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Abstract Objective. Gastrointest i -  
nal (GI) compl ica t ions  after cardiac 
surgery with ca rd iopulmonary  bypass  
(CPB) are uncommon  compl ica t ions  
with s ignif icant  morbid i ty  and mor-  
tal i ty rates. 
Methods. From 1988 to 1995, 36 GI 
compl ica t ions  were ident i f ied in 
3158 patients who underwent  cardiac 
surgery (1.14% incidence) .  The mor-  
tal i ty rate was 13.9%. Compl ica t ions  
inc luded hemorrhage  in the G[ tract 
in 22, perfora ted ulcer  in 3, acute 
cholecyst i t i s  in 3, pancreat i t is  in 2, 
mesenter ic  i schemia  in 3, diver t icu-  
litis in 1 and l iver  failure in 2 patients. 
Results. Clinical  r isk factors included 
advanced age, combined  coronary 
artery bypass  graft ing (CABG)-va lve  

operat ion,  pos topera t ive  low cardiac  
output (LCO), p ro longed  vent i la t ion 
t ime, re -explora t ion  of  the chest, ster- 
nal infect ion and a posi t ive  his tory 
of  pept ic  ulcer. Patients with a pro-  
longed pump t ime had an increased 
r isk of  GI compl ica t ions  (P<0.001).  
Conclusions. Gastrointes t inal  com- 
pl icat ions,  a l though of  low incidence,  
carry a s ignif icant ly  high mortal i ty,  
and the cl inician must  be alert  to in- 
stitute early appropr ia te  treatment.  
[Eur J Cardio- thorac  Surg (1996) 10: 
763 - 7 6 7 ]  
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Introduction 

The inc idence  of  gas t ro intes t inal  (GI) compl ica t ions  after 
card iac  surgery is low, but  the mor ta l i ty  and morbidi ty ,  as 
wel l  as the cost  in terms of  p ro longed  hospi ta l iza t ion ,  are 
all cons iderab le  [4, 6 -  8, 12]. De l ayed  recogni t ion  o f  these 
compl ica t ions  leads  to a high inc idence  of  morb id i ty  and 
mortal i ty ,  therefore  p rompt  d iagnos is  and t rea tment  are es- 
sential_ The purpose  of  this rev iew was to examine  the in- 
c idence,  c l in ica l  features,  t reatment ,  and ou tcome of  pa-  
t ients having GI  compl ica t ions  after cardiac  surgery and to 
prof i le  pat ients  at greatest  r isk in order  to faci l i ta te  ear ly 
d iagnos is  and opt imal  t reatment.  

Material and methods 

The records of 3158 consecutive mostly adult patients who under- 
went cardiac surgery with the aid of cardiopulmonary bypass (CPB) 

during the 6-year period 1990-1995 were reviewed in the Gtilhane 
Military Medical Academy. Of these, 2158 patients underwent cor- 
onary artery bypass grafting (CABG), 425 patients valve procedures, 
73 patients valve and CABG, and 502 patients congenital cardiac de- 
fect procedures. Of these with congenital cardiac defect, 83 patients 
were cyanotic. Most of these patients were adult with an average age 
of 20.6 years (range 3-54  years). The data regarding postoperative 
complications was retrieved from patient records. The preoperative 
characteristics of patients are summarized in Tables 1 and 2. Of the 
patients, 74.8%, were male with a mean age of 58.7 years (range: 
7 - 85 years). 

H2-blocking drugs were not employed prophylactically, but were 
continued in those patients already taking them and given to patients 
with a past history of GI bleeding. All patients received antibiotic 
prophylaxis with cefataxim, 1 g every 12 h for 48 h_ Nasogastric 
tubes were not inserted routinely. A standardized anesthetic and op- 
erative technique was employed for all patients. Myocardial protec- 
tion during CPB was achieved by cross-clamping and the infusion 
of cold cardiplegic Saint Thomas' solution into the aortic root. In ad- 
dition patients were cooled to 28 or 25 °C during CPB and received 
non-pulsative flow at rates of 2.4 l/rain per m", with a mean perfu- 
sion pressure of 55-65 mmHg. 

