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Objective: The purpose of this study was to describe the
sequential changes in commonly obtained laboratory values
after coronary artery bypass grafting (CABG) with cardiopul-
monary bypass (CPB).

Methods: The authors examined laboratory data from 375
patients who underwent uncomplicated CABG with CPB in a
multicenter clinical trial of a medication for postoperative
pain. Data were obtained preoperatively, at the time of post-
operative extubation, and at 4 subsequent intervals ending
14 days after extubation. Data obtained before study drug
administration are reported for all patients; thereafter, only
data from placebo patients without perioperative complica-
tions (n = 123) are reported.

Results: Mean postoperative coagulation values remained
within their reference ranges at the time of extubation.
However, platelet counts increased to a peak value well
above the reference range by the end of the study. Postop-
erative white blood cell counts rose above the reference
range, mainly because of increased neutrophils. Serum

XTRACORPOREAL CIRCULATION causes perturba-

tions of clinical chemistry, hematologic, and blood coag-
ulation measurements.'> Specifically, changes in laboratory
values may be caused by hemodilution, hypothermia, non-
physiologic flow states, anticoagulation, acid-base status, de-
creased levels of platelets and coagulation factors, and activa-
tion of platelets, endothelium, and leukocytes caused by the
“inflammatory response to cardiopulmonary bypass (CPB).”34
These values are often outside the reported reference ranges,
yet many of these laboratory “abnormalities” are not necessar-
ily associated with adverse clinical outcomes.

Although laboratory data are obtained routinely in clinical
investigations, the ubiquitous changes in these values caused by
CPB have not been reported in more than 20 years.! The
primary objective of this investigation was to define the ex-
pected changes in commonly obtained biochemical, hemato-
logic, and blood coagulation laboratory values after coronary
artery bypass graft (CABG) surgery with CPB without intra-
operative or perioperative complications. Recognition of com-
mon changes would facilitate conduct of clinical research that
includes laboratory measurements and may prevent inappropri-
ate clinical treatment of “abnormalities.”

METHODS
Patients

After institutional approval and informed consent were obtained, 462
patients undergoing elective, isolated primary CABG via median ster-
notomy were enrolled in a multicenter, double-blind, controlled clinical
trial comparing a study medication for postoperative pain therapy
(parecoxib/valdecoxib) to a placebo. Both groups also received stan-
dard care. Patients from 58 institutions in the United States (n = 170),
Canada (n = 124), Germany (n = 124), and the United Kingdom (n =
44) were randomized in a 2:1 ratio to the treatment and standard-care
groups, respectively, within each center between January and May
2000 (Table 1). The primary findings are reported elsewhere.’

Preoperative inclusion criteria were age =77 years, body mass index
=40 kg/m?, weight >55 kg, left ventricular ejection fraction =35%,
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chemistries were also altered; most patients showed a per-
sistent postoperative hyperglycemia. Creatine kinase levels
rose to nearly 4 times the upper limit of the reference range
in the early postoperative period. Lactate dehydrogenase,
serum aspartate aminotransferase, and alanine aminotrans-
ferase levels also increased above the reference range. Total
protein and albumin values were below the reference range
throughout the postoperative period.

Conclusions: Laboratory values for hematology, blood co-
agulation, and serum chemistry change substantially after un-
complicated CABG with CPB. Recognition of these changes
will facilitate the conduct of clinical research and may prevent
inappropriate treatment based on abnormal laboratory find-
ings that have no clinical significance.
© 2005 Elsevier Inc. All rights reserved.
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and New York Heart Association Class I to III. Patients were excluded
if they underwent emergency surgery or had a recent (ie, in the previous
48 hours) myocardial infarction, had insulin-dependent or uncontrolled
diabetes (fasting blood sugar >350 mg/dL), had increased concentra-
tions of liver enzymes (aspartate aminotransferase [AST, previously
SGOT] or alanine transferase [ALT, previously SGPT] >1.5 times the
upper limit of normal), had creatinine levels >1.5 mg/dL, or had any
laboratory result suggesting abnormal blood coagulation. Also ex-
cluded were patients with stroke or transient ischemic attack within the
previous 6 months, current substance abuse (opioids, any other anal-
gesics, or alcohol), allergy to nonsteroidal anti-inflammatory agents, or
a history of gastric or duodenal ulcer.

