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General introduction

Abdominal aortic aneurysm
An aortic aneurysm is defined as a full thickness dilatation of the abdominal aorta of 
more than 3.0 cm. In general, the benchmark for elective treatment is an aneurysm 
wider than 5.5 cm for men and 5.0 cm for woman, or a growth rate exceeding more than 
1 cm per year1.

In the last century major advances have been made in the treatment of vascular 
diseases. One of these vascular diseases is abnormal widening of the aorta or any other 
artery (aneurysm). This potentially fatal condition was first mentioned by the Egyptians 
around 2000 BC and physicians were advised for aneurysm of small arteries: ‘Treat it 
with a knife and burn it with a fire so that it bleeds not too much’2. Since then, different 
therapies have been proposed such as ligation of the involved vessel, needling of the 
aneurysm wall, leaving iron or copper wire in the aneurysm and inducing coagulation 
by attaching the wire to a battery, and wrapping the aneurysm with cellophane. These 
therapies were thought to cause thrombosis or fibrosis of the aneurysm wall but often 
resulted in the loss of limbs or even death.

Since then, the aim of treatment of an abdominal aortic aneurysm remained the 
prevention of rupture. Nowadays, the decision when to treat the aneurysm depends on 
the risk of rupture and the risk of the surgery. For example, if the risk of surgery would 
be higher compared to the risk of rupture the surgeon and patient would be taking 
unnecessary risk.

Advancements in aortic surgery
During open surgery, in general, an abdominal incision is made and the aorta proximal 
and distal to the aneurysm is clamped. The aneurysm sac is opened and the graft is 
anastomosed both proximally and distally after which the aneurysm sac is closed 
covering the graft after which the abdomen is closed.

After the first aorta coarctation resection and anastomosis in the mid-forties, 
development of other vascular procedures rapidly followed3. The first successful 
abdominal aortic aneurysm with replacement of the aorta using a human homograft 
was performed in 1951 by Dubost4. With the development of graft preservation, artery 
tissue banks were established but availability remained a problem3. In the mid-fifties, 
Edman, a textile engineer, and DeBakey, a renowned surgeon, studied various graft 
materials and ultimately build a knitting machine to manufacture the first woven graft, 
the Dacron graft5. The more advanced Dacron grafts in various shapes and sizes are still 
used today for open repair of aortic abdominal aneurysm (Figure 1A)6.
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One of the most recent advancements in vascular surgery was the transfemoral 
introduction of an intraluminal stent graft. The first (thoracic) endovascular aneurysm 
repair (EVAR) was performed by Volodos in 19877. EVAR is a less invasive treatment 
compared to open repair and has been adapted by many medical centers around the 
world nowadays8, 9 (Figure 1B). Besides the benefit of being less invasive, this procedure 
can also be performed under local anesthetics which is highly preferable in high 
morbidity patients.

FIGURE 1 Treatment modalities for abdominal aortic aneurysms6

Treatment considerations
The timing of treatment of infrarenal aortic aneurysms was studied in two large trials; 
the Aneurysm Detection and Management (ADAM) Veterans Affairs Cooperative trial10, 

11 and the UK Small Aneurysm Trial12. These trails show no survival benefit of treatment 
compared to surveillance for patients treated for smaller aneurysms (4.0-5.5cm) both at 
short-term as well as long-term follow-up.

Another issue is choosing the right treatment modality for the right patient. Open AAA 
repair has traditionally been the first choice but in the last decades this has shifted to 
EVAR. Recent multicenter trials have shown a three-fold reduction in mortality after 
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EVAR compared to open surgery in the short-term13. The EVAR14, DREAM15, OVER16 
and ACE17 trials showed a 30-day mortality of 0.2-1.7% for EVAR and 0.7-4.7% for open 
surgery. The survival benefit was not maintained in the long-term (2-6 years). This might 
be explained by the high rate of cardiac co-morbidity in aneurysm patients which is the 
most common cause of mortality during follow-up followed by malignant diseases18. 
It might also be explained by the higher rate of re-interventions and aneurysm related 
deaths during follow-up in patients treated with EVAR compared to open surgery12.

An intact aortic aneurysm is generally asymptomatic but can become symptomatic 
and subsequently rupture. Rupture is a life-threatening condition with a population 
based mortality of almost 80%19. Over 30% of patients with a ruptured aortic aneurysm 
die before reaching the hospital. The combined in-hospital and 30-day mortality is 
around 30% for patients who have been treated for their ruptured aortic aneurysm in 
the Netherlands20. The shift of treatment modality for ruptured aneurysms from open 
surgery to EVAR has been more controversial in comparison with the treatment shift of 
elective aneurysms. A multicenter randomized controlled trial, the AJAX trial, showed 
no significant difference between the two treatment modalities. Also in the ECAR trial 
for ruptured aneurysms no differences between EVAR and open surgery were found21. 
Patients treated with EVAR did show lower total respiratory support time, pulmonary 
complications and days of admission at the ICU compared to patients treated with open 
surgery. Another important advantage of EVAR is the option of treating the patient under 
local anesthesia instead of general anesthesia which can cause more  hemodynamical 
instability. This could allow the surgeon the time for placing an endoclamping balloon 
inside the aorta or the EVAR entirely.

OUTLINE OF THIS THESIS

Part 1: Risk assessment in aortic surgery
Deciding if and when to operate a patient and with what type of operation is the one of 
biggest challenges in vascular surgery. To assist this process, identifying risk factors for 
post-operative adverse outcomes combined in a risk model can give a more detailed and 
uniform insight of the risks prior to surgery.  To differentiate post-operative outcomes 
of patients with ruptured abdominal aneurysm treated with EVAR or open surgery, we 
identify in chapter 2 easy-to-obtain variables in the pre-operative setting as risk factors 
for short-term mortality and adverse events.

Following on this, for clinicians who are responsible for a patient with a ruptured 
abdominal aneurysm this decision making process is of an acute nature and needs 
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to be relatively fast. Criteria for treatment could differ per hospital or region and per 
cultural setting. In addition to this, the decision whether or not to operate is rather 
crude. Withholding treatment for a patient results generally in death. In this perspective 
it can be very informative to have a risk model predicting the chances for survival. Such 
a model can potentially also identify patients who were previously turned down for 
treatment but actually have a better chance of survival than suspected at first glance. In 
chapter 3 we present a new and practical risk model to calculate the chances of survival 
after treatment for a ruptured abdominal aneurysm; The Dutch Aneurysm Score.

Risk models were previously published with varying standards of reporting. To uniform 
this, tools like the Transparent Reporting of a multivariable Prediction model for 
Individual Prognosis Or Diagnosis (TRIPOD), the seven steps for development of a risk 
model and ABCD for validation were introduced22, 23. With these tools for the statistical 
analysis for risk models a sound and reliable risk model can be created. In chapter 4 we 
describe the most important tools and pitfalls for developing a risk model. In addition, 
we looked at all the already existing risk prediction models for elective abdominal aortic 
surgery and acute abdominal aortic surgery. An extensive overview of the included risk 
factors, study characteristics and risk model formula are given to fully comprehend the 
differences between these risk models. As such the physician can easily judge what the 
most appropriate risk model is for her or his clinical practice.

A more complex type of aortic aneurysm is a juxtarenal aortic aneurysm. This kind of 
aortic aneurysm extends up to, but does not involve the renal arteries, necessitating 
interrenal or suprarenal clamping24. In case of endovascular treatment it demands 
some kind of branching. Since 2013, the Dutch Surgical Aneurysm Audit (DSAA) has 
been established. This is a nationwide mandatory audit for all patients treated for an 
aortic aneurysm in the Netherlands25. The aim of this audit is to gain insight into the 
quality of aneurysm surgery and to stimulate improvement processes by mirroring 
information to the participating hospitals. The combined short term mortality of 
infrarenal and juxtarenal aneurysm treatment within the DSAA is 1.9%. As juxtarenal 
aneurysm surgery are more complex procedures and juxtarenal aneurysm account for 
15% of all aneurysms one would except more available literature describing outcomes 
after juxtarenal aneurysm treatment specifically26. In chapter 5 we present an overview 
of the short-term outcomes after juxta-renal aneurysm treatment, with either open 
surgery or endovascular treatment in the Netherlands.

A potentially fatal complication in vascular surgery is colonic ischaemia. This complication 
can develop after aortic surgery, open or EVAR, and occurs more frequently after treating 
an acute aortic abdominal aneurysm compared to elective aortic aneurysm surgery. To 
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lower mortality after aortic surgery prompt diagnosis of colonic ischaemia is eminent27. 
Clinical presentation, for example bloody diarrhea, lacks accuracy in diagnosing colonic 
ischemia28. Sigmoidoscopy or colonoscopy is a test most often used in daily practice 
but it is unclear what the accuracy is of this test in diagnosing full-thickness colonic 
ischemia needing colonic resection. In chapter 6 we combine all available evidence on 
this subject and describe a diagnostic test accuracy meta-analysis to show the accuracy 
of a routine endoscopy after aortic surgery diagnosing colonic ischaemia in electively 
treated patients as well as patients treated in an emergency setting.

Part 2: Risk assessment in vascular surgery
Instead of discussing specific risk factors and mortality for aortic aneurysm patients, 
there are multiple risk factors clinically relevant for vascular surgery in general. Most 
pathology in vascular surgery involve dilating or stenotic/occluding vascular disease. 
The risk to develop vascular disease is increased by, for example, smoking, hypertension, 
dyslipidemia, diabetes and positive family history29. These risks factors do not only 
cause vascular disease but also increase the chance of cerebrovascular, lung and cardiac 
disease which can influence the prognosis of these patients as well. This was reason to 
research more general risk factors for adverse outcomes after treatment for vascular 
disease so prognosis of more patients can be estimated.

Next to measuring risk factors in the pre-operative setting, it can be measured around 
the time of hospital discharge. This allows for the identification of risk factors which 
potentially take into account the impact of the operation and the severity of illness in 
the post-operative period. In critically ill medical and surgical patients in general this 
is a known concept and has strong associations with long-term outcomes30, 31. One of 
these risk factors associated with long-term outcomes in critically ill patients is the Red 
cell Distribution Width (RDW). RDW is a measurement of the variation of red blood cell 
size and is associated with inflammatory mediators32-34. These inflammatory mediators 
can elevate when the patient undergoes major surgery or complications. RDW is also 
known to be associated with developing different kinds of cardiovascular diseases35-37. 
As critically ill vascular surgery patients are a fragile patient group with known high out-
of-hospital adverse events, we present in chapter 7 the association between the RDW 
measured at hospital discharge and post-discharge adverse events38.

In contrast to the more chronic elevation of RDW by critical illness, eosinopenia 
is a marker for acute inflammation39. When measured at intensive care admission 
eosinopenia is a prognostic marker for sepsis and mortality in critically ill patients, more 
specifically patients with bacteremia or acute cerebral infarction40-43. Due to substantial 
preexisting co-morbidities and age, critically ill vascular surgery patients who have been 
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exposed to major surgery have an high risk of adverse events44. We present in chapter 8 
the association between eosinopenia at intensive care admission and out-of-hospital 
adverse events to identify these high risk patients.

Another major risk for mortality in vascular surgery is lack of physical activity. For 
example, poor preoperative functional status is known to be associated with a higher 
short-term mortality in patients with critical limb ischemia and in patients treated with 
EVAR for an abdominal aortic aneurysm45, 46. Most studies focus on the association with 
short-term adverse events post-surgery, but the relationship with long-term events 
is not well established. In chapter 9 we show the association between the functional 
status at hospital discharge measured by a licensed physiotherapist and post-discharge 
adverse events in non-cardiac vascular surgery patients.

If one considers physical fitness as a prognostic issue in vascular surgery patients, 
nutritional status should also be considered a vital component in the recovery and 
survival of vascular surgery patients. Malnutrition in hospitals is a common problem 
that affects complication rates and mortality negatively47. This association is especially 
apparent in patients who are critically ill or are of older age which most of vascular 
surgery patients are48, 49. As with functional status, current data on malnutrition in 
vascular surgery patients mainly focus on short-term complications and mortality, but 
not on what occurs after discharge. We show in chapter 10 the association between 
different kinds of post-operative malnutrition and out-of-hospital outcomes in non-
cardiac vascular surgery patients.

In the general discussion, chapter 11, the results of the different studies are discussed. 
Implications for clinical practice and suggestions for improvements in the prognoses 
of vascular surgery patients bare given. In chapter 12 a summary of this thesis is given.
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ABSTRACT

Objective/background
Endovascular aneurysm repair (EVAR) for ruptured abdominal aortic aneurysm (rAAA) 
has faced resistance owing to the marginal evidence of benefit over open surgical repair 
(OSR). This study aims to determine the impact of treatment modality on early mortality 
after rAAA, and to assess differences in  postoperative complications  and long-term 
survival.

Methods
Patients treated between January 2000 and June 2013 were identified. The primary 
endpoint was early mortality. Secondary endpoints were postoperative complications 
and long-term survival. Independent risk factors for early mortality were calculated 
using multivariate  logistic regression. Survival estimates were obtained by means 
of Kaplan–Meier curves.

Results
Two hundred and twenty-one patients were treated (age 72 ± 8 years, 90% male), 83 
(38%) by EVAR and 138 (62%) by OSR. There were no differences between groups at 
the time of admission. Early mortality was significantly lower for EVAR compared with 
OSR (odds ratio [OR]: 0.45, 95% confidence interval [CI]: 0.21–0.97). Similarly, EVAR was 
associated with a threefold risk reduction in major complications (OR: 0.33, 95%CI: 0.15–
0.71). Hemoglobin level <11 mg/dL was predictive of early death for patients in both 
groups. Age greater than 75 years and the presence of shock were significant risk factors 
for early death after OSR, but not after EVAR. The early survival benefit of EVAR over OSR 
persisted for up to 3 years.

Conclusion
This study shows an early mortality benefit after EVAR, which persists over the mid-
term. It also suggests different prognostic significance for preoperative variables 
according to the type of repair. Age and the presence of shock were risk factors for early 
death after OSR, while hemoglobin level on admission was a risk factor for both groups. 
This information may contribute to repair-specific risk prediction and improved patient 
selection.
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INTRODUCTION

Since the introduction of endovascular aneurysm repair (EVAR) in 1991 by Volodos 
et  al.1  and Parodi et  al.2,  the use of this less invasive treatment for infra-renal  aortic 
aneurysms has expanded significantly. Nowadays, >60–70% of all elective abdominal 
aortic aneurysm  (AAA) repairs are performed with EVAR3, 4.  This is not the case for 
ruptured AAA (rAAA), for which the use of EVAR has not yet achieved generalized 
acceptance5, 6. In general, rAAA are frequently fatal with a mortality of up to 80%7, but 
patients surviving until they receive hospital care, might expect to benefit from 
a minimally invasive technique.

For elective surgery, randomized trials have demonstrated a nearly uniform threefold 
reduction in peri-operative mortality and prolonged survival benefit for EVAR over 
open surgical repair (OSR), which is maintained for at least 2 years8, 9.  These results, 
also confirmed by large registries and national audits10, have justified a shift towards 
a preferential use of EVAR. For rupture, however, evidence of a similar advantage is still 
lacking.

The aim of this study was to determine the impact of treatment modality on early 
mortality after rAAA repair, and to evaluate the differences in the prognostic capacity 
of preoperative variables in determining early survival for EVAR and OSR. Additionally, 
we investigated the differences in major postoperative complications and assessed any 
survival advantage related to treatment modality during follow-up.

METHODS

The study complied with the Declaration of Helsinki. According to our institutional 
guidelines, no formal ethical approval was required.

Patients
The study population consisted of all consecutive patients who underwent AAA 
repair between January 2000 and June 2013 at a single, tertiary institution. For this 
study, only patients with confirmed rAAA were included. Some of these patients have 
previously been included in a published 20-year overview of institutional trends in the 
management of rAAA7. Patients with  infected aneurysms and those having had prior 
aneurysm repair were excluded from the analysis.
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Data collection
All possible operation codes and surgical reports were retrospectively retrieved, and 
hospital charts and computed tomography angiographies (CTAs) were checked for the 
presence of rupture. If confirmed, patient demographics, clinical baseline characteristics, 
intraoperative details, and clinical and laboratory outcome were obtained. Baseline 
characteristics on admission included age, gender, state of consciousness, blood 
pressure, and pulse rate. Duration from the emergency room (ER) to the operating 
theatre, operation duration, body temperature, blood pressure and pulse rate during 
operation, type of anesthesia, blood loss, and usage of blood products and fluids were 
derived from operative and anesthesia reports. Laboratory results on admission were 
also obtained.  Postoperative complications  and events were retrieved from hospital 
registries. Survival status and the exact date of death of treated patients were obtained 
via the national civil registry.