Postoperative low cardiac output (LCO) was defined by a low 
cardiac index (usually under 2.5 1/min per m2), peripheral vasocon- 
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striction, hypotension, and metabolic acidosis. The aims of pharmac- 
ologic therapy for LCO included: to increase contractility, decrease 
afterload, and optimalize preload. Infusions of epinephrine, dopa- 
mine or dobutamine were commonly administered to improve con- 
tractility. When pharmacologic support alone was inadequate to re- 
verse the LCO syndrome, mechanical circulatory support (intra-aor- 
tic balloon pump: IABP) was added. The use of the pharmacologic 
or mechanical support was continued until the patient was fully im- 
proved. 

Only patients with GI complications that arose within 30 days of 
their cardiac procedure and on their initial hospitalization were con- 
sidered for this study. Postoperative GI complications were docu- 
mented by clinical, and the appropriate biochemical, hematologic, 
roentgenographic or endoscopic examinations. Significant GI com- 
plications were defined as: GI bleeding manifested by hematemesis 
or melena associated with a decrease in the hemoglobin level of 2 g; 
pancreatitis evidenced by abdominal pain, tenderness, nausea, vom- 
iting and an elevated urinary or serum amylase level; signs and symp- 
toms of acute calculous or acalculous cholecystitis; liver failure man- 
ifested by progressive cholestatic jaundice, rising liver function test 
values and uncorrectable coagulopathy; mesenteric ischemia, the di- 
agnosis of which was based on a combination of clinical signs and 
laboratory data (i. e. elevated serum potassium, white blood cell and 
serum lactate levels); and signs and symptoms of perforated ulcer [7, 
8]. Patients with medication-induced nausea, vomiting or diarrhea 
were excluded. Also excluded were those with transient abdominal 
distension and those with transient hyperbilirubinemia without signs 
and symptoms of hepatic failure. 

Statistical analysis was performed by means of the 22 test for di- 
chomatous data and one-way analysis of variance with multiple- 
range comparison for continuous data. A probability value of less 
than 0.05 was considered significant. 

Results 

Thir ty-s ix  GI compl ica t ions  occurred in 3158 pat ients  who 
underwent  cardiac  surgery requir ing CBP. The inc idence  
of  GI compl ica t ions  was 1.14%. The character is t ics  of  this 
group of  pat ients  and their  compl ica t ions  are summar ized  
in Table 1_ Of the 36 patients ,  27 were  male  and 9 female  
(P>0.05).  The average age was 67.3_+19 years  (range 

2 6 - 8 4  years).  The inc idence  of  compl ica t ions  was 2.56% 
in those aged more  than 65 years  compared  with 0.7% in 
those less than 65 years  of  age (P<0.01).  There  were f ive 
deaths,  g iv ing a 3.9% mota l i ty  rate_ The mor ta l i ty  rate from 
GI  compl ica t ions  represented  5.9% of  all deaths that oc-  
curred after cardiac  opera t ions  requir ing CPB during this 
t ime (P<0.001).  The inc idence  of  GI compl ica t ions  in those 
pat ients  who had undergone  combined  C A B G  and valve  
operat ions  was 9.6% compared  with 1.11% for C A B G  pa- 
tients,  0.94% for valve  opera t ions  and 0.3% for congeni -  
tal cardiac  defect  operat ions,  which was a s ignif icant  dif-  
ference (P<0.01).  Mean  pump t ime was 123_+36 min in pa-  
t ients with GI compl ica t ions ,  compared  with 78_+42 min 
for pat ients  undergoing  s imi lar  cardiac  procedures  
(P<0.01).  

