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Introduction

Postoperative care of cardiac surgical patients ha-
ve shown important changes parallel to the surgical
improvements in recent years. These changes have
resulted in intensive care unit (ICU) containing a gre-
ater proportion of older, sicker patients who have
undergone more major surgery.

The real challenge, for all physicians who deal with
patients who may become critically ill, is to develop a
system of practice that will allow the early identificati-
on and correction of complications before it happens.

In the US, more than 300.000 cases involving
cardiopulmonary bypass (CPB) are performed every
year and all of these patients require postoperative
intensive care (1). The main determining factors of
success of a cardiac operation are the events that oc-
cur within the operating room. However, some pati-
ents, who are very ill upon arrival in the ICU, may ha-

ve a good long-term prognosis when postoperative
care is meticulously provided. Conversely, patients
who are doing well as they leave the operating ro-
om may be put at significant risk for complications
by poor postoperative management. It is crucial in
all circumstances, an expert interdisciplinary posto-
perative approach should be provided 24 hours a
day in order to ensure a successful outcome.

The postoperative cardiac surgical patient is in a
special biologic situation due to the effects of CPB.
Early after the operation there is a whole body inf-
lammatory response with leaky capillaries and all its
possible attendant problems. The physician must be
keenly aware of this basic premise in caring for the-
se patients.

There are several key points, as outlined by Coy-
le that should be remembered (2):

a- Postoperative course is determined by intra-
operative events.

b- Management in the early postoperative period
is determined by the multisystem effects of CPB.

c- Managing cardiovascular function is key to re-
covery in other systems.

d- Respiratory care is directed at restoring lung
volume and minimizing lung water.
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Summary: With the medical advances and rising expectations among cardiac surgeons and patients, older
and sicker patients now undergo ever more complex operations. However, fortunately, postoperative care
of cardiac surgical patients also have shown important changes parallel to the surgical improvements.
Although, the events within the operating room are accepted as the main determinants for the faith of the
patient, some patients, who are very ill upon arrival in the intensive care unit, may have a good long-term
prognosis when postoperative care is meticulously provided. Conversely, patients who are doing well as they
leave the operating room may be put at significant risk for complications by poor postoperative manage-
ment.
In this paper, we draw an outline of systematical approach of intensive care of cardiac surgical patients and
summarize a practical manual for physicians. By applying this approach effectively, it should be expected
that, the clinician is able to recognize an impending disaster earlier, initiate the proper treatment timely, and
increase patient’s chances of survival. (Anadolu Kardiyol Derg, 2003; 3: 156-161)
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e- Preservation of renal function is essential in mi-
nimizing postoperative morbidity.

f- Coordination of care is required to facilitate im-
mediate and timely interventions and to incorporate
input from surgeons, anesthesiologists, cardiologists,
cardiac intensivists, and consultants.

The type of surgery plays an important role in de-
termining postoperative hemodynamic management
and outcome. Valve replacement patients are more
at risk for complications than coronary bypass pati-
ents. Those with mitral insufficiency seem to be at
the highest risk for postoperative complications, fol-
lowed by those with aortic stenosis or insufficiency,
and finally, mitral stenosis (3). The goals in the imme-
diate postoperative period include: monitoring and
assurance of hemodynamic and respiratory stability,
restoration of normal body temperature, monitoring
of fluid, electrolytes and blood loss from mediastinal
and pleural chest tubes (4). It is important to interve-
ne in a timely fashion to manage agitation and shi-
vering as the patient awakens from anesthesia. The-
re are several important problems that must be add-
ressed rapidly to prevent complications (5):

1- Inadequate perfusion pressures
2- Low cardiac output
3- Dysrhythmias
4- Ischemia
5- Excessive bleeding
6- Cardiac tamponade
The approach to these patients is best directed

by dividing their problems into the systems:

I- Cardiovascular System

For the routine uncomplicated patient with relati-
vely normal preoperative function. The tendency is
toward a slow increase in systemic vascular resistan-
ce (SVR) in the early postoperative period. As war-
ming occurs the patient tends to vasodilate, and vo-
lume loading and the use of a vasopressor may be
needed. It is important not to administer any more
volume than necessary in this period. With increased
preload and decreased afterload, cardiac output
(CO) may reach or surpass preoperative values.

