THE JOURNAL OF EXTRA-CORPOREAL TECHNOLOGY

.
Case Report

Systemic Inflammatory Response Syndrome (SIRS) Following
Emergency Cardiopulmonary Bypass: A Case Report and
Literature Review

Joseph J. Sistino, MPA, CCP; Jeffrey R. Acsell, BS, CCP

Program in Extracorporeal Circulation Technology, Medical University of South Carolina, Charleston, South
Carolina

Keywords: cardiopulmonary bypass, septic shock, multiple organ failure, systemic inflammatory response
syndrome, cardiopulmonary resuscitation

Presented at the American Society of Extra-Corporeal Technology 36th International Conference, March
12-15, 1998, Philadelphia, Pennsylvannia

ABSTRACT

A complication of emergency resuscitation is the development of the Systemic Inflamma-
tory Response Syndrome (SIRS). In the past, this has been identified as multiple organ failure,
with symptoms similar to sepsis. The hallmark of this syndrome is peripheral vasodilation, which
is associated with a breakdown of capillary membranes and the accumulation of excess intersti-
tial fluid.

This case report discusses the development of SIRS in a patient following emergency car-
diopulmonary bypass (CPB). The patient was a 53 year old male with significant left main coro-
nary artery disease who developed sudden bradycardia and hypotension in the operating room
and was emergently placed on cardiopulmonary bypass. During CPB, the patient was peripher-
ally vasodilated, and required continuous alpha-adrenergic support to maintain normal systemic
vascular resistance. In addition, metabolic acidosis was present despite high flow rates, high
hematocrit, addition of colloids, and hemoconcentration. Despite excellent neurological and myo-
cardial recovery following surgery, the patient died one week later in renal and hepatic failure.

Several mechanisms for the development of this syndrome have been hypothesized. One
of these theories is that the ischemic injury in the gastrointestinal tract disturbs the gut barrier
function and allows enteric bacterial endotoxins to pass into the circulation producing sepsis-
like symptoms. Other theories relate to the release patterns of cytokines associated with CPB.
These mechanisms and the treatment of SIRS with new pharmacological agents and perfusion
techniques are reviewed.

Address correspondence to:
Joseph J. Sistino, MPA, CCP
Medical University of South Carolina
101 Doughty Street, 2nd Floor
Charleston, SC 29401-5797

Volume 31, Number 1, March 1999 37
Article available at pfipS://iect.edpsciences.ord or Rfips:/7dor.ora/10. 105 17]ecy 199931103 4



https://ject.edpsciences.org
https://doi.org/10.1051/ject/1999311037

THE JOURNAL OF EXTRA-CORPOREAL TECHNOLOGY

INTRODUCTION

Multiple organ failure due to infection, sepsis, or inflam-
mation has been termed the Systemic Inflammatory Response
Syndrome (SIRS). This is actually a combination of many dis-
eases that lead to multiple organ dysfunction (MODS), multiple
organ system failure, and ultimately death. These disease enti-
ties are activated “nonspecifically by a host of abnormalities
ranging from trauma to infection to myocardial infarction or to
a low cardiac output by patients who have undergone surgery
for cardiac disease” (1).

SIRS may also be a complication of emergency cardiopul-
monary resuscitation. Because of the limited time available to
restore the circulation before ischemic injury to the brain tissue,
resuscitative efforts are focused on the restoration of cerebral
blood flow as quickly as possible. The use of vasoconstrictors
to increase arterial blood pressure during cardiogenic shock may
preserve cerebral perfusion at the expense of the visceral organs
(2). Ischemic and reperfusion injury to the gastrointestinal tract
or the lower extremities produce further damage to a remote or-
gan such as the lung from the release of inflammatory media-
tors (3). This selective perfusion may contribute to the devel-
opment of SIRS (4).

In the past, SIRS has been identified as multiple organ fail-
ure, with symptoms very similar to sepsis (5,6). SIRS is mani-
fested by “2 or more of the following conditions: a temperature
lower than 36°C or higher than 38°C; a heart rate more than 90
beats per minute; a respiratory rate more than 20 breaths per
minute or a PaCO, less than 32 mmHg, which usually means
hypoxic hyperventilation; or a white blood cell count more than
12.0x10°/L or less than 4.0x 10°/L or the presence of greater than
10% immature or band forms” (7,8,9). The hallmark of this syn-
drome is peripheral vasodilation. As multiple organ system dys-
function develops, interstitial fluid increases due to the break-
down of capillary membranes, with the development of gener-
alized edema. Due to acute renal and hepatic failure, this syn-
drome is accompanied by metabolic acidosis and a severe
coagulopathy. The mortality rate at this stage is extremely high
(10,11,12).