Ana lyses  0 f the  preopera t ive  and pos topera t ive  r isk fac- 
tors after cardiac  surgery of  those with and wi thout  GI com- 
pl ica t ions  were also under taken,  and the results  are pre-  
sented in Table 2. In compar ison ,  pat ients  with GI compl i -  
cat ions were  o lder  (P<0.02)  and had a h igher  inc idence  of  
known pept ic  u lcera t ion  (P<0.001).  Diabetes ,  a lcohol  
abuse and use of  ant icoagulant  and/or  an t iaggregant  pre- 
opera t ive ly  did not differ  s ignif icant ly  be tween  the two 
groups.  Subsequent  adminis t ra t ion  of  ant icoagulants  in the 
pos topera t ive  per iod  also did  not  differ  s ignif icantly.  There  
was a s igni f icant ly  h igher  inc idence  of  LCO (P<0.001),  
the need for IABP  (P<0.001)  and the requi rement  of  long-  
term vent i la tor  support  (P<0.05)  for those patients in 
whom GI compl ica t ions  subsequent ly  developed.  Re-ex-  
p lora t ion  of  the chest  was requi red  in 9 of  36 (25%) pa-  
tients with GI  compl ica t ions  for per icard ia l  t amponade ,  
b leed ing  or sternal  dehiscence  compared  to 83 of  3122 
(2.6%) pat ients  wi thout  such a compl ica t ion  (P<0.001).  
Two patients  (5.5%) in the compl ica t ion  group and 19 pa- 
tients (0.6%) in the control  group deve loped  sternal  infec-  
tions (P<0.03).  Whi l e  the pos topera t ive  hospi ta l iza t ion  
was 17.6_+9.5 days  for the pat ients  with GI compl ica t ions ,  
it was 7.3_+2.1 days for the control  group (P<0.00).  

Table 1 Profile of patients with GI complications (CABG coronary artery bypass grafting, CPB cardiopulmonary bypass, G1 gastrointes- 
tinal, F female, M male) 

No. of Age (years) Sex Operation CPB time Mortality 
patient (min _+ SD) no_ (%) 

<65 >65 M F CABG Valve CABG Con- 
+ Valve genital 

Total 3158 2417 
GI complications 36 17 
GI hemorrhage 22 12 
Perforated ulcer 3 - 
Cholecystitis 3 2 
Pancreatits 2 1 
Diverticulitis 1 1 
Mesenteric ischemia 3 1 
Liver failure 2 - 

741 2361 797 2158 425 73 502 78 +__42 85-2.7 
19 27 9 24 4 7 1 123_+36 5-13.9 
10 17 5 16 3 3 - 120 _+ 39 0 
3 3 1 - 2 - 137 _+ 43 2-66.6 
1 1 2 3 - - -  - 87 _+ 35 0 

1 1 1 2 - - - 1 1 8  _+ 1 0  0 

1 . . . .  1 3 6  0 
2 2 1 1 1 1 - 132_+ 10 1-33.3 
2 2 - 1 - 1 - 143_+21 2-100 
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Table 2 Preoperative and 
postoperative profile of patients 
with and wiEhout GI complica- 
tions after cardiac surgery 

Variable Patients with Patients without 
GI complicanons GI complications 
(n: 36) (n: 3122) 

P value 

Preoperative 
Mean age (years) 67.3 _+ 3 58.7 _+ 21 <0.02 
Sex (F/M) 27/9 2334/788 NS 
Diabetes 4 324 NS 
Alcohol abuse 3 260 NS 
Anticoagulants and/or antiplatelets 27 2356 NS 
Peptic ulcer and/or gastritis 9 178 <0.001 
Postoperative 
Low cardiac output 11 165 <0.001 
Intra-aortic ballon pump 8 41 <0.001 
Sternal infection 2 19 <0.03 
Re-exploration of chest 9 83 <0.001 
Ventilation for >24 h 5 128 <0.05 
Use of anticoagulants postoperatively 2 161 NS 
Mean hospitalization (days) 17.6 + 9.5 7.3 _+ 2.1 <0.001 

Twenty- two patients had GI hemorrhage and diagnosis 
was made 4.8 days, on average, after cardiac operation. 
Seven of  the patients with GI hemorrhage had a history of  
peptic ulceration. Twenty of  the 22 bleeding episodes were 
gastroduodenal  in origin. The other two were distal to the 
l igament o f  Treitz. All of  these patients initially received 
nasogastric intubation, that was continued as long as nec- 
essary to raise the intragastric pH to greater than 5 and un- 
til bleeding ceased. Anti-acid and H 2 blocker were contin- 
ued throughout  the duration of  hospitalization. One patient 
required operative intervention_ The mortality for patients 
with GI hemorrhage was zero. Three patients had a perfo- 
rated duodenal  ulcer. Perforated ulcer was treated by sim- 
ple omentopexy in one patient, who later died as a result 
of  peritonitis and multiple organ failure, and truncal va- 
gotomy and pyloroplasty in the second. The third patient 
died suddenly due to cardiac arrest and the diagnosis was 
made on postmortem examination. Each of  these patients 
had received medical  treatment before the duodenal ulcer 
was perforated. The highest mortality in our series was for 
patients with perforated ulcer. Duodenal  ulcer was diag- 
nosed a mean of  4.8 days postoperatively compared with 
a mean of  12 days (range 6 - 2 0  days) for perforated duod- 
enal ulcer. Cholecystit is developed in three patients (1 man 
and 2 women).  All three patients had undergone C A B G  
with a mean pump time of  87+35 rain_ The mean pump 
time of  these patients was less then other patients with GI 
complications (P<0.05) (Table 1). No patient had a known 
history of  symptomatic  cholelithiasis. All presented with 
acute cholecystit is and in two this was calculous. All pa- 
tients were surgically treated at a mean of  8 days postop- 
eratively with no mortality. Pancreatitis was diagnosed in 
two patients and was treated conservatively. One patient 
with atrial septal defect had diverticulitis, manifested by 
fever and left lower quadrant abdominal  pain. The diagno- 
sis was made endoscopical ly at 8 days postoperatively and 
the patient was successfully treated with antibiotics. Three 