Intravascular overload secondary to overaggressi-
ve fluid resuscitation has always been a primary con-
cern with large-volume fluid administration. In addi-
tion to intravascular overload, the myocardium itself
may become edematous and lead to impaired cont-
ractility and compliance.

Low output syndrome (LOS): LOS is defined as
a cardiac index (CI) <2.2 L/min/m2. It is associated
with a high incidence of respiratory failure, renal fa-

ilure, disseminated intravascular coagulation (DIC),
central nervous dysfunction, gastrointestinal (GI) ble-
eding and death (6). Acute left ventricular dysfuncti-
on may occur in the early post-operative period or la-
ter during periods of stress such as weaning from
mechanical ventilation. One must remember that a
thermodilution CI of 2.2 L/min/m2 must be interpre-
ted with respect to the patients age, preoperative
status, and end-organ function as manifest by men-
tal function, acid-base status, lactate production, mi-
xed venous oxygen saturation, urine output and
signs of peripheral hypoperfusion. If all systems are
functioning normally and all other values are within
acceptable parameters, one must not get “locked” in
to a thermodilution CO value. Conversely, when it is
clear that a greater CO is needed, preload and after-
load must be optimized first, then the addition of an
inotrope such as dopamine, dobutamine, amrinone
or epinephrine is warranted. However, if the patient
is bradycardic increasing the heart rate with a pace-
maker maybe effective (7).

Unlike congestive heart failure, the perioperative
LOS often does not respond to vasodilators alone. In
addition to this, the need for inotropic support after
CPB does not significantly reduce outcome expectati-
ons, as it does in medical congestive heart failure (8).

Arrhythmias: Arrhythmias are frequent in the
perioperative period and there appears to be two pe-
aks in their incidence (9). The first occurs in the ope-
rating room usually during induction of anesthesia or
during weaning from CPB. The second peak occurs
between the 2nd and 5th postoperative day. The
mechanism underlying postoperative arrhythmias, is
not completely understood.

Bradyarrhythmias suggest chronotropic incompe-
tence related to drugs, structural abnormalities, or
reflex-mediated responses such as seen in severe he-
morrhagic shock and acute inferior wall myocardial
infarction. Tachyarrhythmias may reflect underlying
cardiac disease, pharmacologic activity, or physiolo-
gic stress and the need for compensatory mecha-
nisms to maintain CO and organ perfusion (10). 

Supraventricular arrhythmias (SVA) occur in 20-
50% of patients after cardiac surgery (1). Atrial fibril-
lation is common and is usually easily controlled with
digoxin. Therapy with beta-adrenergic blocking
drugs has been shown to be effective in both pre-
venting and treating SVA.

Ventricular ectopy is increased in postoperative car-
diac surgery patients and some advocate lidocaine and
magnesium to suppress these as prophylaxis against
more serious ventricular arrhythmias. The benefits of
prophylactic anti-arrhythmia therapy postoperatively
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have never been adequately addressed in a randomi-
zed clinical trial. If ventricular tachycardia occurs,
arrhythmic treatment with lidocaine is warranted. Ho-
wever, this treatment should not last longer than 24
hours, at which time it should be discontinued and the
patient observed for any further arrhythmias (11).

Cardiac tamponade: Signs of tamponade may
be very different than in the patient with chest tra-
uma or constrictive or restrictive pericardial disease.
The diagnosis should always be suspected when the
patient’s hemodynamic status worsens and does not
respond to interventions, especially when accompa-
nied by elevation and equalization of end diastolic
pressures or marked decrease in chest tube output.