Missing data
Baseline data that were not retrievable were analyzed for differences between the OSR 
and EVAR groups. There were no significant differences in the number of missing data in 
either group, except for blood loss and the volume of intraoperative transfusion, owing 
to a lack of documentation about minimal blood loss and transfusions needed with an 
EVAR procedure. Only variables with <3% missing data were included in multivariate 
models.

Institutional management of rAAA
The Erasmus University Medical Center is a tertiary teaching institution with full capacity 
for endovascular and open  vascular surgery  (24 hours a day/7 days a week), serving 
about 1.5 million people living in the Rotterdam and surrounding area. Owing to the 
characteristics of the institution, a relatively high proportion of AAA repairs are done for 
rupture. Although the logistics involved in EVAR have been adapted and improved over 
time, the capacity to offer both treatment options was present throughout the entire 
study period. This made EVAR available for any anatomically suitable patient on any day 
and at any time. The choice of treatment is individualized, but preference is generally 
given to EVAR in older patients.

If a patient presents at the ER with a suspected rAAA, the on-call surgical team is 
informed. On arrival of the patient in the ER, an ultrasound of the abdominal aorta is 
done to confirm the presence of an  aortic aneurysm  if the patient is not known to 
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have an AAA. Otherwise, a CTA can be performed immediately. Patients are managed 
by  permissive hypotension  in the ER, and  resuscitation  is started only if the patient 
becomes unconscious.

According to protocol, a multi-slice CT scanner is used for rAAA CTA. The patient is scanned 
from nipple to pubic symphysis with a collimation of 118*0.6, and plain and contrast 
series are acquired after administering 120 mL of Visipaque 320 contrast. Anatomical 
suitability for EVAR is determined by the surgeon's expectations and experience. In 
anatomically complex cases, or whenever time allows, a dedicated post-processing 
workstation (3Mensio Vascular 4.2 software; 3Mensio Medical Imaging, Bilthoven, the 
Netherlands) is available for sizing and planning. After diagnosis, informed consent is 
obtained whenever possible.

Aneurysm repair is performed either by consultant vascular surgeons or by residents 
during their vascular sub-specialization under the direct supervision of a consultant 
vascular surgeon. For EVAR, repair is performed in the operating theatre using a mobile 
C-arm. Preference is given to local anesthesia for EVAR, although the decision depends 
on the individual case.

For OSR, a midline transperitoneal approach is preferred, and aorto-aortic or aorto-
bi-iliac reconstruction is performed depending on the presence of concomitant  iliac 
aneurysms. Postoperatively, intra-abdominal pressure using a vesical pressure probe is 
only checked when there is clinical suspicion of abdominal compartment syndrome.

Definitions
Rupture was defined by either direct visualization of fresh blood in the retroperitoneal 
or peritoneal compartments during OSR, or visualization of peri-aortic hematoma on 
the immediate preoperative CTA11. Early mortality was defined by in-hospital mortality 
or death within 30  days of surgery. Major complications were defined as one of the 
following: respiratory; cardiac; cerebrovascular; renal failure (estimated  glomerular 
filtration rate [eGFR] < 30); abdominal; wound; bleeding-related; lower limb ischemia; 
graft-related. Endovascular complications and EVAR-related adverse events were 
classified according to the reporting standards for EVAR by Chaikof et al12. The shock 
index  was calculated by dividing the heart rate by  systolic blood pressure, and was 
calculated from the first heart rate and blood pressure recorded on arrival in the ER13.

Endpoints
The primary study endpoint was early mortality. Secondary endpoints were early major 
complications and overall survival during follow-up.



28

Chapter 2

Statistical analysis
Categorical variables are presented as counts and percentages, and compared with chi-
square tests. Continuous variables are presented as means  ±  standard deviation and 
compared with Student  t  tests; or as median and interquartile range, and compared 
with Mann–Whitney  U  tests if the distribution was non-parametric. The influence of 
missing data on results was tested by comparing the outcome of patients with missing 
data to those with complete data sets. A logistic regression model was used to assess 
the proportional outcome risk associated with EVAR. Variables associated with 30-day 
in-hospital mortality were tested in univariate analysis by type of repair, and significant 
variables were introduced in a multivariate logistic regression model to determine 
independent significance. From the beginning of the study period the implementation 
of EVAR evolved and the number of patients undergoing the procedure increased. 
As a result, the year of operation was used as a co-variable to adjust for the growth in 
patients treated with EVAR every year. A graph of the proportion of the groups per year 
and the mortality rates per year of both groups is shown to illustrate the changes in 
both groups during the study period. Overall survival during follow-up was estimated 
using Kaplan–Meier tables, and survival after EVAR versus open repair was compared 
using the log-rank (Mantel–Cox) statistical test.

RESULTS

From January 2000 to June 2013, 878 patients underwent AAA repair at our institution. 
The study sample of rAAA included 221 patients with a mean age of 72 ± 8 years (90% of 
whom were men). Of these 221 patients, 138 were treated with OSR and 83 with EVAR. 
The demographics and clinical characteristics of patients on admission did not differ 
significantly between groups (Table 1).

Intraoperative details
Within the OSR group, 13 (9%) intraoperative deaths occurred, while in the EVAR 
group four (5%) deaths occurred (p =  .21;  Table 2). Most deaths occurred as a result 
of severe hemorrhagic shock. Intraoperative complications were observed in 15 (11%) 
and 10 (13%) patients after OSR and EVAR, respectively (p = .48). These complications 
differed significantly between groups.  Thrombosis  (n  =  7) and iatrogenic  arterial 
lesions or dissection  (n = 6) were the most frequent intraoperative complications for 
the OSR group; in the EVAR group, the main intraoperative complications were type 
I/III  endoleaks  (n  =  6). Large differences were observed between the two treatment 
groups regarding the duration of operation, estimated intraoperative blood loss, and 
the intraoperative consumption of blood products and fluids (p < .001; Table 2).
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TABLE 1. Preoperative baseline characteristics on admission.

Variable
OSR

n = 138
EVAR
n = 83 p

Age

Mean ± SD 71.9 ± 7.8 72.1 ± 8.2 .89

>75 y, n (%) 46 (33) 29 (35) .81

Male gender, n (%) 123 (89) 68 (93) .37

Unconsciousness, n (%) 4 (3) 1 (1) .65

Cardiopulmonary resuscitation before OR, n (%) 1 (1) 0 (0) 1

Hemodynamic statusa

Systolic blood pressure, mean ± SD 114 ± 37 115 ± 37 .81

Diastolic blood pressure, mean ± SD 69 ± 26 67 ± 21 .55

Heart rate (bpm), mean ± SD 85 ± 22 88 ± 25 .37

Shock index > 1b 31 (24) 29 (36) .05

Hemoglobin (g/dL)

Median (IQR) 11.1 (9.4–12.6) 11.8 (9.6–13.3) .10

<11, n (%) 60 (46) 31 (42) .59

Coagulation

INR ≥ 1.5, n (%)c 33 (28) 24 (33) .52

Platelet count (×103/μL), median (IQR)a 177 (135–235) 196 (154–256) .008

eGFR

Median (IQR) 61 (45–77) 63 (46–75) .96

< 60, n (%) 68 (53) 37 (51) .86

Leukocytes (×103/μL), median (IQR)c 12.0 (9.0–16.3) 12.5 (8.5–16.3) .69

CRP (mg/dL), median (IQR)c 11 (5–47) 14 (4–70) .58

Time from ER to OR (mins)d 50 36 .023

Note. OSR = open surgical repair; EVAR = endovascular aneurysm repair; OR = operating room; BPM = beats per 
minute; IQR  =  interquartile range; INR  =  international normalized ratio; eGFR  =  estimated  glomerular filtration 
rate; CRP = C reactive protein; ER = emergency room.
a Missing 1–3% of baseline data.
b Heart rate/systolic blood pressure.
c Missing 3–15% of baseline data.
d Missing >15% of baseline data.

Early survival
Early death occurred in 55 patients (40%) and 20 patients (24%) for OSR and 
EVAR, respectively. After adjusting for age, gender, eGFR, hemoglobin (Hgb) 
and hemodynamic status, and year of operation, EVAR was associated with a twofold 
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TABLE 2. Intraoperative characteristics.

Variable OSR EVAR p

Duration of surgery (h), median (IQR)a 3.42 (3.07–4.46) 2.46 (2.20–3.57) <.001

Blood loss (mL), median (IQR)b 4,500 (2,050–8,875) 200 (0–500) <.001

Red blood cell concentrates, median (IQR)b 6 (3–11) 2 (0–4.5) <.001

Plasma units, median (IQR)b 6 (2–10) 0 (0–2) <.001

Platelet units, median (IQR)b 1 (0–5) 0 (0–0) <.001

Crystalloids, median (IQR)b 4,000 (2,500–7,000) 1,500 (1,000–2,125) <.001

Colloids, median (IQR)b 1,500 (1,000–2,000) 500 (0–1,000) <.001

Body temperature at end of 
surgery, °C, median (IQR)b

35.9 (35.0–36.5) 36.00 (35.50–36.25) .21

Intraoperative death, n (%)a 13 (9) 4 (5) .21

Intraoperative complications, n (%)a 15 (11) 12 (14) .48

Endoleaks (type I/III), n (%) — 6 (7)

Graft occlusion 2 (1) 1 (1)

Peripheral embolization/thrombosis 7 (5) 0 (0)

Iatrogenic dissection 3 (2) 0 (0)

Arterial disruption with bleeding 3 (2) 2 (2)

Unintentional renal artery occlusion 0 (0) 2 (2)

Note. OSR = open surgical repair; EVAR = endovascular aneurysm repair; IQR = interquartile range.
a Missing 1–3% of baseline data.
b Missing 3–15% of baseline data.

TABLE 3. Thirty-day/in-hospital outcome after ruptured abdominal aortic aneurysm repair.

Variable OSR EVAR ORa 95%CI

Mortality 55 (40) 20 (24) 0.45 0.21–0.97

Major complications 95 (76) 46 (58) 0.33 0.15–0.71

Systemic complications 80 (64) 42 (53) 0.69 0.34–1.38

Local complications 38 (30) 15 (19) 0.37 0.16–0.83

Fatal complications 37 (30) 13 (16) 0.39 0.17–0.90

Multiple complications 52 (42) 21 (27) 0.53 0.26–1.08

Note. ORs are given for EVAR compared with OSR. Significant values are presented in bold. OSR = open surgical 
repair; EVAR = endovascular aneurysm repair; OR = odds ratio; CI = confidence interval.
a Logistic regression is performed for each outcome measure, adjusting for age, gender, estimated glomerular 
filtration rate, preoperative hemoglobin level, hemodynamic status (shock index), and year of operation.
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risk reduction of early death compared with OSR (odds ratio [OR]: 0.45; 95% confidence 
interval [CI]: 0.21–0.97; Table 3). In multivariate analysis of risk factors for early mortality 
(Figure  1), significant differences were observed between groups. Only a low Hgb 
level was an independent risk factor for both types of repair. Being older than 75 years 
and the presence of shock were risk factors for OSR only and not for EVAR. Univariate 
analysis suggested coagulopathy on admission as a risk factor for EVAR (OR: 4.60, 95%CI: 
1.49–14.18) instead of OSR (OR: 1.69, 95%CI: 0.79–3.66), but the high number of missing 
values (12%) did not allow for inclusion of this variable in the multivariate model. Type 
of anesthesia (local vs. general) had no effect on mortality for EVAR patients (OR: 1.19, 
95%CI: 0.67–2.04).  Figure  2  shows the proportion per year of EVAR- or OSR-treated 
patients, as well as the 30-day mortality per year per treatment.

Major postoperative complications
Median stay in the intensive care unit (ICU) was 4 (1–11) days for OSR and 1 (1–5) days 
for EVAR (p = .001). Median hospital stay was 14 (6–33) days for OSR and 8.5 (4–21) days 
for EVAR (p = .001). More major complications occurred after OSR than after EVAR (76% 
vs. 58%, p = .007). Furthermore, OSR patients were more likely to suffer from more than 
one complication (42% vs. 24%, p = .047) and have more frequent fatal complications 
(30% vs. 16%,  p  =  .033). The distribution of complications is shown in  Table  4. 
More  abdominal, wound, and bleeding  complications occurred after OSR, and more 
graft-related problems occurred after EVAR. Compared with OSR, EVAR was associated 
with a threefold risk reduction for major complications (OR: 0.33, 95%CI: 0.15–0.71), 
after adjusting for age, gender, Hgb, eGFR, hemodynamic status on admission, and year 
of surgery (Table 3).

FIGURE 1. Multivariate logistic regression analysis of risk factors for early mortality, by type of repair 
(only including variables with <3% missing data).
Note. eGFR  =  estimated  glomerular filtration rate; OSR  =  open surgical repair;  EVAR  =  endovascular aneurysm 
repair.
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FIGURE  2. Thirty-day mortality and relative amount of open surgical repair (OSR)- or endovascular 
aneurysm repair (EVAR)-treated patients.

TABLE 4. Postoperative complications.

Variable OSR EVAR p

Days in ICU, median (IQR) 4 (1–11) 1 (1–5) .001

Total days of admission, median (IQR) 14 (6–33) 8.5 (4–21) .001

Major complications 95 (76) 46 (58) .007

Systemic complications 80 (64) 42 (53) .124

Cardiac 20 (16) 8 (10)

Cerebrovascular 6 (5) 3 (4)

Renal 49 (39) 25 (32)

Pulmonary 33 (26) 18 (23)

Local complications 38 (30) 12 (19) .070

Bowel ischemia 13 (10) 2 (3)

Abdominal compartment syndrome 10 (8) 4 (5)

Bleeding 7 (6) 1 (1)

Distal embolization/thrombosis 5 (4) 1 (1)

Wound infection 9 (7) 1 (1)

Graft-related 3 (2) 5 (6)

Multiple complications 52 (42) 19 (24) .047

Fatal complications 37 (30) 11 (16) .033

Note. OSR = open surgical repair; EVAR = endovascular aneurysm repair; ICU = intensive care unit; IQR = interquartile 
range.
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Late survival
The survival benefit after EVAR on early outcome was maintained during the mid-term 
follow-up. The estimated survival after 2 years was 52% for OSR versus 65% for EVAR 
(p < .001; Figure 3). After 3 years, the survival benefit after treatment with EVAR was no 
longer present.

FIGURE 3. Kaplan–Meier curve of survival after ruptured abdominal aortic aneurysm repair, by type of 
repair (log rank p = .52).
Note. OSR = open surgical repair; EVAR = endovascular aneurysm repair.

DISCUSSION

In this study, EVAR was associated with a twofold reduction in early mortality after rAAA, 
after correcting for possible confounders. This benefit persisted for up to 3 years after 
the index event. Moreover, risk factors for early mortality varied in type and importance 
according to which treatment modality was selected. These risk factors could have a 
potential impact on current clinical practice.
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In contrast to elective EVAR, which is widely accepted, EVAR for rAAA is far from 
accepted owing to a significant lack of level A evidence5, 6. To date, only two randomized 
controlled trials have been published on the subject. The Nottingham trial, which 
was only a pilot study, had difficulties with enrollment and was not able to show any 
differences in early mortality or complications. Recently, the results of the AJAX trial 
have been published14, 15.  In this study, no difference in 30-day mortality and severe 
complications between EVAR and OSR were found. This could be explained, in part, by 
the unexpectedly good results from OSR, arguably difficult to achieve in most settings. 
With regard to the secondary endpoints of the AJAX study, EVAR generally performed 
better: mean ICU stay, mean hospital stay, mean blood loss, and the need for mechanical 
ventilation all favored the EVAR group. Both of the aforementioned studies were limited 
by low inclusion rates, which may result in significant bias, and are both considered to 
be underpowered.