Table 3 Management and outcome of patients with GI complica- 
tions (Numbers in parentheses are deaths) 

Complications Medical treatment Surgical treatment 

Number (Mortality) Number (Mortality) 

Total (36) 27 (3) 9 (2) 
GI hemorrhage (22) 21 (-) 1 (-) 
Perforated ulcer (3) 1 (1) 2 (1) 
Mesenteric ischemia (3) - (-) 3 (1) 
Pancreatitis (2) 2 (-) - (-) 
Cholecystitis (3) - (-) 3 (-) 
Diverticulitis (1) 1 (-) - (-) 
Liver failure (2) 2 (2) - (-) 

patients developed mesenteric ischemia. Two had suffered 
prolonged LCO postoperatively, and one had atrial fibril- 
lation. All three patients had an abdominal  exploration. 
One patient with atrial fibrillation, who had not been anti- 
coagulated, underwent  a superior mesenteric embolec tomy 
and two had intestinal resections. The only mortality was 
a 73-year-old male who had melena which developed on 
the 14th postoperative day and who underwent  immediate 
right hemicolectomy. Liver failure occurred in two patients 
1 week after undergoing C A B G  and CABG-va lve  opera- 
tions. In each instance this was thought  to represent a ter- 
minal phase of  mult isystem organ failure and preceded 
death by a brief  period. 

The management  and outcome of  patients with GI com-  
plications are summarized in Table 3. 

Discussion 

Gastrointestinal complicat ions have been reported to oc- 
cur after 0 . 3 % - 3 %  of cardiac surgery with CPB and are 
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associated with mortality rates of 11%-67% [1-6] .  The 
1.14% incidence of GI complications in this study is sim- 
ilar to the rates in the literature. The mortality rate in this 
series, 13.9%, is also similar to those in the literature. Gas- 
troduedonal ulcers, either perforated or bleeding, account 
for the greatest number of complications; this is followed 
by acute cholecystitis, pancreatitis, mesenteric ischemia or 
infarction, perforation or bleeding elsewhere in the GI 
tract, and a variety of miscellaneous complications, includ- 
ing ileus, splenic infarct and liver failure [6]. The high mor- 
tality in these patients has been attributed to delayed diag- 
nosis and treatment of GI complications, which often pre- 
cipitates multisystem organ failure. In addition, these pa- 
tients frequently have serious associated medical problems 
and limited physiologic reserved, and this diminishes their 
ability to survive a major septic or hemorrhagic insult. The 
major factor in precipitating GI complications after car- 
diac surgery is likely to be low flow with hypoperfusion 
of end organs [ 11 ]_ Perioperative hypotension, hypovole- 
mia, prolonged CPB, the use of vasoconstrictor inotropic 
agents, postoperative arrhythmias, hemorrhage and pre- 
existing vascular disease all combine to produce mucosal 
injury and subsequent organ damage [4 -6 ,  7, 11]. Hypo- 
perfusion can be responsible not only for gastric and du- 
odenal ulceration and their complications, but also for rues- 
enteric ischemia, pancreatitis, paralytic ileus and liver fail- 
ure [1, 6, 8, 10]. Hypoperfusion may play a role in the eti- 
ology of acalculous cholecystitis, biliary stasis, and pro- 
longed distension of the gallbladder may also be important 
in the development of this condition [3]. Other factors, such 
as advanced age, emergency operation, sternal infection, 
re-exploration of the chest, narcotics use, previous history 
of peptic ulcer disease, parenteral nutrition and the nature 
of cardiac surgery are also relevant [6, 7, 9]. 