Intraoperative exclusion criteria included a CPB time >3 hours or
insertion of an intra-aortic balloon pump. Also, patients were excluded
if they had an intraoperative complication that, in the opinion of the
primary investigator, significantly increased the patient’s postoperative
risk. In the postoperative period and before randomization, patients
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Table 1. Number of Patients (n = 462) Enrolled by Each
Institution (n = 58)

Number of Institutions
Enrolling This Range

Number of Patients
Enrolled (Range)

<5 23
5-10 24
11-15 6
>15 5
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criteria were randomized to receive the study drug or placebo. Standard
care was allowed, including administration of any clinically necessary
medications except for nonsteroidal anti-inflammatory drugs. No infor-
mation was collected regarding intraoperative administration of drugs
such as calcium chloride or potassium chloride. Only descriptive sta-
tistics (means * SD) were computed for this study.

Table 2. Reference Ranges

were excluded from the study if they were receiving 3 or more inotro-
pic infusions; had developed a symptomatic arrhythmia or new Q-wave
myocardial infarction; had a cardiac index <1.5 L/min, chest tube
output >500 mL in a 2-hour period, urine output <50 mL/h, hemo-
globin <8 g/dL, creatinine >1.2 mg/dL or 30% above baseline; or
temperature <36°C or >38°C at the time of initial study drug admin-
istration. Tracheal extubation was mandated (per protocol) within 15
hours of surgery.

Three hundred eleven patients received the study medication, and
151 received placebo. For the purposes of the present study, a total of
37 patients were excluded because of postoperative mortality (n = 4)
and/or serious postoperative adverse events (n = 33), including myo-
cardial infarction, cardiac failure, cerebrovascular disorder, pneumonia,
and renal dysfunction.> An additional 50 patients were excluded be-
cause surgery was performed “off-pump” without CPB, including 21
patients in the placebo group. Thus, the analyzed data were derived
from 375 low-risk patients who underwent CABG surgery with CPB
without complications. Patients who received transfusions of fresh
frozen plasma (n = 5) or platelets (n = 2) were excluded from further
analyses of related laboratory values (eg, prothrombin time [PT],
activated partial thromboplastin time [aPTT], and platelet count).

Laboratory Testing

Laboratory data were collected preoperatively and at 5 postoperative
time points: just before extubation (within 15 hours of surgery), the day
after extubation (day 1), the third or fourth day after extubation (day 3
or 4), the day of hospital discharge, and at the end of the study (on day
14, or sooner if premature termination occurred). Analyses of labora-
tory values obtained preoperatively and in the postoperative period
prior to extubation (before study drug administration) included all 375
patients. Analyses for all remaining time periods (after active study
drug administration) included only the 123 placebo patients.

All blood samples from all centers were analyzed by a central
laboratory (Covance Central Laboratory Services, Inc, Princeton, NJ).
Laboratory tests consisted of hematologic, blood coagulation, hepatic,
renal, electrolyte, and enzymatic profiles. (Normal ranges for these tests
are presented in Table 2.) Hemoglobin and hematocrit were not ana-
lyzed because many patients received perioperative packed red blood
cell transfusions that were not documented in the study database.

Anesthetic and Surgical Techniques and Postoperative Care

Anesthesia was induced with fentanyl and/or midazolam, isoflurane,
and a muscle relaxant for tracheal intubation. Anesthesia was main-
tained with isoflurane and/or propofol, fentanyl, midazolam, and pan-
curonium at all institutions. CPB with membrane oxygenators and
hemodilution was used in all patients included in this analysis by using
the technique of hemodilution. Although the conduct of the anesthesia
and surgical intervention was similar among the institutions, no at-
tempts were made to further standardize technique.

