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ABSTRACT 

Purpose 

Many laboratory values are abnormal after surgery for a ruptured abdominal aortic 

aneurysm (RAAA). However, these changes have not been comprehensively evaluated. 

We analysed the changes in routine laboratory values and how these changes were 

related to outcome in a consecutive series of RAAA patients.  

Methods  

All patients who underwent surgery for an RAAA between January 1990 and June 

2003 at our hospital were included in this study. We analysed laboratory data acquired 

during the first week for all patients and at discharge for survivors. We categorised 29 

different measurements into six categories based on the related pathological process, 

including: haematology and coagulation, metabolism, systemic inflammation, renal 

function, liver function, and electrolytes. 

Results  

A total of 290 patients underwent RAAA surgery, with a hospital mortality of 34%. 

Haemorrhage was the most common cause of early death, whereas multiple-organ 

failure (MOF) was the most common cause of death several days after surgery. Most 

laboratory values deviated from normal at multiple time points and they differed 

significantly between survivors and non-survivors. 

Conclusions 

Both survivors and non-survivors of RAAA surgery displayed characteristic time-

dependent laboratory abnormalities. Awareness of these responses may help us predict 

patients prone to complications. 
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INTRODUCTION 

Despite major improvements in emergency care, anaesthesiology, surgical equipment, 

graft materials and postoperative intensive care management, hospital mortality after 

surgical repair of ruptured abdominal aortic aneurysms (RAAAs) remains high  and 

variable (30%-70%) (43-45,47,98). Multiple-organ failure (MOF) is the major cause of 

death in the intensive care unit (ICU) after successful RAAA repair (99,100). 

Consequently, there are many associated laboratory abnormalities. However, data on 

laboratory values and their specific time course after RAAA repair have not been 

comprehensively described in the literature. Identification of common patterns as they 

occur in patients who follow a benign course and those who will die could be of great 

consequence. As such, one or more of these laboratory values may serve as an indicator 

for the development of complications and adverse outcome, whereby unnecessary 

diagnostic or therapeutic interventions may be avoided. We conducted this study to 

evaluate the time-dependent changes in routine laboratory values during the first week 

after RAAA repair. For this purpose we performed two comparisons: First, to find out 

which values differed from the normal reference values and at what time; and second, 

to find out which values differed between survivors and non-survivors and at what 

time. We included essentially all routinely measured laboratory values, which were 

arbitrarily grouped into six basic physiologic categories. 
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PATIENTS AND METHODS 

Study Design 

We retrospectively analysed all patients who underwent open repair for RAAA in our 

tertiary referral centre between January, 1990 and June, 2003. Survival data on this 

population was published previously (35). Patients who underwent endovascular 

treatment were excluded. From June 2003 onward the number of AAAs treated with 

endovascular aneurysm repair (EVAR) increased rapidly. Therefore, no patients who 

underwent open repair of an RAAA was included after 2003, since the results might 

have been biased by excluding patients who were haemodynamically stable and 

anatomically normal (101).  

 RAAA was diagnosed only if retroperitoneal or intraperitoneal blood, or both, 

was identified during the operation. Consequently, all acute non-ruptured aneurysms 

without retro- or intraperitoneal blood were excluded from the analysis. Acute 

physiology and chronic health evaluation II (APACHE-II) scores were calculated in 

patients who survived surgery. The APACHE-II score is based on 12 physiological and 

laboratory parameters as well as on age and previous health status, measured in the first 

24h of ICU admission. The APACHE-II score ranges from 0 to 71, and mortality rates 

increase with an increasing APACHE-II score (102). The number of transfusions of red 

blood cells (RBCs) and platelet concentrates were also recorded during the first 24h. 

 

Laboratory Data 

The laboratory values studied and their reference values are presented in Table 1. 

Laboratory data were measured daily, from day 0 (representing the day of surgery). If 

more than one laboratory measurement a day was available, the mean of these values 

was calculated before further analysis. In the group of survivors, the laboratory values 

available within 5 days of hospital discharge were recorded.  