In this study, we have demonstrated that advanced age 
(65 years or older), LCO syndrome, re-exploration of the 
chest, sternal infection, prolonged mechanic ventilation, 
prolonged CPB time and previous history of ulcer disease 
were important risk factors for the development of GI com- 
plications. The nature of cardiac surgery, whether CABG 
or valve procedures, did not appear to be significant with 
relation to GI complications. However there was a signif- 
icantly high incidence of GI complications in the combined 
CABG and valve operations. Combined operations tend to 
have a long CPB time with a greater incidence of LCO and 
a need for inotropic use and IABP. Interestingly, in the 
group with congenital cardiac defect there was only one 
GI complication. In these patients, there were a signifi- 
cantly younger age and shorter CPB time compared with 
the other procedures. 

The most common GI complication in this series was 
GI tract hemorrhage. Seven of the 22 patients with GI hem- 
orrhage had a previous history of peptic ulceration_ In ad- 
dition, two of the patients with perforated ulcer had a pre- 
vious history of peptic ulcer. These observations lead us to 
the conclusion that aggressive perioperative ulcer prophy- 

laxis should be instituted in such patients, particularly 
those at high risk from their cardiac surgery. Although 
many patients with GI hemorrhage can be treated conser- 
vatively, we recommend early surgical intervention for 
hemorrhaging gastroduedonal ulcers that fail to respond 
quickly to appropriate medical therapy such as in one of 
our patients. 

Although the incidence of postoperative hyperamylase- 
mia has been reported to be as high as 32%, the incidence 
of severe pancreatitis is usually much lower, and less than 
1% [2]. Clinical factors related to the development of acute 
pancreatitis include postoperative hypotension and the 
perioperative administration of calcium chloride [2]. Two 
patients had pancreatitis in this series and were managed 
by nasogastric aspiration and intravenous fluids with no 
mortality. Acute cholecystitis occurred in 8.3% of the pa- 
tients with GI complications and all patients were managed 
surgically with no mortality. Two of these patients had acal- 
culous cholecystitis. Diminished gallbladder contractility 
and biliary stasis, which are features of acalculous chole- 
cystitis, have been associated with parenteral nutrition, 
prolonged fasting and the use of narcotics_ The cause of 
cholecystitis is believed to be ischemia consequent upon 
hypoperfusion during bypass [9], although we could not 
demonstrate any significant differences between CPB 
time, postoperative low cardiac output and postoperative 
cholecystitis in these compared to our other patients. Mes- 
enteric ischemia and liver failure were fatal complications 
in our series as well as in others [6 - 8]. Many of these pa- 
tients with mesenteric ischemia are sedated and on venti- 
lators which may mask symptoms and signs of an abdom- 
inal catastrophe. Prompt treatment is essential and surgery 
should not be avoided because the patient has had recent 
cardiac surgery. In our series, three patients with mesen- 
teric ischemia were managed promptly with surgical treat- 
ment and only one patient died. Liver failure as a terminal 
manifestation of multisystem organ failure occurred in two 
patients. In this series preoperative alcohol abuse, enzymes 
and billirubin were not associated with subsequent liver 
dysfunction, but prolonged CPB time and combined 
CABG and valve operations were significant risk factors. 

In summary, GI complications after cardiac surgery 
with CPB are uncommon but serious events. The common 
cause of all these complications is visceral hypoperfusion. 
Patients who were older than 65 years of age (who had ad- 
vanced systemic atherosclerosis, which predisposes to vis- 
ceral ischemia during low flow states), had prolonged CPB 
time, had a history of peptic ulcer disease, underwent com- 
bined CABG and valve procedures and had postoperative 
LCO syndrome, sternal infection, prolonged ventilation 
and re-exploration of the chest were shown to be at great- 
est risk. Therefore in these high risk patients and highly 
stressed patients aggressive perioperative ulcer prophy- 
laxis should be instituted_ In the diagnosis and manage- 
ment of GI complications, a high index of suspicion and 
early appropriate therapy are most important. 
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