Two other randomized trials are still in progress (IMPROVE16  and ECAR17). While the 
results of the ECAR trial are awaited, the IMPROVE investigators recently presented 
preliminary data18. They were able to recruit 613 patients (about two-thirds of all eligible 
patients) with a clinical diagnosis of  ruptured aneurysm. Based on  intention-to-treat 
analysis, no significant difference was found between the EVAR and OSR groups for 30-
day mortality (35.4% and 37.4%, respectively), but there was a significant number of 
protocol variations (11%). In the endovascular first strategy group, patients who were 
actually treated by EVAR (n = 150) had a 30-day mortality of 25% compared with 37% for 
those treated in the OSR first strategy group (n = 220), results similar to those obtained in 
our study (24% and 40%, respectively). Subgroup analysis revealed a survival benefit for 
women treated with EVAR. After EVAR, patients had a shorter stay in hospital than OSR 
patients, and the costs related to both groups of patients after 30 days was comparable. 
They also found that the lowest measured systolic blood pressure was an independent 
risk factor for 30-day mortality, and that the use of local anesthesia during EVAR reduced 
the 30-day mortality. In this study shock and use of local anesthesia had no effect on 
mortality after EVAR.

In contrast to published randomized trials, retrospective data are generally more 
favorable for EVAR. Inclusion of symptomatic non-ruptured aneurysms in retrospective 
series could contribute to this difference between trials and retrospective studies. To 
avoid such a bias in our study, we individually assessed the presence of true rupture in all 
cases. Veith19 has published collected data from 49 institutions that routinely use EVAR 
for the treatment of rAAA. One thousand and thirty-seven patients treated by EVAR and 
763 patients treated by OSR were included in the review. The study showed a significant 
reduction in early mortality favoring EVAR (21% vs. 36%, p < .001). The author concluded 
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that EVAR is superior to OSR for patients with suitable anatomy, especially those who 
are more hemodynamically unstable, which is in line with the findings in this study. A 
population-based study by Mandawat et al.20 showed that EVAR is superior to OSR in 
regard to short-term clinical outcomes (36% vs. 18%, p < .01). Nedeau et al.21 published 
a retrospective study comparing EVAR with OSR. Although their patient sample was 
smaller than in this study (19 EVAR and 55 OSR patients), their conclusions were very 
similar, with EVAR conferring an early and mid-term survival benefit. A recent publication 
by Mehta et al.22 also compared early mortality for EVAR versus OSR in rAAA patients. In 
a sample of 283 patients, of whom 120 underwent EVAR, the authors reached a similar 
conclusion regarding an early mortality benefit for EVAR, which was maintained over 
time. However, the study by Mehta et al.22 found a higher risk for EVAR in elderly patients, 
which was only present for OSR in this study. In addition to survival analysis, more insight 
is provided into the complications after rAAA, suggesting important differences on the 
number and type of complications found after OSR and EVAR.

A low Hgb level on admission was associated with adverse early prognosis after rAAA. 
This seems logical, as it suggests more extensive bleeding and a more prolonged 
evolution, increasing the chance of cardiac ischemia due to inadequate oxygen delivery. 
This is potentially aggravated by the fact that OSR is associated with greater blood loss. 
Age more than 75 years was associated with a higher risk of early death after OSR, 
but not after EVAR. This could be the result of reduced physiological reserve in elderly 
patients, which is insufficient to withstand the added insult of open surgery. Similarly, 
the presence of shock on admission was an independent predictor for early outcome 
after OSR, but not after EVAR. This interesting observation may be explained by the less 
invasive nature of EVAR and the maintenance of higher  peripheral resistance  during 
endovascular operations. Another interesting observation is that  coagulopathy  on 
admission was associated with increased mortality after EVAR, but not after OSR. 
Although this could not be tested for confounders, it may be explained by persistent 
bleeding followed by abdominal compartment syndrome, and by a higher threshold 
for transfusion after EVAR.

The difference in early survival could also be explained by patient selection prior to 
the operation22.  A common argument is that the most unstable patients would not 
undergo a CTA and, as a consequence, not be offered EVAR. In our population, however, 
admission hemodynamic status was similar for both groups, and the presence of shock 
was only found to influence outcome after OSR. It could be argued that the difference 
of admission time suggests that OSR patients are more unstable as theirs is shorter. 
We think that this difference is mainly due to the need for CTA in EVAR patients and 
not directly to patients' hemodynamic status. Furthermore, admission information was 
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missing 16.7% of the data, which makes it less reliable than the  shock index  (<3%). 
These findings support the prior suggestion by Hinchliffe et al.5 that the most unstable 
patients may be the ones to obtain the greatest benefit from EVAR. Also, it is possible 
that anatomically suitable patients for EVAR have a better outcome than those who are 
anatomically unsuitable, independent of the type of repair, as suggested by Ioannidis 
et al.23 and Dick et al.24 However, this effect was not observed in a study by Ten Bosch 
et al.25, in which anatomical suitability did not influence results in a cohort of patients 
who all underwent preoperative CTA irrespective of hemodynamic status. We could not 
confirm the hypothesis of anatomical suitability because some patients undergoing 
OSR did not undergo a preoperative CTA, and performing this analysis would inevitably 
incur bias. However, no supra-renal or type IV thoraco-abdominal aneurysm patients 
were included in our series.

Postoperatively, the total admission period and ICU period for patients treated with 
EVAR was significantly lower than that of OSR-treated patients. This suggests a quicker 
recovery and less severe postoperative complications for EVAR. In parallel with mortality, 
EVAR was associated with a threefold reduction in the risk of major complications, and 
the occurrence of multiple and fatal complications were more frequent after OSR, 
contributing to better early survival rates for EVAR.

Over time, the prognosis of patients treated with EVAR gradually converged with that 
of OSR patients. In this series, the benefit of EVAR was maintained up to 3 years; beyond 
this point, the survival of the two groups was similar. No clear explanation for this effect 
could be found, but it is hypothesized that it may reflect the less aggressive nature 
of EVAR, therefore minimizing the “second hit” after rupture. In patients with severe 
comorbidities, the additional surgical aggression of OSR could result in early death. 
Similarly, frail patients may survive the acute period after EVAR, but succumb to their 
comorbidities at mid-term. We found no evidence that EVAR-related complications 
could explain the observed pattern.

The results of this study are limited by the retrospective design and individualized 
treatment selection, which could result in bias. Also, the time span of the study may 
have influenced results, with inevitable management and referral modifications 
occurring over time. For the outcome analysis, year of operation was used as a co-
variable, therefore adjusting for this potential confounder. Because of the relatively 
small sample, and because many patients died very early after the start of follow-up 
owing to the rupture, there was not sufficient statistical power to determine differences 
in long-term survival, and restricted the analysis to 4 years after repair. Finally, accurate 
turn-down rates for repair, which are known to significantly influence the overall survival 
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after rAAA, could not be provided. This important limitation probably has less impact 
on direct comparison between treatment modalities than on the overall results of rAAA 
repair.

In conclusion, this study shows a twofold early mortality risk reduction for rAAA patients 
undergoing EVAR, which is maintained over the mid-term. Old age and the presence 
of shock were significant predictors of early mortality for OSR only, suggesting that 
EVAR may be particularly beneficial for patients presenting with these factors26. Also, 
OSR patients were at higher risk of major postoperative complications, required 
longer ICU and hospital stays, and appeared more likely to suffer from multiple and 
fatal complications after surgery. These results support the preferential use of EVAR for 
rAAA, and suggest a potential improvement in risk prediction by introducing the type 
of repair into the equation.
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ABSTRACT

Objective
The decision whether or not to proceed with surgical intervention of a patient with 
a ruptured abdominal aortic aneurysm (rAAA) is very difficult in daily practice. The 
primary objective of the present study was to develop and to externally validate a new 
prediction model; the Dutch Aneurysm Score (DAS).

Methods
With a prospective cohort of ten hospitals (n=508) the DAS was developed using a 
multivariable logistic regression model. Two retrospective cohorts with rAAA patients 
from two hospitals (n=373) were used for external validation. The primary outcome was 
the combined 30-day and in-hospital death rate. Discrimination (AUC), calibration plots 
and the ability to identify high-risk patients were compared with the more commonly 
used Glasgow Aneurysm Score (GAS).

Results
After multivariable logistic regression five pre-operative variables were identified; 
age, lowest in-hospital systolic blood pressure, cardiopulmonary resuscitation and 
hemoglobin level. The area under the receiver operating curve (AUC) for the DAS was 
0.77 (95%CI 0.72-0.82) compared to the GAS with an AUC of 0.72 (95%CI 0.67-0.77). The 
DAS showed a death rate in patients with a predicted death rate ≥80% of 83%.

Conclusions
Our study shows that the DAS has a higher discriminative performance (AUC) compared 
to the GAS. All used clinical variables of the DAS are easy to obtain. Identification of low-
risk patients with the DAS can potentially reduce turn-down rates. The DAS can reliably 
be used by clinicians to make a more informed decision in dialogue with the patient and 
their family whether or not to proceed with surgical intervention.
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INTRODUCTION

The population-based 30-day death rate of patients with a ruptured abdominal 
aortic aneurysm (rAAA) is approximately 74% (95% confidence interval (CI) 72-77%)1. 
Two-thirds of patients with a rAAA reach the hospital alive, but an average of 40% 
(range 9-80% from 21 studies) of these are not surgically treated in many hospitals 
due to supposed infaust prognosis, advanced age and/or patient preference. Criteria 
whether to surgically treat or not, vary significantly according to local experience and 
cultural settings2. The decision to start or withhold surgical intervention is based on an 
evaluation of the patient’s clinical condition, the surgeon’s experience and the patient’s 
preferences. It is a subjective interpretation by the doctor, the patient and the relatives. 
As a consequence, considerable differences exist in turndown rates. In the recently 
published IMPROVE and AJAX trials, the turndown rates were 23% (299/1275 patients) 
and 9% (46/520 patients), respectively3-5. Clinicians and patients could benefit from a 
tool to predict survival after surgical intervention. Especially, if one considers the high 
burden for relatives, hospitals and society in case of unsuccessful repair. A prediction 
model is an objective way to evaluate the chances of successful intervention.

Several models have been developed to predict death after surgical intervention in 
patients with a rAAA. In a recent external validation study in the Amsterdam region6, the 
Glasgow Aneurysm Score (GAS)7, 8 most accurately predicted death after intervention 
for a rAAA as compared to the Vancouver scoring system9, the Edinburgh Ruptured 
Aneurysm Score10 and the Hardman index11. However, the GAS which was originally 
developed for elective as well as rAAA, could not reliably support the decision to 
withhold surgery or not. Because the alternative to repair generally results in death of 
the patient, the model should be very reliable. Furthermore, a uniformly used prediction 
model could enhance the transparency of ruptured aneurysm care.

The primary objective of the present study was to develop and to externally validate 
a more reliable prediction model for patients with a rAAA; the Dutch Aneurysm Score 
(DAS). Additionally, we aimed to identify high-risk patients with a predicted 30-day/in-
hospital death rate of ≥50%. Such a model can support the decision to start surgical 
intervention or not. With the identification of a low predicted risk of mortality the DAS 
might also aid in the decision to offer treatment in patients otherwise turned down for 
surgery. The predictive performance of the DAS was compared to the performance of 
the GAS.
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METHODS

The present study comprised three Dutch cohorts including patients with a rAAA; one 
cohort from Amsterdam, one from Rotterdam and one from Groningen. The Amsterdam 
cohort was used for the development of the DAS and the other two for the external 
validation. The diagnosis of rAAA in these cohorts was based on emergency computed 
tomographic angiography12, on findings at operation or on findings at autopsy. Patients 
with a previous aortic reconstruction, an inflammatory or mycotic rAAA and a rAAA with 
associated trauma, with aortocaval fistula or with aortoenteric fistula were not included 
in the present study. The primary end point was the combined 30-day and in-hospital 
death rate. This means we included patients who died in-hospital any time during and 
after the initial treatment and all patients who died within 30 days after initial treatment 
disregarding if they were in-hospital or not. This study was approved by the Institutional 
Review Boards of all three centers (Amsterdam (METC 03/161), Rotterdam (METC 
2015/017), and Groningen (M15.169119)).

Details regarding the cohort from Amsterdam have been published previously4, 6, 13. 
In short, all consecutive patients with a rAAA of ten hospitals (8 secondary care and 
two tertiary care facilities) in the Amsterdam ambulance region between May 2004 
and February 2011 were registered prospectively. Details regarding the cohort from 
Rotterdam were published previously as well14, 15. In short, this was a single-tertiary-
center cohort including all surgically treated patients with a rAAA between January 2004 
and December 2012. Patients were identified retrospectively from a hospital registry. 
The cohort from Groningen was also single-tertiary-center including all surgically 
treated patients with a rAAA between January 2004 and December 2012. Patients 
were identified from a prospective registry. The Rotterdam and Groningen cohort 
were considered acceptable for external validation as protocols and hospital sizes are 
all similar and they are all located in the same country. The Transparent Reporting of 
a multivariable Predictions model for individual prognosis or Diagnosis (TRIPOD) 
statement for reporting a multivariable prediction model were used as guideline for 
this article to facilitate the assessment of usefulness of this prediction model by the 
reader16, 17.

Data management
Data were retrospectively collected from the medical records for the prospective cohort 
by the second author and for the two retrospective hospital cohorts by the first author 
following a standard case protocol. Based on previous prediction models for patients 
with a rAAA7-11 and on the availability of the variable in the emergency room, data on 
the following potential predictors were collected: age (years), sex (male/female), cardiac 
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co-morbidity (defined according to the Society for Vascular Surgery (SVS) guidelines, as 
previous history of myocardial infarction, heart failure, cardiac surgery, angina pectoris 
or arrhythmia), cerebrovascular co-morbidity (defined according to the SVS guidelines 
as previous history of stroke or transient ischemic attack), lowest pre-operative in-
hospital systolic blood pressure (mmHg), cardiopulmonary resuscitation (yes/no), loss 
of consciousness (yes/no), serum creatinine (µmol/L), serum hemoglobin (mmol/L) 
and type of intervention (endovascular or open repair). The data were collected in no 
particular order because the primary end-point of this study, i.e. combined 30-day or 
in-hospital death rate, was an objective measurement.

Statistical analysis
The statistical analysis was conducted by the second author according to the recently 
published seven step model for development and an ABCD for validation of a clinical 
prediction model18. The analysis comprised two steps; first the development of the DAS 
in the prospective database from Amsterdam also including patients who were rejected 
for surgery or intervention and second the external validation in the retrospective 
cohorts from Rotterdam and Groningen.

The first phase of the statistical analysis was the development of the DAS in the cohort 
from Amsterdam. The development of the DAS was done using R (The R Foundation for 
Statistical Computing, Boston, USA). Using restricted cubic spline functions in R we could 
study the shape of the relation between the continuous candidate predictors and the 
end point. If appropriate, continuous candidate predictors were transformed manually. 
To avoid deletion of cases because of missing data, the missing data were imputed with 
use of predictive mean matching and logistic regression19-21. Multiple imputations were 
done by creating ten completed datasets. The baseline characteristics and death were 
used as variables in the imputation models. To determine which variables were the 
best predictors for 30-day and in-hospital mortality a multivariable logistic regression 
model in the ten imputed datasets was used. The final predictors were selected from all 
candidate predictors by stepwise backward elimination based on the pooled coefficients 
from the regression model. The Area Under the receiver operating characteristic Curve 
(AUC) was reported to represent apparent model performance. This represents in this 
study the ability to distinct between surviving patients and dying patients.

The second phase of the statistical analysis was to externally validate the DAS in the 
cohorts from Rotterdam and Groningen. In these cohorts, missing data were imputed 
using linear and logistic regression in IBM SPSS Statistics 20.0 (SPSS Inc., Armonk, New 
York, USA). Again, the baseline characteristics and death were used as variables in the 
imputation models. The predictions by the score were calculated in the 10 separate 
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imputed datasets and these predictions were averaged. The predictive performance 
of the DAS was assessed considering discrimination, calibration and the identification 
of high-risk patients. Discrimination is the ability of a model to distinguish between 
surviving and dying patients and was assessed using the AUC. An AUC of 0.50 indicates 
no discriminative ability and the closer the AUC is to 1.0, the better the discriminative 
performance. An AUC >0.70 was considered sufficiently accurate. Calibration refers 
to the agreement between the predicted and observed death rate. Calibration was 
assessed graphically and with the calibration-in-the-large and the calibration slope as 
performance parameters18. Perfect calibration implies that predictions are on a diagonal 
line which is described with an intercept of 0 (calibration-in-the-large) and a slope of 
122. The calibration-in-the-large and calibration slope were statistically tested with a 
multivariable logistic regression model including an offset variable (Wald statistic with 
one degree of freedom) and a model with the log odds of the predictions as a single 
predictor respectively. A P<.05 was considered as statistically significant deviation from 
ideal calibration.