Postoperative hypertension: Hypertension oc-
curs in up to 40% of patients and may be part of a
hyperdynamic state (12). The possible etiology is
multifactorial:

• Hypoxia
• Hypercapnia
• Increased sympathetic tone
• Emergency from anesthesia
• Surgical manipulation of the great vessels
After assuring a normal arterial blood gases, in

most cases treatment is aimed at reducing the SVR
(13). Sodium nitroprusside will lower blood pressure
by causing a decrease in SVR as well as causing an
increase in heart rate and CO. In contrast, labetalol,
a combined alpha and beta blocker, causes a decre-
ase in blood pressure primarily by decreasing CO and
heart rate with little change in SVR (14). Hydralazine
is a good alternative for hypertensive patients with
bradycardia, as it does not effect the heart rate.
Smooth blood pressure control should be achieved
by manipulating CO, afterload and preload.

II- Respiratory System

The provision of adequate oxygenation and ven-
tilation while recovering from anesthesia and surgery
are primary goals. Secondary goals are avoidance of
barotrauma, volutrauma and infection. Once the pa-
tient is awake, responsive and hemodynamically
stable, weaning and extubation are usually accomp-
lished. The most common pulmonary abnormality af-
ter cardiac surgery is loss of lung volume with sub-
segmental, segmental or lobar atelectasis. Expected
changes in pulmonary function after a median ster-
notomy and CPB include a decrease in vital capacity
by approximately 50%, which nadirs on the second
to third post-operative day (15). There is also an ac-
companying decrease in functional residual capacity.
Chest X-Ray evidence of atelectasis is present in 98%

of patients and a significant number of patients ha-
ve pleural effusions (left>right). Internal mammary
artery grafting is accompanied by greater pulmonary
impairment than with saphenous vein grafts alone.

Extubation can be accompanied frequently wit-
hin 4-6 hours of arrival in the ICU if the patient me-
ets the criteria along with hemodynamic stability and
an alert mental status (16). If the patient is more
complex or has had >100 minutes of CPB, it is pro-
bably prudent not to extubate early (17).

Factors predisposing to prolonged ventilation:
• Re-exploration for bleeding or tamponade
• Emergency procedure
• Left ventricular dysfunction
• Renal failure
• Fluid overload
• Neurological injury (stroke, encephalopathy)
• Infection (sepsis, pneumonia, mediastinitis,

etc.)
• Malnutrition
• Bronchospasm
• Acquired respiratory distress syndrome (ARDS)
• Systemic inflammatory response syndro-

me/multiorgan dysfunction syndrome
• Phrenic nerve injury
• Advanced age

III- Gastrointestinal Systm

Acute dysfunction of the GI subsystem is uncom-
mon after cardiac surgery occurring in only about
1% of patients (18). However, important dysfuncti-
on is followed by death during hospitalized period in
more than 50% of patients. The following problems
can occur after an open heart operation (19):

• Postoperative ileus
• Upper GI bleeding
• Pancreatitis
• Cholecystitis
• Hyperbilirubinemia
• Bowel perforations and infarcts
Risk factors:
• CPB time
• Concurrent renal failure
• Respiratory failure requiring prolonged ventila-

tory support
• Previous history
Jaundice occurs in up to 20% of patients with bi-

lirubin levels approximately 3 mg/dL. Moderate or
severe jaundice, with more than 6 mg/dL bilirubin,
occurs only in about 5% of patients (20, 21).