The SIRS has been associated with increased levels of en-
dotoxins and cytokines such as tumor necrosis factor (TNF),
interleukin-6 (IL-6) and interleukin-8 (IL-8) (13). Proinflam-
matory cytokines induce increased neutrophil and endothelial
surface adhesive molecule expression, promoting enhanced neu-
trophil-endothelial adherence. Neutrophil-endothelial adherence
is the initial step in this response, and leads to the migration of
leukocytes into the extravascular space where they release tox-
ins that damage the surrounding tissues. The cytokines also in-
crease the cellular expression of inducible nitric oxide synthase,
increasing cellular production of nitric oxide (3).

With the availability of cardiopulmonary bypass (CPB),
rapid initiation of CPB can restore vital blood flow while ef-
forts at cardiac resuscitation are maximized. CPB alone has been
associated with complement activation, endotoxin release, leu-

kocyte activation, expression of adhesion molecules, release of
inflammatory mediators including oxygen free radicals,
cytokines, platelet activating factor, nitric oxide, and endothelins
(14-19). The combination of emergency resuscitation and ex-
posure to CBP may increase the risk of SIRS.

Ischemia and reperfusion are a major stimulus for the re-
lease of cytokines. During CPB, endotoxemia occurs at the time
of aortic cross-clamp release and peaks shortly before the end
of bypass (20). There is a correlation between the duration of
cross-clamping and a decrease in the oncotic pressure (21). There
is evidence that splanchnic ischemia does occur routinely dur-
ing CPB and may disturb the gut barrier function (22-27). Peak
endotoxin levels during bypass have been shown to be a predic-
tor of protracted hospital stay when compared with other hemo-
dynamic and tissue perfusion factors (16).

There is a strong correlation between endotoxin exposure
and decreased systemic vascular resistance (SVR) due to im-
paired endothelial function (28). Decreased response to phenyle-
phrine following shock in animal models has been demonstrated.
Nitric oxide synthase expression is known to occur in the liver
during endotoxemia, and a decreased vasoconstrictive response
to phenylephrine has been reported in isolated liver preparations
exposed to endotoxins. In control livers using the isolated liver
preparation, nitric oxide produced a similar vasodilation (29,30).
Incubation of rat aortic rings in endotoxin also induced a de-
layed and prolonged release of nitric oxide and resulted in a de-
crease in contractile response to phenylephrine (31).

Endotoxins are considered the main trigger for release of
IL-6, IL-8 and granulocyte elastase that have been found to be
detrimental to respiratory function (32). Postoperative circula-
tory instability has been associated with IL-6 release (33). In-
creased endotoxin and TNF levels have been associated with
depressed myocardial performance in the elderly (34). Accord-
ing to Menasche et al, cytokine levels were consistently higher
in patients undergoing normothermic bypass and increased pres-
sor support was required in normothermic patients (35). A strong
correlation exists between the mean arterial pressure and endo-
toxin concentration after 10 minutes on CPB. The concentra-
tion of endotoxins after CPB was found to be related to three
factors: the degree of vasoconstriction, the duration of aortic
cross-clamping, and the degree of hypo-oncotic hemodilution
(36). Factors identified to prevent endotoxin release include ad-
equate flow (cardiac index > 2.4 L/min/m? at normothermia) and
perfusion pressure > 60 mmHg (37).

The source of the endotoxin release has not been well es-
tablished. No significant differences between mixed venous and
hepatic endotoxin levels have been found. No difference in IL-
6 and IL-8 has been found between coronary sinus and arterial
blood in spite of increased levels of these mediators after CPB.
Therefore, one researcher has concluded that the myocardium
is not a predominant source of IL-6 and IL-8 release (38). Oth-
ers have shown that the levels of TNF, IL-6 and IL-8 are posi-
tively correlated with the duration of cardiac ischemia and con-
clude that the myocardium is the major source of these three
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cytokines (39). During lung reperfusion,

. . . Figure 1: Venous oxygen saturation and systemic vascular resistance on cardiopulmo-
no difference in the cytokine levels was 8 Ve ¥ P

found between the left atrium and the ra- nary bypass
dial artery, which is evidence that the lung . .
is not the source of cytokine release (40). Mean Systemlc Vascular Resistance
and Phenylephrine Infusion Rate
CASE REPORT
700