The risks of mortality calculated with the DAS from the Rotterdam and Groningen 
databases were compared with the risks of mortality calculated with the GAS in the 
same databases and also compared with the observed death rate7, 8. This could identify 
low-risk patients who might previously be considered as high risk and therefore 
should be treated, as well as high-risk patients in whom withholding surgery might be 
considered. The GAS was calculated with the following variables: + 7 for open repair + 
age in years + 17 for shock (defined as an in-hospital systolic blood pressure <80 mmHg) 
+ 7 for myocardial disease (defined as previous history of myocardial infarction, cardiac 
surgery, angina pectoris or arrhythmia) + 10 for cerebrovascular comorbidity (defined 
as previous history of stroke or transient ischemic attack) + 14 for renal insufficiency 
(defined as a pre-operative serum creatinine > 160 µmol/L). After adding up all the 
variable scores from the GAS, the predicted 30-day death rate was calculated with the 
following formula:

1 -
1

1 + (EXP (-5.486 + 0.052 * GAS score))
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RESULTS

In total, 881 patients were included in the present study. In the Amsterdam cohort 
508 patients were included of which 66 patients were not treated. The patients in the 
Amsterdam cohort had a mean age of 76 years (interquartile range (IQR) 69-80), 80% 
of whom were men, 15% of the patients were treated endovascular and 36% patients 
(159/442, CI 32-41%) died in-hospital or within 30 days. In the Rotterdam cohort 209 
patients (age 73 years, IQR 67-79) were included, 37% was treated endovascular and 
this cohort showed a combined mortality of 33% (70/209, CI 27-40%). One hundred and 
sixty four patients (age 73 years, IQR 68,79) were included in the Groningen cohort, of 
whom 32% were treated endovascularly. This cohort showed a combined mortality of 
26% (43/164, CI 20-33%). No significant variance was calculated between the 30 day and 
in-hospital mortality in the cohorts (Amsterdam 95% CI 0.61-1.07, Rotterdam 95% CI 
0.58-1.32, and Groningen 95% CI 0.63-1.69). Baseline pre-operative characteristics, type 
of intervention, and combined 30 day and in-hospital death rates in these three cohorts 
are shown in Table 1. The proportion of patients treated with EVAR was highest in the 
Rotterdam cohort at 37%, compared with 15% in Amsterdam and 32% in Groningen. 
From the three cohorts, the death rate was lowest in Groningen (26%, CI 20-33%) 
compared with Amsterdam (36%, CI 32-41%) and Rotterdam (33%, CI 27-40%).

Prediction models and internal validation
After multivariable logistic regression, the following variables were selected as predictors 
for the Dutch Aneurysm Score: age, lowest in-hospital SBP, CPR and hemoglobin level 
(Table 2). Type of treatment was not a predictor performing well enough to be included 
in the model. The apparent AUC of the internal validation was 0.74.

External validation
The predictive performances of the DAS and the GAS are shown in Table 3. The DAS had 
an AUC, representing the distinction between dying and surviving patients, of 0.77 (CI 
0.72 – 0.82). The calibration plot, representing the agreement between the predicted 
and observed death rates, showed close to ideal calibration (Figure 1). The calibration 
in the large was 0.177 (p=.31) and the calibration slope was 1.175 (p=.44). The GAS had 
an AUC of 0.72 (CI 0.67 - 0.77). The calibration plot showed close to ideal calibration 
(Figure 2). The calibration in the large was 0.056 (p=.75) and the calibration slope was 
1.135 (p=.45).
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TABLE 1. Baseline pre-operative characteristics, the rejection rate and the death rate in the Amsterdam, 
Rotterdam and Groningen cohorts.

Predictors

Amsterdam cohort (n = 442) Rotterdam cohort (n = 209) Groningen cohort (n = 164)
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Age 76 (69-80) 0% - 73 (67-79) 0% - 73 (68-79) 0% -

Male sex 80%: 20% 

(353:89)

0% - 89% :11% 

(209:23)

0% - 89% : 11% 

(146:18)

0% -

Cardiac co-

morbidity

43% 

(183/428) 

3% 43% 

(191/442)

32% 

(68/209)

0% - 40% 

(65/164)

0% -

Cerebrovascular 

co-morbidity

16% 

(67/426) 

4% 16% 

(72/442)

10% 

(22/209)

0% - 12% 

(19/164)

0% -

Lowest in-

hospital SBP 

(mmHg)

90

(70-125)

11% 90

(70-125)

111

(86-140)

13% 112

(87-140)

90

(70-130)

4% 90

(70-130)

CPR 11% 

(45/422)

5% 11% 

(50/442)

1% (1/180) 14% 7% 

(14/209)

7% 

(12/164)

0% -

Loss of 

consciousness

21% 

(80/382)

14% 22% 

(99/442)

2% (3/180) 14% 8% 

(16/209)

8% 

(13/164)

0% -

Serum 

hemoglobin 

(mmol/L)

7.0

(5.9-8)

1% 6.9

(5.9-8.0)

7.1

(6.0-8.0)

12% 7.0

(6.0-8.0)

7

(5.9-7.7)

1% 7

(5.9-7.7)

Serum creatinine 

(µmol/L)

106

(86-133)

3% 106

(86-133)

109

(91 - 142)

3% 110

(91-145)

108

(90-135)

3% 109

(90-135)

EVAR : OR 15% : 85%

(66:376)

0% - 37% : 64%

(75:134)

0% - 32% : 68%

(53:111)

0%

Rejection rate 13% 

(66/508)

- - Unknown - - Unknown -

Combined 30 

day / in-hospital 

death rate

36% 

(159/442, 

CI 32-41%)

- - 33% 

(70/209,

CI 27-40%) 

- - 26% 

(43/164, CI 

20-33%)

-

Separated 30 day 

and in-hospital 

death rate

… - - 30% and 

33% resp. 

p=0.53 CI 

0.58-1.32

- - 26% and 

26% resp. 

p=0.89 CI 

0.63-1.69

- -

SBP = systolic blood pressure, CPR = cardiopulmonary resuscitation, GCS = Glasgow coma scale, EVAR = endovascular aneurysm 

repair, OR = open repair

Continuous data are presented as median (inter-quartile range)
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TABLE 2. Multivariable logistic regression model to predict combined 30-day or in-hospital death to 
develop the Dutch Aneurysm Score.

Variables
Complete model

β-estimate (CI)
After backward elimination

β-estimate (CI)

Age (per year) 0.69 (0.40 to 0.98)* 0.74 (0.46 to 1.02)*

Male sex 0.29 (-0.25 to 0.83) -

Cerebrovascular co-morbidity 0.28 (-0.33 to 0.89) -

Cardiac co-morbidity 0.24 (-0.22 to 0.69) -

Lowest in-hospital SBP (per 10 mmHg) -0.11 (-0.19 to -0.04)* -0.12 (-0.19 to -0.05)*

CPR 0.81 (-0.08 to 1.69) 1.00 (0.16 to 1.84)*

Loss of consciousness 0.35 (-0.31 to 1.01) -

[Hemoglobin/10]3 (per mmol/L) -1.11 (-2.28 to 0.06) -1.27 (-2.41 to -0.14)*

10/Creatinine (per µmol/L) -2.49 (-9.09 to 4.11) -

EVAR -0.15 (-0.80 to 0.49) -

Intercept -4.50 (-6.87 to -2.14)* -4.73 (-6.93 to -2.53)*

CI = confidence interval, SBP = systolic blood pressure, CPR = cardiopulmonary resuscitation, AUC = area under 
the curve.
a Apparent performance of internal validation after backward elimination: AUC = 0.74.
* P<.05

The death rate in high-risk patients with a predicted death rate ≥50% was 63% using 
the DAS (29/46 patients) and 64% (28/44 patients) for the GAS (Table 3). A difference 
between the outcomes of the DAS and the GAS was shown in the observed death rate 
of patients with a predicted death rate of over 80%, which was 83% in the DAS (5/6 
patients). In the GAS there were no predictions above 80%. The lowest score calculated 
by the DAS was a risk of 3% in a four different patients. The GAS showed in two patients 
a risk of 6% as the lowest result. Of all patients with a calculated risk of less than 20% by 
the DAS, 9,9% actually died (12/121 patients), this was 14% (16/114 patients) calculated 
by the GAS.
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TABLE 3. External validation of the Dutch aneurysm score and the Glasgow aneurysm score7,8.

Prediction 
model

Calibration 
in the large

Calibration 
slope

AUC
(CI)

Death rate in 
patients with a 

predicted death 
rate ≥50%

Death rate in 
patients with a 

predicted death 
rate ≥80%P P

Dutch 
Aneurysm 
Score

0.177 .31 1.175 .28 0.77
(0.72 - 0.82)

63%
(29/46, CI 49-75%)

83%
(5/6, CI 44-97%)

Glascow 
Aneurysm 
Score

0.056 .75 1.135 .45 0.72
(0.67 - 0.77)

64%
(28/44, CI 49-76%)

no predictions
≥80%

AUC = area under the curve, CI = 95% confidence interval
Calibration in the large should be as close to 0 as possible, calibration slope should be as close to 1 as possible, an 
AUC >0.70 was considered sufficiently accurate.

FIGURE 1. Calibration plot of the external validation of the Dutch Aneurysm Score in the combined 
Rotterdam and Groningen cohorts.
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FIGURE 2. Calibration plot of the external validation of the Glasgow Aneurysm Score in the combined 
Rotterdam and Groningen cohorts.

DISCUSSION

This study shows that in surgically treated rAAA patients the Dutch Aneurysm Score 
predicts the combined 30 day and in-hospital death rate accurately and reliably in 
the Dutch population. The decision whether or not to withhold lifesaving treatment 
for a patient will always be extremely difficult. A good prediction model can aid in 
this decision. A poor outcome prediction may assist in deciding not to proceed to the 
operation theatre, whereas a relatively low predicted risk of mortality might also aid in 
the decision to offer treatment in patients otherwise turned down for surgery. Using the 
DAS, patients who previously might have had a high estimated risk could now have a 
reasonable or even low calculated risk for treatment by the DAS. For example a patient 
with a cerebrovascular history but without serious persistent morbidity does not need 
to have a higher risk with the DAS. This could reduce the turndown rate as more true 
low risk patients are possibly identified. Clearly, the decision to withhold an intervention 
also largely depends on the subjective interpretation of reality by the clinician in 
dialogue with the patient and the relative. Therefore, a strict threshold for proceeding 
with treatment in patients with a rAAA does not seem realistic.

Besides the better discriminative performance in the present study, the DAS expands on 
previous prediction models in three ways. First, the DAS is developed and validated in 
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cohorts including a large number of patients treated endovascular (194/815). Second, 
the DAS is the first model which reliably identifies a large group of high-risk patients 
(>80%). Third, the DAS was validated using the latest guidelines including discrimination, 
calibration and the identification of high-risk patients18, 23. The DAS includes clinical 
variables which can be easily obtained; age, lowest systolic blood pressure, cardio-
pulmonary resuscitation and hemoglobin levels. Once the clinician has obtained these 
variables, the predicted death rate can be calculated by using the formula stated in 
Table 4 or by going to www.dutchaneurysmscore.com.

TABLE 4. Calculating 30-day/in-hospital death rate by using the Dutch Aneurysm Score. Example given 
is the case of a 76 year old man who presents himself at the emergency room with a systolic blood pressure 
of 93mmHg, a hemoglobin level of 5.9 and hid not need cardiopulmonary resuscitation. Using the Dutch 
Aneurysm Score the calculated 30-day/in-hospital death rate is 38%.

Steps Formula Example

1/ Calculated DAS ‘all variables’ = age§ * 0.074 +
SBP/10¥ * -0.12 +
1 for CPR∞ +
(Hb/10)^3 Ω * -1.27

= 76 * 0.074 +
9.3 * -0.12 +
0 +
(5.9/10)^3 * -1.27 = 4.247

2/ Calculate the ln (odds) 
with the intercept

= -4.73 + DAS =
=

-4.73 + 4.247
-0.483 

3/ Calculate the 30-
day death rate

= exp (ln(odds)) /
(1 + exp (ln(odds)) )

=
=

exp -0.483 / (1 + exp -0.483)
0.38 

§ age in years
¥ systolic blood pressure in mmHg.
∞ presence of cardiopulmonary resuscitation
Ω Hemoglobin levels in mmol/L. To calculate your hemoglobin in g/dl to mmol/L multiply by 0.1551.

The predictive performance regarding calibration was comparable between the DAS 
and the GAS. Also, the performance with regard to the identification of high-risk 
patients with a predicted death rate ≥50% was comparable between the DAS and 
the GAS. Further expanding on the identification of high-risk patient, the GAS did 
not identify any patients with a predicted death rate ≥80%. On the contrary, the DAS 
identified 6 patients with a predicted death rate ≥80%, of which 5 died. This underlines 
our preference for the DAS as compared to the GAS.

A limitation of the present study is the in part retrospective data collection. This resulted 
in a small proportion of missing data. We used multiple imputation to cope with the 
missing data19, 20. In this way, we avoided the exclusion of patients with missing data and 
we could maintain statistical integrity of the database. One could argue if the missing 
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data were completely missing at random. It might have been that patients who were 
hemodynamically instable had more missing values although we have no evidence 
of that. The variables included in the model had acceptable imputation rates in the 
Amsterdam cohort.

In the two cohorts we used for external validation only surgically treated patients 
were included. The turndown rates in these cohorts were unknown. This leaves out 
the patients who are probably at the highest risk, which causes a bias in this study we 
could not prevent. The turndown rates, though, were known for the Amsterdam cohort 
of which the DAS was developed. It might be that differences in in-hospital turndown 
rates are an explanation of the differences in death rates between Groningen (26%, 
CI 20-33%), Amsterdam (36%, CI 32-41%) and Rotterdam (33%, CI 27-40%). Another 
explanation might be the differences in the unknown turndown rates prior to arrival in 
the hospital which are influenced by regional hospitals, referrals of general practitioners 
and also the time it takes to get to a hospital.

CONCLUSION

For patients with a rAAA, we developed and externally validated a new prediction 
model which allows clinicians to estimate the risk of death with variables available prior 
to surgery, the Dutch Aneurysm Score. All the variables included in the DAS are easy 
to obtain, namely age, lowest in-hospital systolic blood pressure, cardiopulmonary 
resuscitation and serum hemoglobin level. By using the provided formula in Table 4 or 
by surfing to www.dutchaneurysmscore.com, clinicians can estimate the risk of dying 
in just a few moments.

The DAS has a superior discriminative performance compared to the GAS in the Dutch 
population. This prediction model identifies low-risk patients in whom an intervention 
is likely to be beneficial. Identification of low-risk patients has the potential to reduce 
turndown rates. The DAS also identifies patients with high-risk of dying in whom 
withholding an intervention could be considered. The DAS can reliably be used by 
clinicians to make a more informed decision in dialogue with the patient and their 
family whether or not to proceed with surgical intervention. To learn more about the 
DAS, further external validation in large prospective series is recommended.
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ABSTRACT

Background
The decision whether to operate a patient or not can be challenging for a clinician for 
both ruptured abdominal aortic aneurysms (AAAs) as well as elective AAAs. Prior to 
surgical intervention it would be preferable that the clinician exactly knows which clinical 
variables lower or increase the chances of morbidity and mortality postintervention. 
To help in the preoperative counselling and shared decision making several clinical 
variables can be identified as risk factors and with these, risk models can be developed. 
An ideal risk score for aneurysm repair includes routinely obtained physiological and 
anatomical variables, has excellent discrimination and calibration, and is validated in 
different geographical areas. For elective AAA repair, several risk scores are available, for 
ruptured AAA treatment, these scores are far less well developed.

Methods
In this manuscript, we describe the designs and results of published risk scores for 
elective and open repair. Also, suggestions for uniformly reporting of risk factors and 
their statistical analyses are described. Furthermore, the preliminary results of a new 
risk model for ruptured aortic aneurysm will be discussed. This score identifies age, 
hemoglobin, cardiopulmonary resuscitation and preoperative systolic blood pressure 
as risk factors after multivariate regression analysis.