Jaundice maybe related to:
• Severity of preoperative right atrial hypertension
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• Hypoxia during operation
• Early postoperative hypotension
• Multiple blood transfusions
• CPB time
Infection: Wound infections, sepsis, pneumonia,

mediastinitis, urinary tract infections all occur as
complications after cardiac surgery. The specific or-
ganisms seen are influenced by the antibiotic
prophylaxis chosen. Treatment should be guided by
culture and sensitivity reports and be organism spe-
cific. However, most institutions use either cefazolin
or vancomycin, and therefore most superinfections
are frequently with resistant organisms such as Pse-
udomonas aeroginosa, Klebsiella, Serratia. Sternal
wound infections occur in approximately 1% of pati-
ents (22). Predisposing factors for wound infection
following cardiac surgery are:

• Diabetes mellitus
• LOS
• Use of bilateral Internal Mammarial Artery
• Reoperation for bleeding or tamponade
• Prolonged intubation
Sepsis is the most common cause of death in the

surgical ICU`s. Mortality ranges from 20% to 60%
(23). Therefore, Gram-negative organisms are respon-
sible for 50-80% of all cases of septic shock, while 6-
24% of cases result from gram-positive organisms.

The source of bacteremia leading to sepsis inclu-
des the urinary, respiratory and GI tracts. However,
in about 30% of patients, the source is unknown.

Bleeding: Increased blood loss following CPB
maybe either “surgical” or “non surgical”. Surgical
bleeding is characterized as blood loss from a speci-
fic anatomic site. Mediastinal blood loss of >300 ml
in the first hour, >250 ml in the second, and >150 ml
thereafter has been correlated with surgically correc-
table bleeding (24). When bleeding is suspected to
be surgical, the patient should be re-explored and
bleeding controlled. Blood should not be allowed to
collect within the mediastinum. Because it is likely to
induce a local and systemic fibrinolytic state which
can cause a vicious cycle of diffuse non surgical ble-
eding. Non surgical blood loss during the first four
hours after surgery is directly related to the duration
of CPB and the lowest systemic temperature reached
(25). Adequate preoperative hematologic assess-
ment, meticulous surgical technique and efficient
prompt re-warming are imperative in the reduction
of postoperative blood loss.

Persistent bleeding after cardiac surgery is one of
the most common problems in the early postoperati-
ve period. The causes of postoperative bleeding are
multiple and include (26):

• Heparin rebound
• Acquired, qualitative and quantitative platelet

defects due to CPB and drugs
• Dilutional thrombocytopenia and factor defici-

ency
• Local and systemic fibrinolysis
• DIC
• Pre-existing coagulopathies
Interestingly, in our recent study, we have shown

that the patients underwent open heart surgery during
summer months had a higher incidence of bleeding
(27). Therefore, it is also possible that clotting system
might show some types of seasonal fluctuations.

The use of simple laboratory tests generally can de-
termine which particular cause is principally responsib-
le for the bleeding problem. This should allow for spe-
cific therapies to be administered. However, one sho-
uld keep in mind that bleeding as a consequence of
one etiology could quickly lead to impairment in other
components of the coagulation cascade (28).

Adequate reversal of heparin should be ensured,
especially if heparin rebound is suspected, by monito-
ring ACT, PTT or both, and administering additional
protamine as indicated. Platelet consumption and di-
lution as a consequence of CPB maybe a common ca-
use of bleeding. Therefore, if the patient continues to
bleed significantly after adequate rewarming, fresh
platelet transfusions are to be administered. Antipla-
telet therapy, such as aspirin, is common in antiangi-
nal regimens that many patients` platelets are inef-
fective even with a normal preoperative platelet co-
unt. Continued prolongation of the PT and PTT sho-
uld prompt infusion of fresh frozen plasma. Low le-
vels of fibrinogen should be corrected with cryopreci-
pitate. Generally, blood transfusion is considered
when hemoglobin is less than 8 g/dL, and hematoc-
rit is less than 24% (23). However, transfusion of red
blood cells should also be guided by rate of blood
loss, underlying medical problems in the patient, and
by the indicators of oxygen delivery. The re-infusion
of up to 1000 ml of mediastinal blood shed through
chest tubes postoperatively (auto re-transfusion sys-
tem) has been shown to be safe and effective.