After admission to the intensive care unit, initial management al-
lowed the administration of propofol, morphine, or midazolam at the
clinician’s discretion. Each patient received 80 to 325 mg of aspirin per
day. Shortly after tracheal extubation, patients meeting the inclusion

Laboratory Parameter Reference Range

Platelet count (X103/uL) 130-394
PT (s) 10.5-14.9
aPTT (s) 23.0-37.0
WBC (X 10%/uL) 3.8-10.7
Neutrophils (%) 40.5-75.0

Bands (%) 0-3.0

Lymphocytes (%) 15.4-48.5
Monocytes (%) 2.6-10.1
Eosinophils (%) 0-6.8
Basophils (%) 0-2.0
Total bilirubin (mg/dL) 0.2-1.2
Alkaline phosphatase (U/L)

20-58 years 31-110

=59 years 35-115
AST (SGOT) (U/L)

Female 9-34

Male 11-36
ALT (SGPT) (U/L)

Female 0-68 years 6-34

Female =69 years 6-32

Male 0-68 years 6-43

Male =69 years 6-35
LDH (U/L) 53-234
Total protein (g/dL)

4-58 years 6.1-8.4

=59 years 6.0-8.0
Albumin (g/L)

<69 years 3.34.9

=69 years 3.5-4.6
BUN (mg/dL) 4.0-24.0
Creatinine (mg/dL)

Female 0.4-1.1

Male 0.5-1.2
Sodium (mEg/L)

0-58 years 132-147

=59 years 135-145
Potassium (mEq/L) 3.4-54
Chloride (mEq/L) 94-112
Bicarbonate (mEq/L) 17.0-30.6
Calcium (mg/dL) 8.4-10.3
Inorganic phosphorus (mg/dL) 2.2-5.1
Creatine kinase (CK) (U/L)

Female 21-169

Male 22-198
Glucose (mg/dL)

0-58 years 70-115

=59 years 70-120

NOTE. Unless otherwise indicated, normal values are identical for
adult men and women.

Abbreviations: PT, prothrombin time; aPTT, activated partial throm-
boplastin time; WBC, white blood cell count; AST, aspartate amino-
transferase; SGOT, serum glutamic oxoacetic transaminase; ALT, ala-
nine aminotransferase; SGPT, serum glutamic pyruvic transaminase;
LDH, lactate dehydrogenase; BUN, blood urea nitrogen.
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Table 3. Initial Postoperative* Changes in Laboratory Values in Coronary Artery Bypass Graft Patients (n = 375)
Preoperative Postoperative .
Change in
Laboratory Parameter Mean = SD Range 25th % 75th % Mean = SD Range 25th % 75th % Mean
Platelet count (X10%/uL) 230 = 60 98-491 186 261 166 + 52 69-433 127 195 -63
PT (s) 127 =28 10.1-60.0 12 12.9 14418 11.4-39.7 13.6 14.9 1.7
aPTT (s) 26.8 £ 6.7 17.9-60.0 23.0 28.1 30.0 £85 19.4-97.1 24.6 33.2 3.2
WBC (x103/ulL) 7.3*+20 3.2-14.3 5.9 8.6 12.6 = 4.7 3.7-29 9.0 15.8 5.3
Neutrophils (%) 62.0 = 8.2 34-80 57 62 81965 54-94 78 87 20.0
Bands (%) 0.0 £ 0.0 0-0 0 0 04 +17 0-1.4 0 0 0.4
Lymphocytes (%) 289=+7.5 13-57 24 34 11.9 £ 6.6 1-42 7 15 -17.0
Monocytes (%) 6.1*+19 2-16 5 7 4.7 + 2.2 0-14 3 -1.3
Eosinophils (%) 25+13 0-8 2 3 0.9+0.9 0-4 0 1 -1.6
Basophils (%) 0.8=*+0.5 0-3 1 1 0.1+04 0-2 0 0 -0.7
Bilirubin (mg/dL) 05=*0.3 0.2-1.9 0.3 0.6 0.7 0.5 0.2-4.8 0.4 0.9 0.2
Alkaline phosphatase (U/L) 69 + 21 27-119 55 81 45 + 16 18-131 34 53 —24
AST (SGOT) (U/L) 24 =12 11-117 17 26 45 + 38 15-594 29 50 21
ALT (SGPT) (U/L) 30 = 20 3-176 18 34 24+ 21 6-302 15 27 -6
LDH (U/L) 154 + 44 74-464 130 168 258 = 84 96-684 203 300 104
Total protein (g/dL) 6.8 = 0.7 3.5-8.7 64 73 45+ 0.7 2.5-6.5 4.0 5.0 -23
Albumin (g/dL) 3.8*+05 2.0-4.8 3.5 4.2 2.6 =05 1.4-4.1 2.3 2.9 -1.2
BUN (mg/dL) 16.56 =45 7.0-33.6 13.7 19.0 14.8 = 3.9 7.0-30.0 12.0 171 -1.7
Creatinine (mg/dL) 0.9+0.2 0.4-2.0 0.8 1.0 0.8 +0.2 0.4-1.5 0.7 0.9 -0.1
Sodium (mEq/L) 140 = 3 132-148 139 142 141 =+ 34 130-152 139 143 0.3
Potassium (mEq/L) 42 +04 2.7-5.9 4.0 45 4.5 + 0.6 2.3-5.8 4.1 4.8 0.3
Chloride (mEgq/L) 105+ 3 91-115 103 107 1M1 +4 99-122 108 114 6
Bicarbonate (mEq/L) 25.1 + 3.2 14-38 23 27 21.3+£28 12-39 20 23 -3.8
Calcium (mg/dL) 8.7+0.8 5.4-10.5 8.4 9.2 75 *0.7 5.1-10.0 7.1 8.0 -1.2
Inorganic phosphorus (mg/dL) 3.7*+09 2.0-12.4 3.3 4.0 3.2+1.2 0.7-12.1 25 3.7 -0.5
Creatine kinase (CK) (U/L) 87 £ 57 18-599 52 106 517 = 366 98-323 297 635 430
Glucose (mg/dL) 121 £ 44 65-360 95 129 178 £ 55 85-378 142 205 56

