six postoperative plasma samples available for test-
ing. No activated clotting factors, determined by the re-
calcification time, nor clot inhibitors, evaluated in an
APTT test system using a 1:1 mix with normal plasma,
were detected in the ascitic fluid. Levels of clotting fac-
tors in ascitic fluid were much lower than those of
plasma (Table 5), although F VIIIR:Ag, F X1, and F XII
were just below the normal (plasma) range. Total protein
levels were not elevated markedly.

Liver dysfunction (Table 6) was more severe in the
two patients with postoperative bleeding and subsequent
death than in the nine patients with no postoperative
bleeding.

Discussion

Although the existence of a postoperative coagulop-
athy in patients undergoing LeVeen peritoneovenous
shunt insertion has been described previously,>!” the
etiology has remained obscure, and the relationship to
bleeding has been unclear.

DIC occurred in ten of the 11 patients after LeVeen
shunt surgery in this study; eight of the nine patients
with normal baseline preoperative coagulation profiles
developed DIC within 72 hours after operation, and the
two patients with preoperative DIC showed worsening
of their consumptive coagulopathy.

Intraoperative ascitic fluid samples revealed high-titer
(1:100 to 1:1600) FSP. These ascitic fluid FSP were
markedly higher than the plasma (systemic circulation)
FSP, and there was no correlation between the ascitic
fluid FSP and plasma FSP levels. This lack of correlation
might suggest that systemic FSP are not acquired pas-
sively from the ascitic fluid, and that the practice of
replacing discarded ascitic fluid with saline during op-
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eration, prior to opening the shunt, may not prevent the
postoperative coagulopathy. While this remains un-
proven, a patient not in this study, who recently un-
derwent saline replacement at surgery, developed post-
operative DIC.

The origin of FSP in the ascitic fluid of LeVeen shunt
patients is not known; the very low or absent levels of
fibrinogen in ascitic fluid suggests that the FSP may rep-
resent rapid lysis of fibrinogen in the fluid. Alternatively,
FSP could have been absorbed from a necrotic or bleed-
ing site; however, measurable circulating FSP were
found in only one of the three patients with documented
preoperative bleeding.

In the absence of clot inhibitors or accelerators, fi-
brinolysis, or excess protein content in any ascitic fluid
sample, it would appear that the post LeVeen shunt
coagulopathy, DIC, results from infusion of FSP-rich
ascitic fluid into the systemic circulation. While endo-
toxin, present in six of 11 ascitic fluid samples, may play
a role, as suggested by Harmon et al.,’ it certainly is not
important in all of the patients. Lack of endotoxin in
the plasma of any tested patient argues against its im-
portance in the development of DIC.

There may be no relationship between the presence
of postoperative DIC and bleeding. Only two patients
developed postoperative bleeding, and both had more
severe liver disease than the nine nonbleeders, as deter-
mined by bilirubin, SGOT, and SGPT. They also were
the only two with preoperative DIC and, thus, thera-
peutic intervention, as previously proposed with hepa-
rin,%%'¢ e-aminocaproic acid (EACA),'° and anti-throm-
bin III* may be unnecessary or even dangerous.

The occurrence of preoperative DIC in the only two
patients with postoperative bleeding and early postop-
erative deaths would support the need for cancellation
of shunt surgery until preoperative DIC resolves, as sug-
gested previously,'® and/or until liver function im-
proves, as recommended by others.'?
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