Pharmacologic interventions to control diffuse
non surgical bleeding should include the use of pro-
tamine as described above and possibly ε-aminocap-
roic acid, an inhibitor of fibrinolysis. Tranexamic acid
is an isomer of ε-aminocaproic acid with 7-10 times
its inhibitory activity. Desmopressin acetate (DDAVP)
has also been used to help attenuate bleeding, espe-
cially in patients with renal insufficiency. Aprotinin, a
protease inhibitor may have a role when administe-
red in high doses before and during CPB.
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IV- Renal System

Oliguric renal failure (RF), a very serious problem,
has been reported to occur in 0.7-4.3% of patients
(29). The incidence of RF requiring dialysis rises when
postoperative creatinine is more than 1.7 mg/dL. 

The most accurate simple test to discriminate es-
tablished acute RF from other causes of oliguria is
the fractional excretion of sodium (30). Urinary sodi-
um, if low (<20mmol/L), will suggest active tubular
conservation of sodium and further prompt circula-
tory therapy. Otherwise, following the serum urea
and creatinine concentrations will adequately docu-
ment the progress of renal function.

Mortality rates for RF ranged up to 90% in older
reports (31), although, some evidences now indica-
tes that early dialysis may reduce this rate signifi-
cantly (32). There has been a trend toward early app-
lication of continuous arteriovenous hemofiltration
in an attempt to remove excess fluid, thereby facili-
tating extubation and decreasing the incidence of
respiratory failure (33).

Risk factors:
• Preoperative elevation of creatinine
• LOS
• Hypotension
• Advanced age
• Need for postoperative circulatory support
• Multiple blood and blood product transfusions
• CPB time
When RF occurs it generally follows three pat-

terns (34):
1- Abbreviated RF: Occurs after an isolated in-

sult at the time of surgery. Creatinine peaks around
day four and then recovers.

2- Overt RF: The acute insult is accompanied by
prolonged circulatory failure. Recovers in 2-3 weeks.

3- Protracted RF: Same as the previous one. But,
as recovery occurs a second insult (sepsis, massive
gastrointestinal bleeding, acute myocardial infarcti-
on, etc) ensues and permanent RF may occur. This is
usually accompanied by ARDS or multiorgan
dysfunction syndrome.

V- Neuropsychiatric System

Cerebral complications of cardiac surgery are be-
ing recognized with increasing frequency. A subgro-
up of neuropsychologic complications, consisting of
changes in memory, concentration and visual motor
skills are directly attributable to CPB (35, 36). Transi-
ent postoperative delirium is seen in approximately
7% of patients on postoperative day 1, but either re-

solves spontaneously or after appropriate treatment
by day 6 (37). Embolism and hypoperfusion have be-
en implicated since the earliest days of cardiac sur-
gery to be etiologic factors for strokes (38). New
techniques to evaluate microemboli (Doppler detec-
tion, fluorescent retinal angiography, and conventi-
onal and diffusion magnetic resonance imaging) of-
fer promise in the evaluation of these complications.
The use of intraoperative ultrasound to detect athe-
romatous changes in the ascending aorta may help
improve neurologic outcome.

Risk factors (39):
• Emergency procedure
• Severe left ventricular dysfunction
• Advanced age
• Peripheral vascular disease
• Intraaortic balloon pump
• CPB time > 142 minutes
• Valve procedure or ventriculotomy
• Carotid bruits
In cardiac surgical intensive care, early recogniti-

on of an impending disaster and initiation of treat-
ment increase patient’s chances of survival, and at
the very least prevent further complications. This can
be ensured by systematical approach. The body con-
sists of different systems and all of them integrate
and interact with each other. If there is something
wrong with one component, one should expect so-
me problems in the other systems. 

The scope of cardiac surgical critical care includes
prediction and prevention of problems as well as in-
vestigation and intervention. However, preventing
deterioration is more effective than attempting salva-
ge at a later stage. In addition, prompt simple actions
can save lives and prevent complications. Therefore,
the best critical care is simple and preventive. Late,
heroic interventions generally are less successful.
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