NOTE. Values outside the reference range are in bold print. (Reference ranges provided in Table 2.)
Abbreviations: aPTT, activated partial thromboplastin time; WBC, white blood cell count; AST, aspartate aminotransferase; SGOT, serum
glutamic oxoacetic transaminase; ALT, alanine aminotransferase; SGPT, serum glutamic pyruvic transaminase; LDH, lactate dehydrogenase;

BUN, blood urea nitrogen.
*Immediately before extubation (within 15 hours of surgery).

RESULTS
Initial Postoperative Changes in Patients Having CABG
With CPB

Abnormalities in laboratory tests were common in both
treatment groups but similar between groups.’ Initial postoper-
ative laboratory values obtained just before extubation (mean
7.6 £ 4.1 hours after the end of surgery) tended to deviate
considerably from preoperative values (Table 3). Preopera-
tively, only the mean value for serum glucose was above
normal. After CABG with CPB, PT and aPTT increased but
remained within the reference range. The platelet count de-
creased considerably but also remained within normal range.
The white blood cell count (WBC) rose above the normal
range, whereas the percentage of neutrophils increased and the
percentage of lymphocytes decreased to values outside the
reference range.

Serum chemistries were also altered after CABG with CPB.
AST (SGOT) and lactate dehydrogenase (LDH) levels rose
above their normal ranges. A marked postoperative hypergly-
cemia developed in many patients; the mean glucose level was
178 = 55 mg/dL at the time of tracheal extubation. Postoper-
ative mean creatine kinase (CK) activity showed an almost
6-fold increase to values far above the reference range. Total

protein, albumin, and calcium decreased to values below their
reference ranges. Total bilirubin rose above preoperative levels
but remained within the reference range. Also remaining in the
reference range were the postoperative values for alkaline
phosphatase, ALT (SGPT), BUN, and creatinine, although each
of these decreased below preoperative levels.

Changes From Postoperative Day 1 to 14

Analysis of hematologic, coagulation (Table 4), and serum
chemistry laboratory values (Tables 5 and 6) collected during
the rest of the study period was restricted to the 123 patients
who received placebo and did not experience serious adverse
events. In these patients, the mean platelet count decreased but
remained within the reference range on postoperative day 1, but
it subsequently increased to a peak value well above the refer-
ence range by the end of the study. Mean PT values remained
within the reference range at all time points. Mean aPTT values
decreased immediately after surgery; thereafter, aPTT re-
mained low but within the reference range. On day 3 or 4, the
total WBC count, percentage of neutrophils, and percentage of
lymphocytes returned to their reference ranges, but these mea-
sures had not fully returned to their preoperative values by the