The laboratory values were grouped into the following categories: Haematology and 

coagulation: activated partial thromboplastin time (APTT), fibrinogen, haemoglobin, 

platelet count, prothrombin time (PT), and white blood cell count. Systemic 

inflammation: C-reactive protein (CRP). Metabolic: bicarbonate, pCO2, pH, lactate, 
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glucose and pO2. Renal: creatinine and urea. Liver: albumin, alanine aminotransferase 

(ALAT), alkaline phosphatase (AP), aspartate aminotransferase (ASAT), direct 

bilirubin, total bilirubin, gamma glutamyl transferase (gGT), and lactate dehydrogenase 

(LDH). Electrolytes: calcium, chloride, magnesium, phosphate, potassium and sodium.  

 

Definitions of Outcome Parameters 

In addition to ICU-stay and length of stay in hospital, all reoperations were 

recorded. The main outcome measure was hospital mortality. In patients who died, the 

following major complications were recorded: haemorrhagic shock, sigmoid necrosis, 

abdominal infection, infected aortic graft, and organ failure according to the Sequential 

Organ Failure Assessment (SOFA)-definitions (103). The SOFA score measures the 

failure of six organ systems, respectively defined as the neurological, haemodynamic, 

respiratory, renal, liver, and coagulation systems. Organ failure was defined as a SOFA 

score ≥ 2 with regard to the relevant organ system (103). 



Chapter 4 

56 
 

Table 1. Reference values of laboratory measurements 

Laboratory measurements Reference values 
Activated partial thromboplastin time (APTT) 26-36 seconds 
Alanine-amino transferase (ALAT) 0-30 U/L 
Albumin 37-47 g/L 
Alkaline phosphatase (AP) 13-120 U/L 
Aspartate aminotransferase (ASAT) 0-40 U/L 
Bicarbonate (HCO3

-) 21-28 mmol/L 
Bilirubin - direct 
                - total 

0-5 mol/L 
3-26 mol/L 

Calcium 2.25-2.75 mmol/L 
Chloride  98-107 mmol/L 
C-reactive protein (CRP) < 5 mg/dL 
Creatinine 62-106 mol/L 
Fibrinogen 1.7-3.5 g/L 
Gamma glutamyl transferase (gGT) 0-65 U/L 
Glucose 4.0-5.4 mmol/L 
Haemoglobin (Hb) - male 
                              - female 

8.7-10.6 mmol/L 
7.5-9.9 mmol/L 

Lactate 0.5-2.2 mmol/L 
Lactate dehydrogenase (LDH) 114-235 U/L 
Magnesium 0.74-1.48 mmol/L 
pCO2 (arterial) 4.6-6.0 kPa 
pH (arterial) 7.35-7.45 
Phosphate 0.65-1.30 mmol/L 
Platelet count (PC) 150-350 x 109/L 
pO2 (arterial) 9.5-13.5 kPa 
Potassium 3.6-4.8 mmol/L 
Prothrombin time (PT) 11-16 seconds 
Sodium 132-144 mmol/L 
Urea 3.3-6.7 mmol/L 
White blood cell count (WBC) 4-10 x 109/L 
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Statistics 

Data are expressed as means with standard deviation (SD) or median and interquartile 

range (IQR) in case of skewed distribution. Differences between categorical variables 

were tested with a Chi-square analysis. To calculate differences between continuous 

variables, Student’s t-test (normal distribution) or Mann-Whitney U test (skewed 

distribution) were used. P values <0.05 were regarded as significant. Since the main 

purpose of our study was to define all laboratory abnormalities at different time points, 

we did not perform Bonferroni's correction for multiple testing. Receiver operating 

characteristic (ROC) curves were made for all laboratory values on postoperative day 

(POD) 1. Laboratory values measured on POD 1 after surgery were included in a 

multivariate logistic regression analysis when the area under the ROC curve was > 0.6. 
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RESULTS 

Patients 

The clinical characteristics of the 290 patients are summarised in Table 2. The mean 

age was 71 (±8) years. The mean APACHE-II score was 18 (±7) on ICU admission, 

being 23 (±8) for patients who died after surgery vs. 16 (±6) for those discharged from 

hospital (p<0.001). Intra-operative mortality was 11% (31/290) and hospital mortality 

was 34% (100/290), including the 31 patients who died intra-operatively. Table 3 

shows the main causes of death in relation to the times of death of the 100 non-

survivors. Haemorrhagic shock was the most common cause of death during, and in the 

first hours after surgery, whereas MOF with or without abdominal sepsis was the most 

common cause of death ≥24h after surgery. 