Conclusion
This new risk score can help to identify patients that would not benefit from repair, but it 
can also potentially identify patients who would benefit and therefore lower turndown 
rates. The challenge for further research is to expand on validation of already existing 
promising risk scores in order to come to a risk model with optimal discrimination and 
calibration.
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INTRODUCTION

The mortality of ruptured abdominal aortic aneurysms (rAAA) is known to be as high as 
67% to 94%.1 To prevent the aneurysm from rupture, elective abdominal aortic aneurysm 
(AAA) repair can be performed, resulting in much lower mortality rates in short-term 
as well as long-term.1, 2 Since the introduction of the endovascular treatment of AAAs, 
the mortality in elective surgery has decreased. Besides maximum AAA diameter, the 
indication for treatment in clinical practice is also often partially based on a gut-feeling 
of the treating physician considering risks and benefits for the individual patient. 
This gives rise to a wide variation in elective surgical treatment and an abundance in 
differences in local experience and preferences. In general, the decision whether to 
operate a patient or not can be challenging for a clinician for both rAAAs as well as 
elective AAAs. Prior to surgical intervention it would be preferable that the clinician 
exactly knows which clinical variables lower or increase the chances of morbidity 
and mortality postintervention. To help in the pre-operative counselling and shared 
decision making several clinical variables can be identified as risk factors and with these 
risk models can be developed.

Development and reporting of risk models
The aim of risk models is to provide risk estimates for the presence of disease or an 
event in the future.3 Risk models identify clinical variables that significantly contribute 
to an outcome of a treatment, such as mortality. When a new risk model has been 
developed, a full and clear reporting of the performance, i.e. validation, of the risk 
model is key because this tells clinicians if the risk model is reliable to use in daily 
practice. However, literature shows a poor quality of reporting of prediction models. 
If the information is reported in a uniform manner, the reader can quickly interpret the 
value and clinical importance of the described risk model. The Transparent Reporting of 
a multivariable Prediction model for Individual Prognosis Or Diagnosis (TRIPOD) is a set 
of recommendations and a practical tool which can be used by authors for reporting in 
such a uniform manner.4 It gives authors a checklist of items necessary to discuss and 
include in their manuscript for the development, as well as the validation, of the model. 
It also gives readers guidance in the aspects of the risk model which are important to 
judge the value of the study. To aid statistical analysis as well as reading the analysis of 
prediction models, a seven step program for development, and an ABCD for validation 
of risk models has been published.3 The validation of a risk model indicates the potential 
performance and reliability in clinical practise and is preferably shown in four measures 
of model performance. The first is the calibration-in-the-large, which indicates the 
difference between the observed and the calculated risk, this should ideally be as close 
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to 0 as possible. The second, the calibration slope, shows if the dataset contains too 
much extreme data and should be close to 1. The C-statistic describes the discrimination 
between individuals with or without the endpoint and is expressed in the area under 
the receiver operating characteristic curve (>0.70 AUC). The last validation measure 
is the decision-curve analysis in which an treatment threshold is calculated based on 
which patients can be classified as low-risk or high-risk.

Risk models for elective AAA
Over the past decades multiple risk models have been developed for elective AAAs. 
In 2008, Patterson et al wrote a review about the previous published risk models.5 Of 
the ten different prediction models and subsequent validation studies described, they 
concluded that the Glasgow Aneurysm Score (GAS) appears to be the most useful score 
for elective open AAA repair. Unfortunately, none of the risk models were useful for 
calculating risk of mortality after endovascular aneurysm repair (EVAR).

The GAS was the first prediction model published and included 500 elective as well as 
ruptured AAA patients.6 The data were collected from four hospitals in Glasgow, United 
Kingdom between 1980 and 1989. After multiple regression analysis they identified age, 
presence of shock, myocardial disease, cerebrovascular disease and renal insufficiency 
as the risk factors. Since the initial publication of the GAS, multiple validation studies 
have shown good predicting ability for mortality after treatment for elective as well as 
ruptured AAA patients.5, 7, 8 The GAS showed to be sufficient in predicting mortality after 
open surgery but also for endovascularly treated patients. Unfortunately the GAS does 
not reliably identify high-risk patients. This means the overall performance of the GAS 
is sufficient but if one would only look at the high-risk patients the performance is not 
sufficient. Identifying high risk patients is a very important aspect of a risk score because 
it tells you which patients might not benefit from treatment.

More recently, Barnes et al. studied 961 endovascularly treated patients and they 
developed a predictive model for 17 different outcomes such as short and long-term 
mortality but also risk of different graft complications.9 Aneurysm diameter, age, ASA 
classification, gender, creatinine levels and three different neck characteristics were 
identified as risk factors. This risk score uses a freely accessible online calculator and 
is therefore a promising new score for daily practise but further external validation 
must be awaited. Since 2008 several other risk models have been published for elective 
treatment of AAAs. In Table 1 the results of these studies are summarized.1, 10-15 In contrast 
to the studies published before 2008 which were mainly risk models for patients treated 
with open surgery, risk models started to include also endovascular treated patients. 
Some of the studies choose to make separate risk models for open and endovascular 
treated patients and some made a single risk model for both treatments.
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Vascular Study Group of Northern New England (VSGNNE) Score, 2009
This study aimed to provide a risk model for one year mortality after initial open or 
endovascular surgery.10 The choice to use the one year mortality instead of the three or 
five year mortality was because the one year mortality corresponded with the one year 
rupture risk and was less clouded by mortality from cancer or heart disease. They made 
two separate models, one for open surgically treated patients and one for endovascular 
treated patients. The risk factors included in the models after multivariate analysis 
are shown in Table 2. There were no similar risk factors between the two models and 
there was not enough data to support a risk model which would identify the one year 
mortality after EVAR accurately. Table 3 describes all formulas of the elective AAA risk 
scores mentioned. This score uses just a few easy to obtain variables but does not 
provide an online tool to calculate it.

TABLE 3 Formulas of mentioned risk prediction models for ruptured aneurysms.

Risk model Formula

Australian 
Audit score

See: www.surgeons.org/asernip-s/audit.htm 

VSGNNE Risk factors: Age >70 years, Creatinine >1.8 mg/dL, COPD, suprarenal clamp.
Risk score is number of risk factors present

Medicare Patient characteristics = 4 x female + 1 x age 70-75 years + 1 x 75-80 years + 1 x >80 years
Comorbidities = 9 x end-stage renal disease + 6 x 
congestive heart failure +3 x vascular disease
Treatment effect = 12 x open surgery
Sum = patient characteristics + comorbidities + treatment effect

Cleveland Points deriving from a nomogram rewarded for age, aroticdiameter, chronic 
heart failure, COPd, oxygen dependence and ASA classification.

VGNW 30 day mortality = exp (-9.3431 + [0.0486 x age (continuous in years)] + [0.7322 x female 
sex] + [0.6620 x diabetes] + [0.0073 x creatinine (continuous in µmol/l)] + [0.4718 x 
respiratory disease] + [0.7762 x antiplatelet medication] + [1.3130 x open surgery]

VSGNE Major criteria: Unstable angina or recent MI 4 points, Age > 80 years 3 points, 
oxygen-dependent COPD 3 points, eGFR <30mL/min/1.73 m2 3 points.
Minor criteria: Age 75-70 years 2 points, prior MI, stable angina 1 
point, not taking aspirin 1 point, not taking statin 1 point.

NSQIP Dyspnoe (none 0 points, on moderate exertion 2 points, at rest 8 points)
Previous peripheral revascularization or amputation (no 0 points, 3 points)
Age >65 years (No 0 points, Yes 3 points)
Creatinine > 1.5 mg/dL (No 0 points, Yes 2 points)
Platelets <150,00/mm3 or >350,000/mm3 (No 0 points, Yes 2 points)
Sex (male 0 points, female 2 points)

BAR score See: http://www.britishaneurysmrepairscore.com/
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Medicare score, 2009
They included all Medicare beneficiaries age 67 years or older between 2001 and 2004 
who underwent endovascular or open elective AAA repair.11 Predictors for 30 day or in-
hospital mortality included in the model are stated in Table 2. They created matched 
populations undergoing endovascular and open treatment to avert the bias of having 
differing candidate populations. The Medicare score was externally validated in a British 
dataset in which it showed acceptable discrimination of 0.78 (95% confidence interval 
[CI] 0.70-0.86) and also in a dataset from the Dutch Randomized Endovascular Aneurysm 
Management (DREAM) trial which should an AUC of 0.77 (95% CI 0.64-0.90). This means 
the Medicare model is sufficiently accurate to calculate mortality in patients with an 
AAA in the elective setting.16

Cleveland Score, 2010
Data for the Cleveland Score was collected from 1998 and 2005 and included 412 
patients for the development, and 697 patients for the validation of the model. They 
only included elective endovascular treated patients for the Cleveland score and aimed 
to predict the 2 year, 4 year and 8 year mortality.12 Although this score has potential as 
it uses easy to obtain clinical variables and aims to predict very long-term survival after 
EVAR, the AUC is not ideal and it has to be externally validated further.

Vascular Governance North West (VGNW) Score, 2011
From the 2765 included patients, 829 open and endovascular treated patients were 
used for the validation of the model.13 Age, female sex, diabetes, creatinine, respiratory 
disease, antiplatelet medication and open surgery were identified as risk factors. Grant 
et al. externally validated this model in a separate article using a VSGW dataset with data 
collected between 2011 and 2013.17 This showed acceptable discrimination with an 
AUC of 0.75 (95% CI 0.65-0.84). In the DREAM trial database the VSNW Score showed an 
AUC of 0.88 (95% CI 0.81-0.95), which means this score can be reliably used to calculate 
mortality for patients eligible for treatment of their aneurysm.16

Vascular Study Group of New England (VSGNE) elective aneurysm score, 
2013
Prospectively collected data on 2367 patients with an infra-renal AAA smaller than 
6.5cm were included.1 The developed risk score in this study aims to predict 5-year 
survival rates after open or endovascular repair. The data showed higher-risk patients 
were less likely to be receiving statin or aspirin use and also good 5-year survival 
rates but only included patient with aneurysms smaller than 6.5 cm. Other identified 
risk factors next to the use of statin or aspirin were age, kidney function, pulmonary 
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comorbidity and cardiac diseases. Using their risk model they identified significant 
differences in the survival of low-, medium- and high-risk patients (85%, 69% and 43% 
respectively). Further validation needs to be done for this model as validation outcomes 
are not mentioned before implementation in pre-operative counselling.

National Surgical Quality Improvement Program (NSQIP) Score
Developed only for elective open surgery, this study included as many as 43 variables of 
which six were identified as risk factors after multivariate analysis (Table 2).14 The NSQIP 
score was not validated in another dataset yet, so the definitive value of this model is 
unclear so far.

British Aneurysm Repair (BAR) Score
This prediction study consisted of 11423 (4940 open repairs, 6483 EVARs) patients from 
the National Vascular Database (England).15 The BAR score was externally validated and 
showed the best discrimination with an AUC of 0.83 (95% CI 0.76-0.89) of the validated 
studies.16, 17 It also showed good discrimination in the repair subgroup analysis; AUC 0.70 
for open surgery and AUC 0.75 for EVAR. This was confirmed in an external validation 
in the DREAM trial dataset with an AUC of 0.79 (95% CI 0.67-0.91) which means it can 
accurately calculate mortality prior to treatment of patients with an AAA. The BAR score 
was made easily accessible and can be calculated by going to their website: www.
britishaneurysmrepairscore.com. An easy-to-find website or app makes a risk score a 
tool which can be used without taking too much valuable time.

Risk models for ruptured abdominal aortic aneurysms

Hardman Index, 1996
Just two years after the previously described Glasgow Aneurysm Score, the Hardman 
index from an Australian dataset was published.18 See Table 4 for characteristics 
from all ruptured AAA risk models.7, 8, 18-21 In this study, ultrasonography or computed 
tomography (CT-scan) were only performed if the clinician was in doubt of the 
diagnosis. Five variables were identified to be significantly associated with the 30 day 
or in-hospital mortality (Table 5). The discrimination or validation was not specifically 
mentioned. External validation of the Hardman index showed that this score was not 
associated with the observed mortality.22 Its usefulness remains doubtful therefor. 
Table 6 describes all formulas of the ruptured AAA risk scores mentioned.
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TABLE 5 Study variables used in the ruptured risk models after multivariate analysis.

Studies
Variables

Hardman
Hardman 

index

Chen
Vancouver 

preoperative 
rAAA model

Tambyraja
ERAS

Robinson
VSGNE rAAA

Wise
ANN-4

Von 
Meijenfeldt

DAS

Age X X X X X

Kidney function 
(creatinin or GFR)

X

Hemoglobin X X X

Cardiac arrest X X

Cardiopulmonary 
resuscitation

X X

Abnormal ECG X

Suprarenal aortic 
clamp site

X

Loss of 
conciousness

X X X X

Glasgow 
Coma Score

X

Systolic blood 
pressure

X X

Signs of shock X

Vancouver model, 1996
Published in the same year as the Hardman Index, this model from Canada included both 
ruptured (157 patients) and non-ruptured patients (478 patients) all treated with open 
surgery.19 They also identified postoperative variables who contributed to mortality as 
well. Examples of these variables are coagulopathy, ischemic colitis, >48 hours inotropes, 
time to admission to the operating room, age, perioperative myocardial infarction, 
renal failure and haemoglobin levels. This study was the first to discuss the risk factors 
in the post-operative setting which can be very useful information for the clinician in 
postoperative counselling with the patient and the family. There was no mentioning of 
validation in the original article for both pre-operative and postoperative models. In an 
external validation study of van Beek et al., including 449 patients, the Vancouver score 
showed a discrimination of AUC 0.72 but it showed an considerable overestimation of 
death.23 The accuracy of this score has yet to be determined as multiple studies report 
conflicting results for discrimination and calibration.
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TABLE 6 Formulas of mentioned risk prediction models for ruptured aneurysms.

Risk model Formula

Glasgow 
Aneurysm score

Age + 17 for shock + 7 for myocardial disease + 10 for 
cerebrosvascular disease + 14 for renal disease.

Hardman index Risk factors: Age > 76 years, ECG ischemia, Creatinine 
>0.19 mmol/L, loss of consciousness, Hb <9 (g%)
Risk score is number of risk factors present

Vancouver score Ex / (1 + Ex)
x = (-3.44) + [sum of coefficients of significant variables]
Sum = (age x 0.062) + (Reduced consciousness; yes: 1.14, 
no: -1.14) + (cardiac arrest; yes: 0.6, no: -0.6)

Edinburg ruptured 
aneurysm score

Risk factors: Hemoglobin <9 g/dl, blood pressure 
<90 mmHg, Glasgow coma scale <15.
Risk score is number of risk factors present. 

Vascular Study 
Group of New 
England

Age >76 x 2 + Cardiac arrest x 2 + Loss of consciousness x 1 + Suprarenal clamp x 1

Artificial Neural 
Network

Risk factors: Age ≤ 70 years, loss of consciousness, 
shock en cardiopulmonary resuscitation
Risk score is number of risk factors present
https://redcap.vanderbilt.edu/surveys/?s=NN97NM7DTK 

Dutch Aneurysm 
Score

DAS = (age x 0.074) + (systolic blood pressure/10 x -0.12) + (1 
for cardiopulmonary resuscitation) + ((Hb/10)^3 * -1.27)
Ln (odds) = -4.73 + DAS
30 day death rate = exp (ln(odds)) / (1 + exp (ln(odds)))
www.dutchaneurysmscore.com 

Edinburgh Ruptured Aneurysm Score (ERAS), 2007
After 11 years of no new risk models for ruptured aneurysms the ERAS was published.20 
Unfortunately, the discriminative performance or calibration was not tested, meaning 
the usefulness and reliability cannot be judged in the initial article. External validation 
showed an poor discrimination of AUC 0.58.23 Calibration was not assessed because the 
AUC was <0.70. The AUC of the ERAS in the VSGNE database proved to be 0.67.8 This 
suggests the prediction of death calculated by the ERAS is not sufficient enough for 
daily practice.

Vascular Study Group of New England (VSGNE) Score, 2013
The VSGNE study included more than twice as many patients as the ERAS (242 patients).8 
This study took the opportunity to externally validate existing risk scores in their 
dataset. The discrimination of the GAS, Hardman Index, Vancouver Score and ERAS were 
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calculated with an AUC of 0.74, 0.72, 0.76 and 0.67 respectively. They stated that it is 
important to have a separate risk score for open repair because it could help to prevent 
selection bias in the comparison of open or endovascular repair.

Artificial Neural Network (ANN-4) Score, 2015
Recently published, this risk score was based on a 125 open and endovascular treated 
patients and was developed with an artificial neural network.21 This relatively new tool 
can be taught to model a dataset by imputation of selected patient data. This way the 
program can be taught to see the complex relationship among the variables and in the 
end predict end-points. First they developed an analogue score including age, loss of 
consciousness, signs of shock and cardiopulmonary resuscitation (CPR). This provided 
an excellent AUC of 0.85±0.04. After imputation in the ANN the discrimination increased 
to 0.88±0.04 in the training set of 86 patients and a discrimination of 0.95±0.06 in the 
validation dataset of 21 patients. External dataset validation was not present. These 
results suggest ANN methods have potential to provide reliable risk scores even though 
the included number of patients are small.