A 53 year old male with a history of SVR 600 + S I
hypertension presented to the hospital with dynessec/cns 500 A \ /
chest burning and abdominal pain. After 400 SVR
some relief with IV nitroglycerin, the pa- Phenylephrine 300 -
tient underwent a cardiac catherization ug/kg/min Phenylephfine
which revealed an isolated 80% lesion of ' 200 1
his left main coronary artery. His ejection 100 1
fraction was 50%. He was taken to the op- 0
erating room for emergency bypass sur- 1 2 3 4 5 6 7

gery. Shortly after the harvest of the left
internal mammary artery (LIMA), the pa- Postoperative day
tient developed severe myocardial is- |
chemia and bradycardia, which quickly ‘
degraded into ventricular fibrillation. The

patient was quickly cannulated and placed on CPB. The

fibrillating heart was noted to be markedly distended. Table 1: Postoperative renal/hepatic laboratory values

The left ventricle was vented through thej 1eft at'rial ap- creat | bilirubin | ast alt | ammonia
pendage and after several attempts at defibrillation, the me/dl me/dl TU/L UL | umol/L
aorta was cross-clamped and 1000 ml of warm blood preop

cardioplegia enriched with aspartate and glutamate was PO day 1

injected both antegrade and retrograde, followed by PO day 2 10.7

1200 ml of cold retrograde blood cardioplegia. Two PO day 3 10.1 3.1 10630 | 8378 10.7
coronary artery bypass grafts were placed, a LIMA to PO day 4 ° 10 11 4052 | 4403

the left anterior descending (LAD) and a vein graft to PO day 5 9.2 14.7 1552 2571

the first diagonal branch. Warm blood cardioplegia gg gayg }gg gg
(900 ml) was again given before the release of the ay :

cross-clamp. W::ganingg off CPB necessitated the use of Normal Range | 0.8-15 | 0.2-13 | 15-59 | 21.72 9-33
an intra-aortic balloon pump. The heart was allowed

to rest on CPB for approximately one hour until the
transesophageal echocardiogram (TEE) demonstrated that the
stunned anterior and lateral walls were recovering. The patient
was weaned off CPB with good ventricular function assessed
by TEE. He was transferred to the Surgical Intensive Care Unit
on epinephrine .05 mcg/kg/min, amrinone 5 mg/kg/min, and
dobutamine 4.5 mcg/kg/min.

At the onset of bypass the systemic vascular resistance was
2737 dynes sec cm™. This high resistance was thought to be a
residual effect of epinephrine that was given during emergency
resuscitation. During the first 30 minutes of bypass the systemic
vascular resistance (SVR) returned to the normal range. (Figure
1). Following this, the patient became hypotensive and required
significant alpha-adrenergic support with phenylephrine to main-
tain the systemic vascular resistance within a normal range.
Metabolic acidosis was present despite high blood flow rates,
high hematocrit (30%), hemoconcentration, and the addition of

colloids. Urine output was decreased on bypass despite diuretic
therapy. The mixed venous oxygen saturation was maintained
> 70% throughout bypass.

The neurological exam on post-op day #1 showed that the
patient was alert and responded appropriately to commands.
However, there was significant renal and hepatic dysfunction
(Table 1). Despite an excellent cardiac index with the IABP, the
SVR averaged 588 dynes sec cm™ the first 24 hours post-op with
high dose phenylephrine infusion (Figure 2). Although cardiac
function improved, the balloon pump could not be removed due
to a persistent coagulopathy related to the liver dysfunction.
Serum creatinine levels became elevated and a renal consult was
obtained. On post-op day 3, the patient appeared septic with a
low SVR and a fever of 102°F. Continuous veno-venous
hemofiltration was started for fluid overload and hyperkalemia.
Improvement in these values occurred, but the patient developed
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a decreased platelet count, possibly secondary to heparin- in-
duced thrombocytopenia, which required the discontinuation of
dialysis (Table 2). The patient expired two days later.

DISCUSSION

This patient exhibited a number of symptoms consistent with
SIRS. Although he was successfully resuscitated with CPB and
coronary artery bypass surgery after cardiac arrest, he developed
severe hepatic and renal failure with peripheral vasodilation af-
ter surgery. In the early postoperative period, there appeared to
be excellent neurological and cardiac recovery. However, due
to the progression of multiple organ failure, treatment with high
dose alpha-adrenergic support, fluid replacement therapy, and
dialysis was unsuccessful.