Laboratory Data 

We analysed 29 laboratory measurements in the 290 RAAA patients, with a total of   

49 726 laboratory values. For the survivors, we recorded 261 median laboratory values; 

namely, 29 measurements done on 8 days plus the day of discharge.  In 122 (47%) of 

the 261 medians, these values were not within the reference value range. For the non-

survivors we recorded 126 (54%) of 232 medians; namely, 29 measurements done on 8 

days. There were significant differences between the survivors and non-survivors in 95 

(41%) of the 232 medians that were compared. These abnormalities were clearly time-

dependent in the survivors and non-survivors. Deviations from the normal range and 

differences between survivors and non-survivors were evaluated according to the six 

categories defined in figures 1, 2, and 3. Electrolytes and some of the data not 

displayed in the figures are shown in Table 4. 

The following data are not discussed in this article: chloride and sodium, 

APTT, ALAT, AP, ASAT, and direct bilirubin. This is because chloride and sodium 

values were not clinically different between survivors and non-survivors, APTT has a 

similar pattern to PT (Figure 1), ALAT and ASAT have a similar pattern to LDH 

(Figure 3), AP has a similar pattern to gGT (Figure 3), and direct bilirubin has a similar 

pattern to total bilirubin. 
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Table 2. Clinical characteristics of the 290 patients who underwent repair of a ruptured 

abdominal aortic aneurysm  

 
Survivors 

N = 190 

Non-survivors 

N = 100 
P-value 

Demographic characteristics    

Age (yrs) 70 (±8) 73 (±7) 0.001 

Gender (male) 161 (85%) 87 (87%) NS 

Risk factors    

Platelet count before surgery 

(x 109/L) 
195 (±95) 161 (±102) 0.024 

Serum creatinine before 

surgery (μmol/L) 
131 (±100) 148 (±129) NS 

Suprarenal clamping 6 (3%) 12 (12%) 0.02 

No. of RBC transfusions 

during surgery 
8 (±7) 14 (±12) <0.001 

No. of platelet concentrate 
transfusions during surgery 

.17 (±.47) .27 (±.64) NS 

APACHE-II 16 (±6) 23 (±8) < 0.001 

Postoperative data    

Re-operations 34 (18%) 39 (39%) 0.007 

Sigmoid resection 11 (6%) 19 (19%) 0.005 

Rebleeding 11 (6%) 13 (13%) NS 

ICU length of stay (days) 
 

9 (±14) 

 

10 (±14) 

 

NS 

Hospital length of stay (days) 26 (±28) 10 (±14) < 0.001 

 

RBC: red blood cell unit, APACHE-II: Acute Physiology and Chronic Health Evaluation, ICU: 
intensive care unit 
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Table 3. Main causes of death in relation to time in the 100 non-survivors of a ruptured 

abdominal aortic aneurysm  

Main cause  Time of death 

(days)* 

Number of  deaths  according to  
phase 

  Intra-
operative 

<24h at 
ICU 

≥ 24h  

Haemorrhagic shock 0.2 (±0.4) 31 5  

Brain death  4   1 

Sigmoid necrosis with MOF 6 (±7.9)  1 10 

Renal failure (no RRT) 6.7 (±3.5)   3 

Pneumonia 9   1 

Pulmonary embolism 10.5 (±7.8)   2 

Gastro-intestinal bleeding 10.5 (±6.4)   2 

Multiple-organ failure † 13.5 (±11.1)  5 18 

Abdominal sepsis with MOF 17 (±6.2)   7 

Cardiogenic shock 17.3 (±5.7)   4 

Respiratory failure 21.6 (±8.1)   5 

Infected aortic graft with MOF 37 (±33.8)   5 

Total  31 11 58 

 

When there were multiple causes of death, the prime cause was selected. RRT: renal 
replacement therapy. * Mean (± standard deviation) or the day the patient died  † Multiple-organ 
failure without sepsis. MOF: Multiple-organ failure 
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In the haematology and coagulation category, the following differences were 

seen: Haemoglobin was decreased in both groups, but it was lower at all times in the 

non-survivors. The platelet count dropped in the first days after surgery and failed to 

recover in non-survivors.  Leukocyte counts were slightly increased, with no clear 

time-dependent changes or differences between survivors and non-survivors. 