Dutch Aneurysm Score (DAS), 2015
This newly developed risk score included 815 ruptured aneurysm patients who were 
treated with open repair or endovascular repair.7 The data derived from three tertiary 
hospitals of which one was used to develop the risk score and the other two datasets 
were used for external validation. Only variables which were easy to obtain in the 
preoperative setting were included for analysis. Age, hemoglobin level, CPR and systolic 
blood pressure were identified as risk factors after multivariate regression analysis. The 
Dutch Aneurysm Score showed a good discrimination at internal validation (Table 4) 
and an excellent discrimination at external validation. Compared to the DAS the GAS 
had a lower AUC. The DAS had also the ability to identify patients with a death rate of 
over 80%, which was not possible with the GAS. This is not only helpful in identifying 
which patients might not be suited for repair, it is also helpful in identifying who indeed 
is suited for repair. This could potentially lower the number of patients rejected for 
ruptured aneurysm repair and therefore the turndown rate.

Clinical practice and shared decision making with risk scores
Besides good statistical performance of a risk model, it needs to be an easily accessible 
and practical tool to implement it in daily practise. Preferably the variables used in the 
score are already included in standard pre-operative work-up. For ruptured aneurysms it 
is vital to include easy but especially fast to obtain variables. Nowadays, with electronic 
patient records, the variables could even be linked to an automated calculator. Another 
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option is a website or an app based risk model which makes it easy to access and fill in 
the different variables. The calculated predicted risk of mortality is valuable information 
to discuss with the patient and their family in the preoperative counselling. Preventive 
surgery as elective aneurysm repair is, is especially well suited for shared decision 
making (SDM). This demands more specific information which has to be presented 
to the patient in an understandable manner. To enhance SDM by patients with an 
asymptomatic abdominal aortic aneurysm a patient decision aid is developed.24 With 
such a patient decision aid, the patients can be informed about different treatments and 
they can explore their own preferences. In the SDM process on the out outpatient clinic 
the patient should be provided with the best tailored risk benefit balance in order to 
base his or her decision on. A good prediction model can aid significantly in this process 
as it provides a good patient tailored approach and may help patient decision making. 
The authors state that it might improve satisfaction, quality of life after treatment and 
prevent anxiety. In the emergency ward a good prediction model may help to decide 
on treatment or to withhold treatment. Also in the emergency setting of a ruptured 
aneurysm the clinician can discuss with the patient and their family what their own 
wishes for treatment or no treatment are after an explanation on what the condition 
and its treatment involves.

DISCUSSION

This overview of risk scores for elective and ruptured aortic aneurysms shows that a wide 
range of scores have been published, all with their own advantages and disadvantages.

An ideal risk score for elective aneurysm includes physical and anatomical variables which 
are routinely obtained measurements, has excellent discrimination and calibration, is 
validated in different geographical areas and easy to use. The same applies to ruptured 
aneurysm scores only the selection of variables is even more important as they must 
be very easy and rapid to obtain in the preoperative setting. It applies to all aneurysm 
patients regardless the predicted mortality.

Being able to interpret an article on a new risk score depends on what information is given 
by the authors. As previously mentioned, different tools for the reporting and statistical 
analysis of risk scores have been published.3, 4 Like in any other article the purpose of the 
study must be clearly stated. Important is to mention the primary outcome (for example 
in-hospital and 30-day mortality) and describe all variables included in the analysis 
with possible references. This will make it easier for other researchers to use the same 
definitions for their own research so studies can be compared more reliably. In ruptured 
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aneurysm risk scores it is illustrative for daily practice to describe the protocol that is 
used for the care in the emergency department. For example if permissive hypotension 
is used, if patients always get an ultrasound and/or a computerised tomography 14 

angiography and what protocol has been used for this. To derive the model from all 
included clinical variables a univariate and multivariate analyses must be done. After this, 
the performance of the score is tested by calculating the discrimination and calibration. 
For clinical implementation, risk scores must be made easily accessible by providing a 
website or an app, so time for calculating mortality is reduced to a minimum.

For the elective aneurysms the BAR Score looks the most promising. The strongest 
features of this study are the high number of patients included, i.e. 11423 patients, 
and it showed good discrimination with an AUC of 0.774.15 The Medicare included far 
more patients but had a lower discrimination.11 The BAR score and Medicare score both 
were made to predict the in-hospital mortality but after elective aneurysm repair, the 
long term survival of patients is also interesting for preoperative counselling. For this, 
De Martino designed a risk score predicting the 5 year survival after elective repair.1 It 
showed that low risk patients had a survival rate of 85% in contrast to a survival rate 
of 43% in high-risk patients. Another promising score especially made for elective 
endovascular repair is the Australian Audit Risk Model for EVAR which aims to predict 
survival but also the chances of re-interventions, endoleaks and graft complications.5 
Further validation needs to done before this scores can be used reliably in daily practice.

All published ruptured aneurysm risk scores before 2014 only included open repair. The 
GAS was the first risk score published and validated and can be used for both elective 
and ruptured aneurysms.5 This score is validated multiple times with variable results 
but mainly showing adequate discrimination and calibration. The ruptured VSGNE score 
showed a good discrimination which makes it potentially useful in daily practice but 
only open repair was included. The recently published ANN-4 Score did include open 
repair as well as endovascular repair, had very good discrimination results but only 
included 125 patients and lacked external validation. Nevertheless, the artificial neural 
network shows to be a promising method of establishing reliable risk scores. The DAS 
included a relatively high amount of patients treated with open repair and showed 
good discrimination and (external) validation results and was able to identify high risk 
patients. The ANN and the DAS both provided clinicians with a website to calculate the 
mortality. To appreciate the newest scores they need to be further validated in as many 
geographically different databases as possible.
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CONCLUSIONS

Multiple risk scores have been published for elective and ruptured aortic aneurysms. 
The results in validation and calibration of the risk models differ greatly as well as 
the included variables but several risk models show sufficient accuracy to calculate 
mortality after treatment of ruptured or elective AAA. Risk models can be very 
illustrative for the clinician to use in preoperative counselling of the patient and their 
family. Not only can risk scores identify patients that would not benefit from repair, it 
can also potentially identify patients who indeed would benefit and therefore lower 
turndown rates. The challenge for further research is to develop an ideal risk model with 
perfect discrimination and calibration and to expand on validation of already existing 
promising risk scores. Such an optimal model should be integrated with an option grid 
or patient decision aid to facilitate SDM.



75

Risk assessment and risk scores in the management of AAA

REFERENCES

1. De Martino RR, Goodney PP, Nolan BW, et al. Optimal selection of patients for elective 
abdominal aortic aneurysm repair based on life expectancy. J Vasc Surg. 2013; 58: 589-95.

2. Eefting D, Von Meijenfeldt GC, Ultee KH, et al. Ruptured AAA: state of the art management. J 
Cardiovasc Surg (Torino). 2013; 54: 47-53.

3. Steyerberg EW and Vergouwe Y. Towards better clinical prediction models: seven steps for 
development and an ABCD for validation. Eur Heart J. 35: 1925-31.

4. Collins GS, Reitsma JB, Altman DG, et al. Transparent reporting of a multivariable prediction 
model for individual prognosis or diagnosis (TRIPOD): the TRIPOD statement. BMJ. 2015; 350: 
g7594.

5. Patterson BO, Holt PJ, Hinchliffe R, et al. Predicting risk in elective abdominal aortic aneurysm 
repair: a systematic review of current evidence. Eur J Vasc Endovasc Surg. 2008; 36: 637-45.

6. Samy AK, Murray G and MacBain G. Glasgow aneurysm score. Cardiovasc Surg. 1994; 2: 41-4.
7. von Meijenfeldt GC, van Beek, S.C., Bastos Gonçalves, F., Verhagen, H.J.,  Zeebregts, C.J., 

Vahl, A.C., Wisselink, W., van der Laan, M.J., Balm, R. Development and external validation 
of a model predicting death after surgery in patients with a ruptured abdominal aortic 
aneurysm; the Dutch Aneurysm Score. EJVES. 2015; Submitted.

8. Robinson WP, Schanzer A, Li Y, et al. Derivation and validation of a practical risk score for 
prediction of mortality after open repair of ruptured abdominal aortic aneurysms in a US 
regional cohort and comparison to existing scoring systems. J Vasc Surg. 2013; 57: 354-61.

9. Barnes M, Boult M, Maddern G, et al. A model to predict outcomes for endovascular aneurysm 
repair using preoperative variables. Eur J Vasc Endovasc Surg. 2008; 35: 571-9.

10. Beck AW, Goodney PP, Nolan BW, et al. Predicting 1-year mortality after elective abdominal 
aortic aneurysm repair. J Vasc Surg. 2009; 49: 838-43; discussion 43-4.

11. Giles KA, Schermerhorn ML, O'Malley AJ, et al. Risk prediction for perioperative mortality of 
endovascular vs open repair of abdominal aortic aneurysms using the Medicare population. 
J Vasc Surg. 2009; 50: 256-62.

12. Mastracci TM, Greenberg RK, Hernandez AV, et al. Defining high risk in endovascular 
aneurysm repair. J Vasc Surg. 2010; 51: 1088-95 e1.

13. Grant SW, Grayson AD, Purkayastha D, et al. Logistic risk model for mortality following 
elective abdominal aortic aneurysm repair. Br J Surg. 2011; 98: 652-8.

14. Ramanan B, Gupta PK, Sundaram A, et al. Development of a risk index for prediction of 
mortality after open aortic aneurysm repair. J Vasc Surg. 2013; 58: 871-8.

15. Grant SW, Hickey GL, Grayson AD, et al. National risk prediction model for elective abdominal 
aortic aneurysm repair. Br J Surg. 2013; 100: 645-53.

16. van Beek SC, Blankensteijn JD, Balm R, et al. Validation of three models predicting in-hospital 
death in patients with an abdominal aortic aneurysm eligible for both endovascular and 
open repair. J Vasc Surg. 2013; 58: 1452-7 e1.



76

Chapter 4

17. Grant SW, Hickey GL, Carlson ED, et al. Comparison of three contemporary risk scores for 
mortality following elective abdominal aortic aneurysm repair. Eur J Vasc Endovasc Surg. 
2014; 48: 38-44.

18. Hardman DT, Fisher CM, Patel MI, et al. Ruptured abdominal aortic aneurysms: who should 
be offered surgery? J Vasc Surg. 1996; 23: 123-9.

19. Chen JC, Hildebrand HD, Salvian AJ, et al. Predictors of death in nonruptured and ruptured 
abdominal aortic aneurysms. J Vasc Surg. 1996; 24: 614-20; discussion 21-3.

20. Tambyraja A, Murie J and Chalmers R. Predictors of outcome after abdominal aortic aneurysm 
rupture: Edinburgh Ruptured Aneurysm Score. World J Surg. 2007; 31: 2243-7.

21. Wise ES, Hocking KM and Brophy CM. Prediction of in-hospital mortality after ruptured 
abdominal aortic aneurysm repair using an artificial neural network. J Vasc Surg. 2015; 62: 
8-15.

22. Gatt M, Goldsmith P, Martinez M, et al. Do scoring systems help in predicting survival 
following ruptured abdominal aortic aneurysm surgery? Ann R Coll Surg Engl. 2009; 91: 123-
7.

23. van Beek SC RJ, Vahl AC, Wisselink W, Peters RJG, Legemate DA, Balm R. External validation 
of four models predicting survival after ruptured abdominal aortic aneurysm repair. EJVES. 
2014.

24. Ubbink DT, Knops AM, Molenaar S, et al. Design and development of a decision aid to 
enhance shared decision making by patients with an asymptomatic abdominal aortic 
aneurysm. Patient Prefer Adherence. 2008; 2: 315-22.







5
Results from a nationwide prospective registry 

on open surgical or endovascular repair of 
juxtarenal abdominal aortic aneurysms

Gerdine C.I. von Meijenfeldt, Anna J. Alberga, Ron Balm, Anco C. Vahl, Hence J.M. 
Verhagen, Jan D. Blankensteijn, Clark J. Zeebregts, Maarten J. van der Laan

Submitted



80

Chapter 5

COLLABORATORS DSAA:

Van den Akker PJ, Akkersdijk GJ, Akkersdijk GP, Akkersdijk WL, van Andringa de Kempenaer 
MG, Arts CH, Avontuur JA, Bakker OJ, Balm R, Barendregt WB, Bekken JA, Bender MH, 
Bendermacher BL, van den Berg M, Berger P, Beuk RJ, Blankensteijn JD, Bleker RJ, Blok JJ, Bode 
AS, Bodegom ME, van der Bogt KE, Boll AP, Booster MH, Borger van der Burg BL, de Borst GJ, 
Bos- van Rossum WT, Bosma J, Botman JM, Bouwman LH, Brehm V, de Bruijn MT, de Bruin JL, 
Brummel P, van Brussel JP, Buijk SE, Buijs MA, Buimer MG, Burger DH, Buscher HC, Cancrinus 
E, Castenmiller PH, Cazander G, Coester AM, Cuypers PH, Daemen JH, Dawson I, Dierikx JE, 
Dijkstra ML, Diks J, Dinkelman MK, Dirven M, Dolmans DE, van Doorn RC, van Dortmont LM, 
Drouven JW, van der Eb MM, Eefting D, van Eijck GJ, Elshof JW, Elsman BH, van der Elst A, van 
Engeland MI, van Eps RG, Faber MJ, de Fijter WM, Fioole B, Fokkema TM, Frans FA, Fritschy 
WM, Fung Kon Jin PH, Geelkerken RH, van Gent WB, Glade GJ, Govaert B, Groenendijk RP, de 
Groot HG, van den Haak RF, de Haan EF, Hajer GF, Hamming JF, van Hattum ES, Hazenberg 
CE, Hedeman Joosten PP, Helleman JN, van der Hem LG, Hendriks JM, van Herwaarden JA, 
Heyligers JM, Hinnen JW, Hissink RJ, Ho GH, den Hoed PT, Hoedt MT, van Hoek F, Hoencamp 
R, Hoffmann WH, Hogendoorn W, Hoksbergen AW, Hollander EJ, Hommes M, Hopmans CJ, 
Huisman LC, Hulsebos RG, Huntjens KM, Idu MM, Jacobs MJ, van der Jagt MF, Jansbeken JR, 
Janssen RJ, Jiang HH, de Jong SC, Jongbloed-Winkel TA, Jongkind V, Kapma MR, Keller BP, 
Khodadade Jahrome A, Kievit JK, Klemm PL, Klinkert P, Koedam NA, Koelemaij MJ, Kolkert 
JL, Koning GG, Koning OH, Konings R, Krasznai AG, Krol RM, Kropman RH, Kruse RR, van 
der Laan L, van der Laan MJ, van Laanen JH, van Lammeren GW, Lamprou DA, Lardenoye 
JH, Lauret GJ, Leenders BJ, Legemate DA, Leijdekkers VJ, Lemson MS, Lensvelt MM, Lijkwan 
MA, Lind RC, van der Linden FT, Liqui Lung PF, Loos MJ, Loubert MC, van de Luijtgaarden 
KM, Mahmoud DE, Manshanden CG, Mattens EC, Meerwaldt R, Mees BM, von Meijenfeldt 
GC, Menting TP, Metz R, Minnee RC, de Mol van Otterloo JC, Molegraaf MJ, Montauban van 
Swijndregt YC, Morak MJ, van de Mortel RH, Mulder W, Nagesser SK, Naves CC, Nederhoed 
JH, Nevenzel-Putters AM, de Nie AJ, Nieuwenhuis DH, Nieuwenhuizen J, van Nieuwenhuizen 
RC, Nio D, Noyez VJ, Oomen AP, Oranen BI, Oskam J, Palamba HW, Peppelenbosch AG, van 
Petersen AS, Petri BJ, Pierie ME, Ploeg AJ, Pol RA, Ponfoort ED, Post IC, Poyck PP, Prent A, ten 
Raa S, Raymakers JT, Reichart M, Reichmann BL, Reijnen MM, de Ridder JA, Rijbroek A, van 
Rijn MJ, de Roo RA, Rouwet EV, Saleem BR, Salemans PB, van Sambeek MR, Samyn MG, van 
’t Sant HP, van Schaik J, van Schaik PM, Scharn DM, Scheltinga MR, Schepers A, Schlejen PM, 
Schlosser FJ, Schol FP, Scholtes VP, Schouten O, Schreve MA, Schurink GW, Sikkink CJ, te Slaa 
A, Smeets HJ, Smeets L, Smeets RR, de Smet AA, Smit PC, Smits TM, Snoeijs MG, Sondakh AO, 
Speijers MJ, van der Steenhoven TJ, van Sterkenburg SM, Stigter DA, Stokmans RA, Strating 
RP, Stultiëns GN, Sybrandy JE, Teijink JA, Telgenkamp BJ, Teraa M, Testroote MJ, Tha-In T, 
The RM, Thijsse WJ, Thomassen I, Tielliu IF, van Tongeren RB, Toorop RJ, Tournoij E, Truijers 
M, Türkcan K, Tutein Nolthenius RP, Ünlü Ç, Vaes RH, Vafi AA, Vahl AC, Veen EJ, Veger HT, 



81

Dutch outcomes after juxtarenal aneurysm treatment

Veldman MG, Velthuis S, Verhagen HJ, Verhoeven BA, Vermeulen CF, Vermeulen EG, Vierhout 
BP, van der Vijver-Coppen RJ, Visser MJ, van der Vliet JA, Vlijmen - van Keulen CJ, Voorhoeve 
R, van der Vorst JR, Vos AW, de Vos B, Vos CG, Vos GA, Voute MT, Vriens BH, Vriens PW, de 
Vries AC, de Vries DK, de Vries JP, de Vries M, van der Waal C, Waasdorp EJ, Wallis de Vries 
BM, van Walraven LA, van Wanroij JL, Warlé MC, van de Water W, van Weel V, van Well AM, 
Welten GM, Welten RJ, Wever JJ, Wiersema AM, Wikkeling OR, Willaert WI, Wille J, Willems 
MC, Willigendael EM, Wilschut ED, Wisselink W, Witte ME, Wittens CH, Wong CY, Wouda R, 
Yazar O, Yeung KK, Zeebregts CJ, van Zeeland ML.