Table 4. Postoperative Changes in Laboratory Values in Coronary Artery Bypass Graft Patients (n = 123) (Placebo Patients Only): Hematology and Coagulation

Preop Day 1 Day 3 or 4 Hospital Discharge 2 Weeks Postop
Laboratory
Parameter Mean Range  25th % 75th % Mean Range  25th % 75th % Mean Range 25th % 75th % Mean Range  25th % 75th % Mean Range  25th % 75th %
Platelet count
(x103/uL)* 216 =50 126-392 182 246 157 = 41 76-288 125 185 206 =55 113-349 165 232 308 =92 109-546 229 364 499 + 132 228-1079 416 572
PT (s)t 125+ 0.7 10.7-14.8 12 131 135+1.4 10.4-24.7 12.9 139 13.1 £2.6 10.9-35 12.3 133 13.0x1.2 10.9-20.8 12.3 134 129+1.2 11.2-223 12.4 13.2
aPTT (s)t 26.6 = 6.3 18.8-55.7 23.3 274 264*+47 18.1-60 23.7 259 24.8*6.6 18.8-67 22 253 234*26 17.6-294 214 249 245+35 18.4-39.9 224 25.8
WBC (x10%/uL) 7.2+20 3.3-143 6 82 128=%35 55243 10.8 14.6 95+26 4.3-19.8 7.6 10.7 9.6 =25 5.3-16.2 7.9 109 89+22 5.1-18 7.3 10.2
Neutrophils (%)  61.7 +85  34-80 56 68 81955 60-93 78 85 742 +7.0 53-89 71 78 70.1 =56  57-83 67 73 68.9+6.8  49-85 65 74
Bands (%) 0.0 0-0 0 0 0.1+0.5 0-5 0 0 0.0 = — 0 0 0 0.1+0.5 0-0.3 0 0 0.0+0.3 0-0.3 0 0
Lymphocytes (%) 29.1 7.9 13-57 25 34 11.4+49 3-34 8 14 17.6 = 6.0 7-40 14 21 19.7 £ 55 6-36 17 22 21.6 = 5.6 7-42 18 25
Monocytes (%) 6.1+ 2.1 3-16 5 7 56=*24 2-17 4 7 55*23 1-15 4 6 63+24 2-19 5 7 58=*24 3-23 5 6
Eosinophils (%) 24+1.4 0-8 1 3 09+0.9 0-5 0 1 24+14 0-9 1 3 34+19 0-10 2 4 31+24 0-14 2 4
Basophils (%) 0.9+0.5 0-2 1 1 0.2+04 0-1 0 0 0.4+0.6 0-4 0 1 0.7 0.6 0-3 0 1 0.8+0.4 0-2 1 1
NOTE. Values outside reference range are in bold print. (Reference ranges provided in Table 2.)
Abbreviations: PT, prothrombin time; aPTT, activated partial thromboplastin time; WBC, white blood cell count.
*Patients with platelet transfusion (n = 2) excluded from platelet count analyses.
TPatients with fresh frozen plasma transfusion (n = 5) excluded from PT and aPTT analyses.
Table 5. Postoperative Changes in Laboratory Values in Coronary Artery Bypass Graft Patients (n = 123) (Placebo Patients Only): Clinical Chemistries (Renal and Hepatic)
Preop Day 1 Day 3 or 4 Hospital Discharge 2 Weeks Postop
Laboratory
Parameter Mean Range 25th % 75th % Mean Range 25th % 75th % Mean Range 25th % 75th % Mean Range 25th % 75th % Mean Range 25th % 75th %
Total bilirubin
(mg/dL) 0.5+0.3 0.2-1.9 0.3 0.6 0.7+04 0.2-24 0.4 08 07+04 0.2-20 0.4 08 06+03 0.2-17 0.4 0.7 04+0.2 0.2-1.0 0.3 0.5
Alkaline phosphatase
(U/L) 68 +18 27-121 55 79 49 = 15 24-123 38 55 74 =4 33-291 51 80 103 =80  43-542 63 114 106-37 54-256 84 114
AST (SGOT) (U/L) 24+13  11-116 18 26 3919 16-114 26 46 40 = 64 6-528 19 36 38 + 31 11-200 20 43 22+11  10-69 15 26
ALT (SGPT) (U/L) 30 =21 7-176 18 34 23+ 16 6-155 15 25 49 =133  8-988 17 35 63107 11-734 23 51 33+22 9-130 20 39
LDH (U/L) 15540 77-339 131 166 242 =54 120-419 212 266 22270 130-676 183 241 227 =65 132-616 191 260 182 =37 84-306 161 203
Total protein (g/dL) 6.9+0.6 4.8-8.2 6.5 7.3 53+06 3874 4.9 56 57x06 44-7.7 5.2 6.1 6.3+0.6 4.9-83 5.8 6.6 6.9+ 0.6 b5.5-86 6.6 7.2
Albumin (g/dL) 39+04 2648 3.6 4.2 28+04 1844 25 3.1 28+04 1.9-36 2.5 29 3.0x03 2238 2.8 3.2 34+03 2542 3.2 3.7
BUN (mg/dL) 16.8 £4.5 8.1-33.6 14 19 187 £5.7 7-33 14 22 20.0+7.0 8.1-41.2 15.1 224 19.0+6.8 7.3-44.0 16.0 21.0 187 +6.8 8.4-52.7 15.1 21.3
Creatinine (mg/dL) 1.0+0.2 0.5-14 0.8 1.1 1.0+0.2 0.5-1.7 0.8 1.1 09+02 05-15 0.8 1.0 09=*0.2 0520 0.8 1.0 1.0+0.3 0.6-2.3 0.8 1.1