Fibrinogen dropped initially and then increased after 2 days to supra-normal values, 

which were slightly higher in the survivors. PT increased immediately after the 

operation in the non-survivors. At discharge almost all the laboratory values in the 

haematology and coagulation category had returned to normal in the survivors, except 

for haemoglobin, which was still low (Figure 1, Table 4).  

As a measurement that reflects systemic inflammation, CRP increased 

immediately, to much higher levels in the non-survivors peaking on PODs 3 and 4. The 

median CRP remained above the reference value until discharge in the survivors 

(Figure 1).   

In the metabolic category, the following differences were seen: pH and 

bicarbonate showed a marked metabolic acidosis, which recovered during the first 

week after surgery and was more pronounced in the non-survivors throughout this 

period. Analogously, lactate levels increased immediately, to much higher levels in the 

non-survivors. Lactate was almost never measured at the time of discharge. The pO2-

levels were initially elevated and returned to normal after 2 days, with no differences 

between survivors and non-survivors. Glucose levels were elevated in the survivors 

and non-survivors, especially in the first 2 days. No differences or changes were noted 

in pCO2 levels (Figure 2, Table 4). 

 In the renal category, both creatinine and urea were persistently elevated from 

POD 1 to POD 7 in the non-survivors, whereas in the survivors, creatinine remained 

low and urea was only slightly elevated after surgery, but returned to normal by the 

time of discharge (Figure 2, Table 4). 

In the liver category, the following changes were seen: LDH was increased in 

both groups, both more so in the non-survivors from day 2 onwards. There was a time-
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dependent rise in gGT, which was largely within the reference values. Remarkably, the 

rise in gGT was higher in survivors than in non-survivors, which persisted until 

discharge. In fact, of all the laboratory values analysed, gGT was the only one that 

showed a larger deviation from the reference values in survivors than in non-survivors. 

Total bilirubin increased gradually above the reference values during the first week, 

especially in the non-survivors. Albumin decreased immediately after surgery and 

remained unchanged during the first week, with lower levels in the non-survivors 

(Figure 3). 

In the electrolyte category the following differences were seen: Calcium was 

lower in the non-survivors from POD 2 to POD 6. Magnesium was higher in the non-

survivors from POD 5 to POD 7. Phosphate was higher in the non-survivors from day 

0 to POD 4 (Table 4).  

 The area under the ROC curve was more than 0.6 in nine laboratory 

measuremernts; namely, APTT, total bilirubin, creatinine, lactate, phosphate, pH, 

potassium, PT, and urea. In addition to these laboratory values, age, APACHE-II score, 

number of RBC transfusions during surgery and suprarenal clamping and platelet count 

before surgery were included in the multivariate analysis because of significant 

differences, as outlined in Table 2. After stepwise logistic regression analysis, age, 

APACHE-II score, number of RBC transfusions during surgery and serum potassium 

level remained significant and were identified as an independent predictor of death 

after RAAA. The odds ratios with a 95% confidence interval were as follows: age, 1.07 

(1.02-1.13); number of RBC transfusions, 1.05 (1.01-1.10); APACHE-II score, 1.16 

(1.09-1.23); and potassium, 2.64 (1.41-4.95) 