82

Chapter 5

ABSTRACT

Background
Juxtarenal abdominal aortic aneurysms (JRAAA) can be treated either with open 
surgical repair (OSR) including suprarenal clamping or by complex endovascular 
aneurysm repair (cEVAR). In this study we present the comparison between the short-
term mortality and complications of the elective JRAAA treatment modalities from a 
national database reflecting daily practice in the Netherlands.

Methods
All patients undergoing elective JRAAA repair between January 2016 and December 
2018 registered in the Dutch Surgical Aneurysm Audit (DSAA) were eligible for 
inclusion. Descriptive perioperative variables and outcomes were compared between 
patients treated with open surgery or endovascularly. Adjusted odds ratios for short-
term outcomes were calculated by logistic regression analysis.

Results
In all, 455 primary treated JRAAA patients could be included (258 OSR, 197 cEVAR). 
Younger patients and female patients were treated more often with OSR vs cEVAR 
(72±6.1 vs. 76±6.0, p<0.001, 22% vs 15%, p=0.047, respectively). Patients treated with 
OSR had significantly more major and minor complications as well as a higher chance 
of early mortality (OSR: cEVAR, 45% vs. 21%, p<0.001; 34% vs. 23%, p =0.011; 6.6% vs. 
2.5%, p=0.046, respectively). After logistic regression with adjustment for confounders, 
patients who were treated with OSR showed an odds ratio of 3.64 (95%CI 2.25-5.89, 
p<0.001) for major complications compared to patients treated with cEVAR and for 
minor complications the odds ratios were 2.17 (95%CI 1.34-3.53, p=0.002) higher. For 
early mortality the odds ratios were 3.79 (95%CI 1.26-11.34, p=0.017) higher after OSR 
compared to cEVAR.

Conclusion
In this study, after primary elective OSR for JRAAA the odds for major complications, 
minor complications, and short-term mortality were significantly higher compared to 
cEVAR. Selection bias and study size should be taken into account when interpreting 
the data.
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INTRODUCTION

Due to the lower mortality and its minimal invasive character, endovascular aneurysm 
repair (EVAR) has been widely implemented in daily practice and is the preferred 
method of treatment of abdominal aortic aneurysm (AAA) in most practices1. Since 
the introduction of EVAR almost three decades ago, an increasing amount of research 
has focused on the differences between open surgery and EVAR to treat AAA2-5. Several 
trials on elective infrarenal aneurysm showed a survival advantage for EVAR in the short-
term6. This advantage was, however, lost after 3 years of follow-up.

The Dutch Surgical Aneurysm Audit (DSAA) is a mandatory nationwide audit for all 
patients treated for an aortic aneurysm in the Netherlands introduced in 20137. Previous 
research from this database between 2013 and 2015 showed a combined mortality 
for open surgery and EVAR of 1.9% for infra- and juxtarenal aortic aneurysms (JRAAA) 
combined. So far, little specific data is published on outcomes of JRAAA repair while 
JRAAAs account for roughly 15% of all AAAs8. As JRAAAs demand a different, more 
complex, approach in open surgery (suprarenal clamping) and in complex endovascular 
repair (cEVAR; chimney EVAR (CHEVAR) or fenestrated EVAR (FEVAR)), outcomes after 
JRAAA treatment are most likely different from treatment of infrarenal aneurysms. 
Therefore, JRAAAs should be evaluated separately in observational research as well 
as in a randomized trial. Consequently, this study evaluates the most recent short-
term outcomes after elective juxtarenal aortic repair in a consecutive cohort from a 
nationwide database reflecting daily practice in the Netherlands.

METHODS

This is a retrospective study performed on a prospectively collected registry. We 
followed the STROBE guidelines reporting this study.

Data source
The dataset was derived from the DSAA. The DSAA is a compulsory nationwide audit 
which was initiated in 2013 and prospectively registers all patients treated for an aortic 
aneurysm (infrarenal-, juxtarenal-, suprarenal aneurysms) either with open surgery 
or with cEVAR. The purpose of the DSAA is to monitor quality and improve outcomes 
after aortic aneurysm treatment. Surgeons register their data via a web-based survey 
or deliver the data as a data file. Our research group was granted permission by the 
DSAA scientific and ethical committee after submitting a research proposal to evaluate 
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all JRAAA patients treated in the Netherlands between January 2016 and December 
2018. From the DSAA we received anonymized data for the analysis. The study complied 
with the Declaration of Helsinki.

FIGURE 1 Patient selection. Abbreviations: JRAAA: Juxtarenal abdominal aortic aneurysm, DSAA: 
Dutch Surgical Aneurysm Audit, OSR: open surgical repair, EVAR: endovascular aneurysm repair
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Study population
Between 2016 and 2018, 12.194 patients were registered in the DSAA with an aortic 
aneurysm. In this dataset 1243 patients were registered having a JRAAA. Elective, 
primary, atherosclerotic JRAAAs were included. In Figure 1 the exact flow diagram of 
patient in- and exclusion is drawn. The final database consisted of 455 electively and 
primarily treated JRAAA patients in 44 Dutch hospitals; 258 patients treated with OSR 
and 197 with cEVAR.

Definitions
A juxtarenal aortic aneurysm is generally defined as an aortic aneurysm extending 
up to, but not involving the renal arteries, i.e. a short infrarenal aortic neck <10mm, 
necessitating inter-renal, suprarenal below the superior mesentery artery, or infra- or 
supra coeliac clamping9, 10. The DSAA database included all patients who were marked 
as segment C AAA and JRAAA by the registering clinicians. Segment C aneurysm was 
defined as an aortic aneurysm distally from the superior mesenteric artery. Suprarenal 
clamping was defined as clamping above one or both renal arteries. As the DSAA 
database did not provide us with anatomical features to check if all included patients 
met the formal definition of a juxtarenal aneurysm, we used operation characteristics to 
approximate the formal anatomical definition. We excluded all patients with infrarenal 
clamping in the OSR treatment group, because when infrarenal clamping is used it 
is more likely to be an infrarenal aneurysm and therefore misclassification is likely. If 
patients were endovascularly treated, they had to have undergone some type of branch 
inclusion in the reconstruction, i.e. CHEVAR, or FEVAR. Patients treated with FEVAR with 
four fenestrations and branched EVAR (BEVAR) were excluded because in most cases 
BEVAR is used for suprarenal aneurysms and therefore misclassification is most likely. 
Study variables included all pre-operative variables and peri-operative variables which 
are compulsory to submit for every aneurysm patient DSAA registration. Some study 
variables included the option ‘unknown’.

Preoperative cardiac status was recorded in the DSAA registry as the presence of (1) no 
cardiac history, (2) medication for hypertension, angina pectoris, diuretics, or digoxin, 
(3) presence of peripheral edema of use of coumarins or borderline cardiomyopathy 
(4) presence of an elevated central venous pressure or cardiomegaly, and (5) unknown. 
Preoperative pulmonary status was recorded in the registry as the presence of (1) no 
pulmonary history, (2) presences of dyspnea during exercise, (3) presence of severe 
dyspnea being invalidating dyspnea, dyspnea at rest, consolidation and lung fibrosis, 
and (4) unknown. ECG abnormalities consisted of atrial fibrillation, ischemia or any 
other abnormalities on ECG. 
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A cardiac complication is recorded as yes if myocardial infarction, decompensated 
heart failure, cardiac arrhythmias, or other cardiac complications occurred. Pulmonary 
complications are recorded as yes if pneumonia, pulmonary embolism, pneumothorax, 
or other pulmonary complications occurred. Renal complications are recorded as 
yes if renal insufficiency not requiring haemodialysis or renal insufficiency requiring 
haemodialysis occurred. Neurologic complications are recorded as yes if cerebrovascular 
accident, paraplegia, delirium, or other neurological complications occurred. Abdominal 
complications are recorded as yes if abdominal abscess, abdominal sepsis, ileus, spleen 
injury, bowel ischemia, bowel injury, stoma placement, or other abdominal complications. 
Arterial occlusions are recorded as yes if (major) amputation, renal artery arterial 
occlusion, or other arterial occlusion (including trash foot) occurred. Reconstruction 
and prosthesis related complications are recorded as yes if prothesis infection, prothesis 
migration, or other reconstruction and prothesis related complications occurred. 
Wound complications are recorded as yes if deep wound infection, fascia dehiscence 
or other wound complications occurred. Postoperative bleeding was marked as yes if 
a postoperative bleeding occurred. Infection (non-surgical) was marked as yes when 
an infection occurred that was not a surgical or pulmonary infection. The category 
‘other’ complications is any other complication which occurred within 30 days or within 
hospital admission that did not fit any of the other categories.

The primary end-point was early mortality and secondary end-points were major and 
minor complications within 30 days, re-intervention/re-operations within 30 days and 
unplanned readmission within 30 days after discharge. Early mortality was defined 
as death within 30 days after treatment or within initial hospital admission. A major 
complication was defined as any post-operative adverse event causing a prolonged 
hospital stay, re-intervention or early mortality, with a maximum of one major 
complication11. A minor complication was defined as any post-operative adverse event 
which did not lead to a prolonged hospital stay, re-intervention, permanent injury or 
early mortality. The definition of major or minor complication is therefore not based on 
the specific complication but on the consequence the complication had. A prolonged 
hospital stay was defined as the length of hospital stay beyond the 75th percentile of 
length of stay per treatment group. Complications which occurred within 30 days after 
treatment or within initial hospital admission causing permanent injury, like permanent 
dialysis after kidney failure, were marked as complications <30 days causing permanent 
injury. Patients who underwent a re-operation or re-intervention within 30 days after 
initial treatment or within hospital admission were marked as re-operation or re-
intervention <30 days. Unplanned readmissions were admissions within 30 days after 
discharge of the initial admission that did not involve a planned admission.
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Statistical analysis
Categorical variables were described by frequency distribution, and compared across 
patient groups treated with OSR or cEVAR. Continuous variables were tested for normality 
and linearity by one-sample Kolmogorov-Smirnov testing, and then compared across 
treatment groups using one-way ANOVA. This was done for pre-operative variables as 
well as intraoperative variables and outcomes. Adjusted odds ratios were estimated by 
a multivariable logistic regression model adjusting for age, sex, cardiac status, result 
of last ECG, pulmonary status, preoperative hemoglobin level, preoperative creatinine 
level and largest diameter of the aneurysm. If variables contained missing data, this is 
acknowledged in the tables. All p-values are two-tailed, with values <0.05 considered 
statistically significant. All analysis were performed using STATA 14.1MP statistical 
software (College Station, TX, USA).

RESULTS

From the included 455 electively primarily treated JRAAA patients from 44 Dutch 
hospitals, 258 patients were treated with OSR and 197 with cEVAR. In the OSR group, 
patients were significantly younger compared to the cEVAR group (72 years ± 6.1 vs. 76 
years ± 6.0, respectively, p<0.001) (Table 1). Female patients were more often treated 
with OSR compared to male patients (OSR: female vs. male; 22% vs. 78%, cEVAR: female 
vs. male; 14% vs. 86%, p=0.047). No difference was seen between comorbidities or 
preoperative laboratory values. The number of patients treated over the years remained 
stable also in the distribution between the treatment groups and sex.

During OSR a tube prosthesis was used in 139 out of 258 (54%) cases and in 45% of cases 
a bifurcated prothesis (Table 2). In 55% of cases the aortic clamp was placed above 
both renal arteries and in 37% above one of the renal arteries. For cEVAR, fenestrated 
grafts were mostly used (125/197, 69%), the remaining cEVAR cases were treated with 
chimney EVAR. Almost 90% of procedures involved two or three target vessels.

OSR showed similar intraoperative complications compared to cEVAR (7% vs. 8%, 
p=0.088) which was mainly due to the occurrence of a type 1 endoleak in 5 patients 
(3%) in the cEVAR group. Blood loss was significantly different in favor of cEVAR, in which 
most patients had blood loss between 101-500 ml compared to mostly more than 1000 
ml in the OSR group (p<0.001).
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TABLE 1 Pre-operative characteristics of elective primary JRAAA repairs

Total
N=455 

OSR
N=258 
(57%)

cEVAR
N=197 (43%) P

Age in years 74 ± 6.2 72 ± 6.1 76 ± 6.0 <.001

Sex
Male
Female 

369 (81%)
86 (19%)

201 (78%)
57 (22%)

168 (85%)
29 (15%)

.047

Year of treatment
2016
2017
2018

163 (36%)
147 (32%)
145 (32%)

95 (37%)
77 (30%)
86 (33%)

68 (35%)
70 (35%)
59 (30%)

.431

Cardiac state
No abnormalities
Antihypertensive medication
Peripheral edema
Raised central venous pressure
Unknown

151 (33%)
254 (56%)

33 (7%)
5 (1%)

12 (3%)

90 (35%)
139 (54%)

20 (8%)
3 (1%)
6 (2%)

61 (31%)
115 (58%)

13 (7%)
2 (1%)
6 (3%)

.850

Pulmonary state
No dyspnea
Dyspnea
Severe dyspnea
Unknown

343 (69%)
123 (25%)

23 (5%)
6 (1%)

181 (70%)
66 (26%)

9 (3%)
2 (1%)

162 (68%)
57 (24%)
14 (6%)
4 (2%)

.564

Last preoperative ECG
No abnormalities
Abnormalities
No ECG performed / unknown ECG

200 (44%)
226 (49%)

29 (6%)

123 (48%)
126 (49%)

9 (3%)

77 (39%)
100 (51%)
20 (10%)

.037

Hemoglobin (mmol/L) 8.6 ± 0.98 8.6 ± 0.96 8.7 ± 1.01 .228

Creatinine (µmol/L) 101± 44 101 ± 53 101 ± 28 .926

Largest diameter aneurysm 
when treated (mm) 

60 [11] 60 [12] 61 [10] .877

Note: Data are presented as n (%), mean ± standard deviation or median (interquartile range [IQR]). OSR = open 
surgical repair; cEVAR = complex endovascular aneurysm repair; IQR = Interquartile range.
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TABLE 2 Intra-operative characteristics of elective primary JRAAA repairs

Total
N=455 

OSR
N=258 (57%)

cEVAR
N=197 (43%) P

Intraoperative characteristics OSR
Type of prosthesis*
- Tube prosthesis
- Bifurcation prosthesis
- Unknown
Clamping above renal arteries*
- Above 1 renal artery
- Above 2 renal arteries
- Unknown

NA

139 (54%)
117 (45%)

2 (1%)