NOTE. Values outside reference range are in bold print. (Reference ranges provided in Table 2.)
Abbreviations: BUN, blood urea nitrogen; AST, aspartate aminotransferase; SGOT, serum glutamic oxoacetic transaminase; ALT, alanine aminotransferase; SGPT, serum glutamic pyruvic transaminase; LDH, lactate
dehydrogenase.
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Table 6. Postoperative Changes in Laboratory Values in Coronary Artery Bypass Graft Patients (n = 123) (Placebo Patients Only): Other Clinical Chemistries

Day 1 Day 3 or 4 Hospital Discharge 2 Weeks Postop

Preop

25th % 75th % Mean Range 25th % 75th % Mean Range 25th % 75th % Mean Range 25th % 75th %

Range

Range 25th % 75th % Mean

Mean

Laboratory Parameter

138 141

141 139 =3 134-146 137 140 1393 133-145

37

139 142 139 +4 130-151 136 141 1386 104-150 1

132-146

141+ 2

Sodium (mEg/L)

4.9
106

4.3
102

4.6 +04 3555

103 =3

4.6
05
28

0.5 2.8-5.6 4.1
100

102 =3
26.1 = 3.2

+

4.3
05
29

3.7
99

47 41+05 2956
102 =6

08
28

4.1
102

3.6-5.5

44+04

105*5

4.5
107

4

104

42+04 3.1-52

105+ 3

Potassium (mEq/L)
Chloride (mEq/L)

95-109
16-33

1

93-111

1

74-115
18-34

1

94-123
19-35

6.3-9

98-112

27

24

255 +29
8.9

24

16-33

25

26.5 + 3.1

23

23 27 254 +33

17-38

25.0 = 3.0

Bicarbonate (mEqg/L)
Calcium (mg/dL)

8-10.2 8.6 9.2

0.4

*

8.7

8.1

84+05 7497

6-9.3 7.7 8.4

0.5

8.1 8.0 +

7.6

9.2 78=x05

8.5

8.8*+0.6 6.3-10.1

Inorganic phosphorus

4.5

3.7

41+0.6 2755

3.2 4.3

1.0-6.0

0.8

*

3.3

1.1 24124 3.3 40 33*18 15-194 2.4 37 28%=08 1.0-5.2 2.3

*

3.7

(mg/dL)
Creatinine kinase (CK)

57
142

29
95

48 =46  18-430
65-322

146
160

52
108

18-456
77-333

106 = 75
144 = 50

366
165

120

110

267 £ 213 35-1122

144 = 44

885
180

370

131

125-3736
85-388

731 = 546
162 = 49

105
129

18-599 56

76-320

68

*
125 = 48

(U/L)
Glucose (mg/dL)