To classify the various time-dependent laboratory abnormalities in RAAA 

patients, we summarised them in Figure 4. Five major pathological processes were 

responsible for important laboratory derangements. Important laboratory abnormalities 

were seen after RAAA surgery in all patients, but they were more pronounced in the 

non-survivors. 
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Figure 1. Haematology and inflammatory measurements in the 290 patients who underwent 
surgery for a ruptured abdominal aortic aneurysm. * p<0.05, open squares=survivors (n=190) 
and closed squares=non-survivors (n=100). D, laboratory values in survivors at discharge. Hb, 
haemoglobin; PT, prothrombin; CRP, C-reactive protein 
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Figure 2. Renal and metabolic measurements in the 290 patients who underwent surgery for a 
ruptured abdominal aortic aneurysm. * p<0.05, open squares=survivors (n=190) and closed 
squares=non-survivors (n=100). D, laboratory values in survivors at discharge.  
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Figure 3. Liver function test measurements in the 290 patients who underwent surgery for a 
ruptured abdominal aortic aneurysm.* p<0.05, open squares=survivors (n=190) and closed 
squares=non-survivors (n=100). D, laboratory values in survivors at discharge, but this was not 
available for lactate. LDH, lactate dehydrogenase; gGT, gamma-glutamyltransferase 
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Figure 4. Pathological processes in the 290 patients who underwent surgery for a ruptured 
abdominal aortic aneurysm.Summary of patterns and duration of the different pathological 
responses leading to abnormalities in laboratory values 
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DISCUSSION 

We confirmed distinct laboratory responses in all patients who underwent RAAA. The 

laboratory data were more abnormal in the non-survivors than in the survivors, 

although they were often outside the reference range in the survivors as well. To our 

knowledge, this is the first study to chart these changes comprehensively. The main 

goal of our study was to perform univariate analysis of all routine laboratory 

measurements at different time-points. Many of the univariate comparisons revealed a 

significant difference with a two-sided p-value of < 0.05.  When using a p-value of 

0.05 as a matter of chance, we would expect 5% or 12 comparisons out of the 232 

comparisons between survivors and non-survivors to be significant.  In reality, we 

found that not 12, but 95 of the 232 comparisons showed a significant difference, 

underscoring that many laboratory values differ between survivors and non-survivors. 

This study did no aim to identify prospective measurements that predict death, but if 

we focus only on day 0 or POD 1, the following variables were differed significantly 

between survivors and non-survivors: Hb, fibrinogen, pH, PT, lactate, creatinine, urea, 

phosphate, and potassium.  The most apparent reasons for the differences in these 

values were blood loss and diffuse intravascular coagulation, accounting for Hb, 

fibrinogen and PT; lactic acidosis, accounting for pH and lactate; and acute renal 

failure, accounting for creatinine, urea, phosphate, and potassium. 

Although our main purpose was univariate analysis, we also performed 

multivariate analysis, after which age, APACHE-II score, RBC transfusions during 

surgery, and potassium remained an independent predictor for outcome. Age, 

APACHE-II score, and blood-loss reflected by RBC transfusions during surgery are 

well known independent predictors of mortality in many surgical patients. The fact that 

potassium remains the only independent biochemical value that predicts outcome also 

underscores the limitations of multivariate analysis in this study of 29 biochemical 

values. For multivariate analysis, Altman suggests that multiple regressions should not 

be applied to small data sets, and that the number of tested variables should be no more 

than the square root of the sample size or than the sample size divided by 10 (104). 

This explains why only a few values on POD 1 were independent predictors of 
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outcome with multivariate analysis in our series. It may also underscore the strong 

interrelationship of the laboratory values measured. Obviously, our data set did not 

allow multivariate analysis at multiple time points after POD 1.  

We chose to aggregate the laboratory responses according to the six categories 

in this study. Obviously, there will be extensive overlap when artificial classifications 

are used. For example, the white blood cell count may be a haematological measure or 

an inflammatory measure. Similarly, albumin can be regarded as a measure of 

metabolic or inflammatory liver dysfunction. The categories we chose are strongly 

related to the causes of death as patients suffer, and subsequently die of massive 

haemorrhage, mainly during and within 24h after surgery, whereas inflammatory 

response and MOF occur more than 24h after surgery (Table 3). 