This example of the systemic inflammatory response is a
complicated scenario with many possible interventions, both pre-
ventative and therapeutic. There have been several strategies that

Figure 2: Postoperative mean systemic vascular resistance and phenylephrine infu- have been shown to mediate the release of
sion rate either endotoxins or cytokines (41,42,43).
There are pharmacological agents being
Postoperative Renal/Hepatic tested to reduce the inflammatory re-
sponse following ischemia. In addition,
Laboratory Values there are perfusion strategies that may de-
crease the incidence of this complication.
creat | bilirubin ast alt ammonia They are outlined below.
mg/dl mg/dl IU/L IU/L umol/L
preop PHARMACOLOGICAL
PO day 1 INTERVENTIONS
PO day 2 10.7 Enoximone, a Type III phosphodi-
PO day 3 10.1 8.1 10630 8378 10.7 esterase inhibitor improves splanchnic
PO day 4 10 11 4052 4403 oxygen utilization. It improves the barrier
PO day 5 g2 14.7 1552 2571 function of the gut and reduces the endot-
PO day 6 105 63 oxin levels in the liver venous blood (44).
PO day 7 126 99 Dopexamine, a dopamine receptor
agonist selectively activates beta 2 adren-
Normal Range 0.8-1.5 0.2-13 15-59 21-72 9-33 ergic receptors. It produces selective va-
sodilation of the intestinal mucosa and im-
L— proves oxygen uptake in the splanchnic
circulation. This has been shown to lower
. . the postoperative level of IL-6 (45).
Table 2: Postoperative laboratory values pKetarl)lserin, an inhibitor of serotonin-induced vasoconstric-
temp whe plat*‘ tion and a weak alpha-1 sympathetic blocker, reduces endotoxin
K/eumm | K/cumm levels and postoperative oxygen consumption in cardiac surgery
patients (46).
Pgﬁg? 1 388 272%8 ;ﬁ; Methylprednisilone, which suppresses the expression of
PO day 2 18 1 13.5 71 adhesion molecules by endotoxin-activated endothelial cells,
PO day 3 392 11.2 40 decreases the degree of endotoxemia produced by CPB. (47).
PO day 4 38.3 9.3 86 Preoperative steroids have been shown to significantly reduce
PO day 5 36 17.3 63 cytokine release and vasodilation in normothermic CPB, through
PO day 6 39.3 40.9 52 a decrease in IL-8 and TNF, and increase in IL-10 (48).
PO day 7 40.1 50.8 33 Antibiotics have been used to reduce the gut content of
enterobacter, with complete elimination after 3 days. Reduction

in intestinal bacteria is associated with a significant reduction
in endotoxin release (49,50).

Aprotinin at high doses was found to lower cytokine and
cellular activation associated with the acute inflammatory re-
sponse of CPB. Low dose aprotinin only modifies hemostasis
and does not reduce inflammatory cytokines (51,52). High dose
aprotinin has been shown to inhibit complement activation, neu-
trophil elastase release, and kallikrein production.

Nafamostat mesilate, a serine protease inhibitor, decreases
both IL-6 and IL-8 release (53).

Methylene blue, which inhibits nitric oxide (NO) has been
used successfully to treat the vasodilation associated with SIRS.
Inducable nitric oxide synthase is activated by endotoxins and
cytokines and produces large quantities of nitric oxide. Methyl-
ene blue inhibits guanylate cyclase and blocks the vasodilatory
effects of nitric oxide in the smooth muscle. Based on the ob-
served clinical improvements in peripheral vascular resistance
after treatment with methylene blue, nitric oxide is thought to
be the final mediator of SIRS (54,55).
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Vasopressin deficiency has been shown to be present in
patients with vasodilatory shock that are resistant to catechola-
mines (56). Although vasopressin has little effect in normal sub-
jects, it is an effective agent in patients with low arterial pres-
sure. CPB is associated with a reduction in vasopressin concen-
tration. The high sensitivity following CPB to low doses of va-
sopressin confirms this deficiency. Treatment with vasopressin
significantly increased the arterial blood pressure and reduced
catecholamine requirements in patients with refractive
vasodilatory shock (57).

CARDIOPULMONARY BYPASS INTERVENTIONS

Heparin bonded circuits have been shown to reduce
complement activation via the alternative pathway, and the ter-
minal pathway. They have also shown less granulocyte activa-
tion and reduction in the release of the inflammatory cytokines
TNF, IL-6 and IL-8 (58,59).

Pulsatile flow has been shown to decrease the endogenous
endotoxin levels that occur with the intestinal congestion and
ischemia of nonpulsatile flow. With pulsatile blood flow, there
was no increase in endotoxin levels after aortic cross-clamping
(60,61).

Ultrafiltration may reduce cytokine levels of TNF and IL-
6. High volume hemofiltration showed early removal of fac-
tors triggering the inflammatory response (62).

This list of interventions is not all-inclusive. There are many
avenues of research into the complexities of this syndrome,
which combine the immune system’s response to extracorpo-
real circulation and ischemic injury. As we begin to understand
the complexities of ischemic injury and the triggers of the in-
flammatory response, a combination of these agents will become
available to prevent the secondary organ dysfunction and stop
the progression to multiple organ system failure and death.
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