124 = 46

83-321

95

NOTE. Values outside reference range are in bold print. (Reference ranges provided in Table 2.)
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Table 7. Laboratory Values Outside the Reference Range

Time Point Laboratory Parameter

Preop* Glucose( 1)

Time of extubation* WBC( 1), neutrophils( 1),
lymphocytes( | ), AST(1),
LDH( 1), total protein( | ),
albumin( | ), calcium( | ),
CK( 1), glucose( 1)

WBC( 1 ), neutrophils( 1),
lymphocytes( | ), AST(1),
LDH( 1), total protein( | ),
albumin( | ), calcium( | ),
CK( 1), glucose( 1)

AST(1), ALT( 1), total protein( | ),
albumin( | ), calcium( | ),
CK( 1), glucose( 1)

AST(1), ALT(1), albumin( | ),
glucose( 1)

Platelet count( 1), glucose( 1)

Postop day 11

Postop day 3 or 41

Day of hospital discharget

End of study (day 14)t

NOTE. (1) indicates values above, and ( | ) indicates values below
the reference range. (Reference ranges provided in Table 2.)

Abbreviations: WBC, white blood cell count; AST, aspartate amino-
transferase; LDH, lactate dehydrogenase; CK, creatine kinase; ALT,
alanine aminotransferase.

*Laboratory values shown for all 375 patients.

tLaboratory values shown for 123 placebo patients.

end of the study period. The WBC count obtained 2 weeks
postoperatively was within the reference range.

By the end of the study period, all serum chemistry measure-
ments were within the reference range with the exception of serum
glucose, which had returned to preoperative levels but was still
above normal (Tables 4 and 5). However, AST (SGOT) values
were above the reference range on day 1 and remained elevated
through hospital discharge and then returned to normal during the
2 weeks after surgery. ALT (SGPT) measurements were above the
reference range on day 3 or 4 and at hospital discharge. Total
protein and serum albumin values were below the reference range
on day 1 and on day 3 or 4, but they returned to normal by the time
of hospital discharge. Serum LDH was very slightly elevated on
postoperative day 1. CK levels were above the reference range at
extubation and peaked at day 1; they remained above the reference
range at day 3 or 4 but returned to the reference range by the day
of hospital discharge and decreased below preoperative levels (but
remained within the reference range) by the end of the study.
Calcium measurements were below the reference range in the
early postoperative period. Table 7 summarizes all laboratory
results that were outside the reference range.

DISCUSSION

The present results show that CABG with CPB initiates a
consistent pattern of substantial hematologic, coagulation, and
serum chemistry changes, resulting in laboratory values that are
often outside the reference range. However, these laboratory
abnormalities do not necessarily indicate adverse outcomes, as
shown in this group of low-risk patients who underwent CABG
without complications.
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Hematology and Blood Coagulation

It is of interest that no clinically significant abnormalities in
platelet count, PT, or aPTT were observed at extubation even
though disturbances in blood coagulation are known to be caused
by CPB-related hypothermia,>® high-dose heparin administra-
tion,” sequestration and destruction of platelets,>!%!! qualitative
platelet abnormalities,'®!! and decreased serum coagulation fac-
tors as a consequence of exposure of blood to the perfusion
circuit.> However, patients with excessive postoperative bleeding
were excluded from this study. Therefore, the laboratory values
analyzed were obtained from those patients who were most likely
to have near-normal coagulation. Nonetheless, 2 weeks after sur-
gery, the mean platelet count rose to more than double the preop-
erative mean. This finding is consistent with previous observations
that thrombocytosis commonly occurs after surgical proce-
dures'>13 and that coagulation tests may be abnormal for at least 2
months postoperatively.'4

The immediate postoperative increase in white blood cell count
after CABG may be because of a nonspecific inflammatory re-
sponse to the trauma and bleeding caused by major surgery.*
Similarly, the increase in the percentage of neutrophils is likely to
be an expression of this nonspecific response.* !> The failure of the
mean total WBC count and percentage of neutrophils to return to
their preoperative values by the end of the study may also indicate
a lingering nonspecific inflammatory response.