Haematology and Coagulation 

Several laboratory variables showed that non-survivors suffered from more extensive 

bleeding than survivors, as underscored by the multivariate relationship between RBC 

transfusions and mortality. Severe coagulation disturbances were also seen more 

frequently in non-survivors post-surgery, leading to relatively high mortality within the 

first 24 hours (Table 3). The pre-operative platelet count was lower in the non-

survivors than the survivors, as reported in other studies (105,106).  Fibrinogen, and PT 

were also significantly more disturbed in the non-survivors, as reported in several other 

studies on RAAA patients (105,107,108). A low postoperative platelet count reflects 

intra-operative blood loss and disseminated intravascular coagulation (DIC). The 

increasing platelet count seen later in the non-survivors was probably the result of 

ongoing systemic inflammation (109). Rebleeding occurred relatively infrequently in 

this cohort of RAAA patients, since only 8% (24/290) of our patients required 

reoperation for this complication. 

Systemic Inflammation 

CRP, a commonly used marker of inflammation, was increased in the survivors and 

non-survivors, indicating severe systemic inflammation. Non-survivors had a more 

severe and longer duration of severe inflammation (Figure 1). Accordingly, CRP was 
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significantly higher in the non-survivors on PODs 3 and 4. The serum concentration of 

CRP correlates with the clinical course of infection (110). The platelet count decreased 

after surgery and remained low in the non-survivors, primarily as a result of systemic 

inflammation (109). Serum albumin is also decreased as a result of redistribution and 

down-regulation in severe inflammation and is associated with poor outcome in 

critically ill patients (111). 

Metabolism 

Aortic cross-clamping causes ischaemia and reperfusion injury to distal tissues (112). 

The massive blood transfusions and haemorrhage in RAAA patients augment the tissue 

damage. The ischaemia reperfusion injury is reflected by lactate acidosis and elevated 

enzymes (Figures 2 and 3). Serum lactate is an important prognostic value in critically 

ill patients, trauma patients and RAAA patients immediately after the operation (113-

117). Accordingly, the serum lactate levels were higher on day 0 to POD 4 in the non-

survivors, indicating more profound tissue hypoperfusion. These metabolic and acid-

base abnormalities take a long time to recover, as shown by the course of pH post-

surgery.  

Acute Renal Failure 

Acute renal failure (ARF) characteristically developed within 2 days and was reflected 

by a significant increase in serum creatinine and urea. Gordon et al reported an 

incidence of ARF of 15% in 91 patients who underwent RAAA surgery (118). ARF is 

associated with high mortality, ranging from 38-87%, in  RAAA patients (108,118-

121). Preoperative renal dysfunction is also associated with a poor outcome (122-124).  

Liver Failure 

Liver failure was reflected by a late increase in LDH, gGT, and bilirubin (Figure 3). In 

ICU patients in general, liver failure develops late in the MOF cascade (125). Sprung et 

al. reported poor outcome in patients undergoing elective AAA repair if they had liver 

function test abnormalities (126). In a limited number of acute AAA patients, it is also 

associated with high mortality (127). Durrani et al reported a 3% incidence of liver 
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failure after RAAA repair (128). We cannot explain why gGT was one of the only two 

measurements that deviated more from the reference values in the survivors than the 

non-survivors. The isolated increase in bilirubin without other liver function 

abnormalities in these patients may be the result of haemolysis of transfused blood and 

resorption of the retroperitoneal haematoma that exists in almost all patients (129). 

Electrolytes 

The differences in electrolytes were less pronounced. One possible explanation for this 

is that electrolytes depend heavily on infusion rates or renal replacement therapy. The 

differences in phosphate and potassium were probably attributable to the higher rate of 

renal failure in the non-survivors (130). The fact that only potassium emerged from the 

multivariate analysis as an independent laboratory predictor of mortality on POD 1 is 

of little consequence since the median potassium levels in survivors and non-survivors 

differed by only 0.2 mmol/L and both were within the reference values. 

In general, when the surviving patients were discharged from hospital after 

about 1 month, most of their laboratory values had normalised, the most notable 

exceptions being a decreased haemoglobin value, a mildly increased CRP value, and 

discrete liver enzyme abnormalities.  

In conclusion, RAAA patients show well-defined laboratory responses after 

surgery, starting with haematological and coagulation abnormalities, and followed by 

inflammatory, metabolic, renal, and finally liver derangement. These abnormal values 

are more prominent in non-survivors, although survivors also show a wide range of 

laboratory abnormalities. We believe that recognition of these abnormalities is 

important since it may help to identify and predict post-operative complications early.  