Serum Chemistries

Several serum chemistry measurements were outside the refer-
ence range after surgery. Postsurgical decreases in total protein
persisted until day 3 or 4, and decreased albumin levels persisted
until hospital discharge. These observations are consistent with the
intraoperative administration of large volumes of crystalloid and
its consequent dilutional effects. However, interpretation of post-
operative albumin values may be impaired by variations in prac-
tice with respect to albumin administration during the intraopera-
tive and/or postoperative periods. A dilutional mechanism may
also explain the early postoperative hypocalcemia observed in
these patients, although calcium levels must be interpreted with
caution in the presence of hypoalbuminemia. Hemodilution in the
immediate postoperative period may also explain other serum
chemistry changes observed in these patients; ALT (SGPT), alka-
line phosphatase, BUN, and creatinine levels all decreased post-
operatively, although they remained within the reference range.

The CABG patients displayed an increase in LDH to levels
slightly above normal and a smaller increase in serum bilirubin,
which remained within the normal range. These changes may be
explained by hemolysis caused by the shear forces associated with
the use of cardiotomy suction and CPB pumps.'® Additionally, the
nonphysiologic flow pattern of extracorporeal circulation may
have impaired microcirculatory perfusion, causing minor hepatic
tissue damage that contributed to the postoperative increase in
serum LDH and AST.!7 An interesting finding in this study was
that the mean ALT (SGPT) value was above the normal range on
day 3 or 4 and at hospital discharge, possibly because hepatic
perfusion, microcirculation, and/or metabolism were affected by
CPB or hypotension. In fact, a moderate loss of hepatocellular
integrity has been described in patients undergoing prolonged
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CPB.!8 However, given that none of the patients in the current
study had any adverse events, the observed chemical changes
probably reflect a subclinical phenomenon rather than significant
pathophysiologic change. Furthermore, BUN and creatinine val-
ues remained within the reference range throughout the postoper-
ative period, suggesting that renal function was preserved.

The mean preoperative serum glucose level was above normal,
and marked postoperative hyperglycemia was observed. Although
the authors cannot exclude the possibility that intravenous dex-
trose was administered in the perioperative period, it is likely that
postoperative hyperglycemia was caused primarily by the stress
response to surgical trauma and extracorporeal circulation.!®0
Serum glucose levels remained outside the reference range 2
weeks after CABG.

Potential Limitations

The potential limitations of this study include the relatively
small number of placebo patients without serious adverse events
who were available for the entire postoperative study period (n =
123). However, laboratory values were obtained at several time
points over a 2-week period for each patient, increasing the de-
scriptive value of the study. Additionally, the inclusion of only
those patients with an absolutely uncomplicated postoperative
course is a strength, in that the laboratory values in this group
describe the perturbations to be expected in patients without any
morbid event or complication.

Although the timing of the first set of postoperative laboratory
tests to extubation (mean 7.6 * 4.1 hours after surgery) was
mandated by the study protocol, a more ideal timing would have
been 8 or 12 hours after the end of CPB. Furthermore, it could be
argued that the sample of patients in this study was overly heter-
ogenous, in that the patients were treated at many different centers
and only the sickest patients were excluded. However, this diver-
sity makes the sample more representative of the CABG popula-
tion as a whole. Unfortunately, there were too few patients under-
going “off-pump” CABG to allow useful comparisons between
patients with and without CPB. Finally, the effect of CPB on
qualitative platelet function was not assessed in this study.

CONCLUSIONS

In conclusion, it is clear that there are substantial fluctuations in
standard laboratory values after cardiac surgery with CPB. In
many instances, values rose above or dropped below the reference
range. However, because all patients with serious morbidity were
excluded from this study, these changes in laboratory values did
not indicate any morbid outcome and therefore were not clinically
significant. Instead, the consistent pattern of changes in laboratory
values shown in this study may be a useful reference for the
objective evaluation of cardiac surgical patients enrolled in clinical
trials. Furthermore, in patients having routine cardiac surgery,
knowledge of expected perturbations in laboratory values may
prevent unnecessary treatment based on “abnormal” laboratory
findings, with subsequent inappropriate resource utilization and
possible iatrogenic complications.
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