95 (37%)
143 (55%)

20 (8%)

NA NA

Intraoperative characteristics cEVAR
Endovascular procedure*
- Chimney EVAR
- Fenestrated EVAR
Amount or target vessels
- One target vessel
- Two target vessels
- Three target vessels

NA NA

54 (27%)
143 (73%)

24 (12%)
82 (42%)
91 (46%)

NA

Intraoperative complication
None
Cardiac arrest or resuscitation
Unintended occlusion branch
Type 1 endoleak
Type 3 endoleak
Iatrogenic bowel damage
Iatrogenic ureter damage
Other

421 (93%)
1 (0%)
5 (1%)
5 (1%)

0
3 (1%)
1 (0%)

19 (4%)

241 (93%)
1 (0%)
2 (1%)

NA
NA

3 (1%)
1 (0%)

10 (5%)

180 (92%)
0

3 (1%)
5 (3%)

0
NA
NA

9 (4%)

.088

Blood loss
< 100 ml
101-500 ml
501-999 ml
1000 or more ml
Unknown 

56 (13%)
106 (23%)
65 (14%)

200 (44%)
28 (6%)

2 (1%)
23 (9%)

45 (17%)
173 (67%)

15 (6%)

54 (27%)
83 (42%)
20 (10%)
27 (14%)
13 (7%)

<.001

Peritoneal contamination
None
Minimal fluid
Abscess
Peritonitis, fecal contamination* 

NA
234 (92%)

19 (7%)
0

2 (1%)

NA NA

Amount of initial procedures
One procedure
Two procedures
More than two procedures

406 (89%)
43 (10%)

6 (1%)

229 (89%)
26 (10%)

3 (1%)

177 (90%)
17 (9%)
3 (1%)

.826

Note: Data are presented as n (%). Significant values are presented in bold. OSR = open surgical repair; cEVAR = 
complex endovascular aneurysm repair; NA = not applicable. *missing data <5%
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Postoperative characteristics are described in Table 3. Almost half of the OSR treated 
patients had some type of complication within 30 days compared to a third of the 
cEVAR treated patients (no missing data). After OSR, patients underwent more often 
a re-intervention within 30 days after initial JRAAA treatment due to a relatively high 
amount of re-laparotomies. Unfortunately, the database does not provide data on the 
reasons for these re-laparotomies. More abdominal and renal complications occurred 
after OSR compared to cEVAR, but the different categories of complications more than 
half of the data was missing. After treatment with cEVAR, patients had a significantly 
shorter intensive care stay and hospital stay compared to OSR (both p<0.001).

Looking at the outcomes within 30 days, patients treated with OSR had significantly 
more complications, both major and minor, as well as a higher risk of early mortality 
(Table  4). The number of targeted vessels were not associated with the occurrence 
of major or minor complications (p=0.542, p=0.648, respectively). Also, it was not 
associated with early mortality (p=0.569). After adjustment for age, sex, cardiac status, 
result of the last ECG, pulmonary status, preoperative hemoglobin level, preoperative 
creatinine level, and largest diameter aneurysm, the odds ratios for major complications 
within 30 days after treatment were 3.64 (CI 2.25-5.89) higher when treated with OSR. 
For minor complications the odds ratios were 2.17 (CI 1.34-3.53) higher after treatment 
with OSR relative to cEVAR and for early mortality the odds ratios were higher with 3.79 
(CI 1.26-11.34).
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TABLE 3 Postoperative characteristics of elective primary JRAAA repairs

Total
N=455 

OSR
N=258 
(57%)

cEVAR
N=197 
(43%) P

Days of intensive care admission 1 [0-2] 2 [1-3] 0 [0-1] <.001

Days of hospital admission 7 [4-10] 8 [6-12] 4 [3-7] <.001

Patients with a complication 
within 30 days*

192 (42%) 127 (49%) 65 (33%) <.001

Category complications within 30 days#
Cardiac
Pulmonary
Renal
Neurologic
Abdominal
Arterial occlusion
Reconstruction/prosthesis related
Wound
Postoperative bleeding
Infection (non-surgical)
Other

39 (13%)
59 (19.%)
35 (11%)
39 (13%)
30 (10%)
22 (7%)
10 (3%)
15 (5%)
9 (3%)

14 (4%)
36 (12%)

31 (15%)
38 (18%)
30 (14%)
24 (11%)
26 (12%)
16 (8%)
5 (2%)

12 (6%)
5 (2%)
9 (4%)

18 (8%)

8 (9%)
21 (23%)

5 (5%)
15 (16%)

4 (4%)
6 (7%)
5 (5%)
3 (3%)
4 (4%)
5 (5%)

18 (19%)

.057

.683

.010

.382

.004

.659

.127

.277

.492

.879

.023

Patients with a re-intervention or 
re-operation within 30 days* 

50 (11%) 34 (13%) 16 (8%) .188

Category re-operation or re-
intervention within 30 days*

Endovascular procedure
Percutaneous procedure
Endoscopic procedure
Reoperation open procedure
- Opening wound only
- Re-laparotomy
- Other open procedure
Other procedure

6 (12%)
2 (4%)
2 (4%)

27 (55%)
2 (7%)

15 (56%)
10 (37%)
12 (25%)

1 (3%)
1 (3%)
1 (3%)

22 (67%)
1 (5%)

15 (68%)
6 (27%)
8 (24%)

5 (31%)
1 (6%)
1 (6%)

5 (31%)
1 (20%)

0
4 (80%)
4 (26%)

.046

.848

.848

.007

.848

.001

.832

.480

Note: Data are presented as n (%) or median (interquartile range [IQR]). Significant values are presented in bold. 
OSR = open surgical repair; cEVAR = complex endovascular aneurysm repair; IQR = Interquartile range. *no missing 
data. #missing data 50-60%.
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TABLE 4 Adjusted early outcomes after primary elective JRAAA repair

Total
N=455 

OSR
N=258 
(57%)

cEVAR
N=197 
(43%) OR a 95% CI

Major complications 
<30days 

157 (34.5%) 116 (45.0%) 41 (20.8%) 3.64 2.25 – 5.89

Minor complications 
<30days 

132 (29.0%) 87 (33.7%) 45 (22.8%) 2.17 1.34 – 3.53 

Complications <30 days 
causing permanent injury 

34 (7.5%) 21 (8.1%) 13 (6.6%) 1.05 0.91 – 1.22 

Re-operation or re- 
intervention <30 days 

50 (10.9%) 34 (13.2%) 16 (8.1%) 1.69 0.85 – 3.40

Unplanned readmission 
<30 days after discharge 

34 (7.5%) 14 (5.4%) 20 (10.2%) 0.55 0.25 – 1.20

Early mortality 22 (4.8%) 17 (6.6%) 5 (2.5%) 3.79 1.26 – 11.34

Note: Data are presented as n (%). ORs are given for OSR compared with EVAR. Significant values are presented in 
bold. OSR = open surgical repair; cEVAR = complex endovascular aneurysm repair; OR = odds ratio; CI = confidence 
interval.
a Logistic regression is performed for each outcome measure, adjusting for age, sex, cardiac status, result of last 
ECG, pulmonary status, preoperative hemoglobin level, preoperative creatinine level, largest diameter aneurysm, 
hospital operation volume for juxtarenal aneurysms, and year of operation.

DISCUSSION

This study provides data on real life daily practice in the Netherlands treating juxtarenal 
abdominal aortic aneurysms. More major and minor complications occurred after 
OSR compared to cEVAR, as well as a significantly higher 30-day mortality was noted. 
After adjustment for confounders the odds ratios for major complications as well as 
early mortality were over 3.5-fold higher after OSR compared to cEVAR and minor 
complications showed a 2-fold higher odds ratio. The generalizability of this study is 
influenced by patient selection based on the available data, i.e., type of treatment, and 
the number of patients included which should be taken into account when interpreting 
this study.

A recent meta-analysis discussing the trials for elective infrarenal abdominal aneurysm 
treatment showed significant lower early mortality for patients treated with cEVAR12. For 
more complex aortic aneurysms, such as JRAAAs, two high-quality meta-analyses have 
been published both showing no significant differences in early mortality between OSR 
and FEVAR13, 14. OSR did show a higher number of postoperative complications compared 
to FEVAR in both studies. These results were also taken into account by the European 
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Society of Vascular Surgery guideline which recommends that the preferred treatment 
option for JRAAAs is an endovascular solution with fenestrated endografts when feasible 
because the mortality is equal but the morbidity is less10. Within this guideline the use 
of CHEVAR is only recommended in the acute setting or as endovascular bailout option 
and ideally restricted to a maximum of two chimneys. This is due to the advantage of 
CHEVAR not being a custom made device and therefore can be used in an emergency 
setting. The disadvantage is that postoperative type 1a endoleaks and chimney graft 
occlusion occur more often compared to FEVAR10, 15, 16 Our registry did include patients 
treated with CHEVAR in the elective setting between 2016-2018, which was before the 
newest guideline publication.

The lack of significant difference in mortality in the meta-analyses of Roa et al. and 
Jones et al. was possibly caused by including patients in the endovascular group with 
more co-morbidities13, 14. In accordance with the previously published literature, in this 
study major complications occurred more often in patients treated with OSR compared 
to cEVAR, especially renal and abdominal complications13, 14. This is probably also the 
explanation for more re-interventions within 30 days after treatment with OSR and could 
very well have affected the short-term mortality. Although suprarenal clamping in the 
OSR group does skew the chances of post-operative renal impairment, previous studies 
found no effect on the occurrence of permanent dialysis and mortality and is therefore 
probably not a complete explanation for the mortality difference in this study17-20. In 
patients treated for infrarenal aneurysms it is known that a short neck is associated with 
higher mortality in patients treated with OSR while EVAR is not possible in this group21, 

22. The generally broader range of anatomical characteristics that are accepted for OSR 
compared to cEVAR could therefore also be a factor contributing to a higher mortality 
after OSR in this study.

In this registry the choice of treatment modality was left to the surgeons discretion. 
Therefore, some patients may have undergone OSR since cEVAR was not available in 
that hospital whilst other patients may have been offered an endovascular solution 
only in a hospital with an “endovascular-first” strategy for JRAAA. Even when both 
treatments are equally enrolled in the concerning hospital and the patients anatomy 
is suited for both, it can be difficult to decide which patient to offer which treatment. 
A methodically well-developed pre-operative risk model specifically made for JRAAAs 
could be of value to give more pre-operative guidance. A recent study of the Vascular 
Quality Initiative data did show that acute kidney injury after JRAAA treatment with 
OSR was associated with increased co-morbidities pre-operatively and also worse short- 
and long-term mortality16. Further risk stratification of pre-operative co-morbidities and 
also information on the impact of the different treatment modalities on quality of life 
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could aid in the decision-making process10. Unfortunately, no RCT has been performed 
comparing treatment outcomes of OSR versus cEVAR for JRAAA, although that would 
be the best way to truly compare these treatment modalities6. Since the choice of a 
surgical approach is multifactorial, a randomized trial would be the most appropriate 
method that corrects by default for confounding by indication10.

Limitations
This study must be interpreted in the context of its design. Patient selection was done 
on operation technique only, as there was no information on anatomical configurations 
inevitably causing selection bias. Some pararenal or suprarenal AAAs may have been 
included in the endovascular group and treated with three fenestrated EVAR. Also, in the 
OSR group selection bias could also be present, patients with anatomically true JRAAAs 
could have been treated using an infrarenal clamp anyway and were therefore excluded 
from analysis in this study. Also, the local availability of cEVAR and the preference of 
the surgeon or patient is of influence on the decision whether to treated the JRAAA 
endovascular or open which were unknown parameters in this study.

The retrospective analysis of prospectively collected data was done using data from the 
DSAA registry. As with all registries, it depends on the registering physician reporting 
on peri-operative characteristics, which may lead to errors in interpretation of the data 
before reporting, errors during data input or missing data. The DSAA is a prospective 
quality registry system and provides us with crucial variables to include JRAAA patients 
as adequately as possible, i.e. suprarenal clamping during OSR or the usage of branch 
inclusion in the reconstruction during cEVAR. Despite this, the registry did not provide us 
the anatomical configurations of the infrarenal neck lengths or aneurysm involvement 
of the renal arteries or extension above the renal arteries.

CONCLUSIONS

This study provides the data on current practice of the treatment of JRAAAs in the 
Netherlands. In this study, after primary elective open surgical repair for JRAAAs the 
odds for major complications, minor complications, and short-term mortality were all 
significantly higher compared with complex endovascular repair. Though this study 
reflects daily practice in the Netherlands, selection bias and number of included patients 
should be taken into account when interpreting the generalizability of this study. For 
future research, development of a preoperative risk model would be a valuable tool 
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to identify patients pre-operatively most likely to survive treatment, preferably in a 
prospective cohort including anatomical configurations to prevent the issue of selection 
bias.
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ABSTRACT

Background and study aims
Colonic ischaemia (CI) is a devastating complication after abdominal aortic aneurysm 
(AAA) surgery. The aim of this review was to evaluate the diagnostic test accuracy of 
routine endoscopy in diagnosing CI after treatment for elective and acute AAA.

Patients and methods
The Pubmed and Embase database searches resulted in 1188 articles. Prospective 
studies describing routine post-operative colonoscopy or sigmoidoscopy after elective 
or emergency AAA repair were included. The study quality was assessed with the 
QUADAS-2 tool. Sensitivity and specificity forest plots were drawn. Diagnostic odds 
ratios were calculated by a random effect model.

Results
Twelve articles were included consisting of 718 AAA patients of whom 44% were treated 
electively, 56% ruptured and, 6% by endovascular repair. Of all patients, 20.8% were 
identified with CI (all grades), and 6.5% of patients had Grade 3 CI. The pooled diagnostic 
odds ratio for all grades of CI on endoscopy was 26.60 (95% CI 8.86-79.88). The sensitivity 
and specificity of endoscopy for detection of Grade 3 CI after AAA repair was 0.52 (95% 
CI, 0.31-0.73) and 0.97 (95% CI 0.95-0.99) respectively. The positive post-test probability 
is up to 60% in all kinds of AAA patients and 68% in ruptured AAA patients.

Conclusion
Routine endoscopy is highly accurate for ruling out CI after AAA repair. Clinicians should 
be aware that endoscopy is less accurate in diagnosing the presence of the clinically 
relevant transmural CI. Endoscopy is a safe diagnostic test to use routinely as none of 
the studies reported adverse events.
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INTRODUCTION

Colonic ischaemia (CI) is a rare but severe and potentially fatal complication after 
abdominal aortic aneurysm (AAA) repair. Recent reports have shown an incidence 
of clinically significant CI of 1.4-2.8% after elective repair of an AAA and even higher 
after ruptured AAA1-4. CI can raise the mortality more than seven fold after emergency 
repair compared to elective repair5. Open repair, emergency repair, perioperative 
hypotension, abdominal compartment syndrome and female sex are known risk factors 
for developing CI after AAA repair.

To lower the mortality after AAA repair, the early diagnosis of CI is important to allow 
for prompt and timely treatment of CI6. Different tests have been studied to determine 
the presence of CI but most lack specificity7-10. Bloody diarrhea or early passage of 
stool occurred only in just over half of patients with transmural CI which makes clinical 
assessment very challenging. Moreover, measuring intra-abdominal pressure or sigmoid 
intramural pH did not correlate sufficiently with the occurrence of CI.

The diagnostic test most frequently used for diagnosing CI is sigmoidoscopy or 
colonoscopy. The majority of CI diagnosed on endoscopy will not involve transmural 
CI and will resolve with supportive care. However, full thickness CI may lead to colonic 
perforation and associated increased mortality and thus necessitates immediate 
diagnosis and treatment.

The aim of this review was to evaluate the diagnostic test accuracy of routine endoscopy 
in diagnosing CI after treatment for AAA, both in the elective and emergency setting.

METHODS

This systematic review was written according to the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses (PRISMA)11 and the Cochrane handbook for 
diagnostic test accuracy reviews12.

Objective
The study objective was divided in three key questions to improve full clinical 
comprehension:

Key question 1: What is the value of endoscopy (all grades) to diagnose CI confirmed at 
positive laparotomy or CI related death in AAA patients?
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Key question 2: What is the value of grade 3 CI (transmural) at first postoperative 
endoscopy confirmed at positive laparotomy or confirmation of CI on postmortem in 
AAA patients?

Key question 3: What is the value of grade 3 CI (transmural) at first postoperative 
endoscopy confirmed at positive laparotomy or confirmation of CI on postmortem in 
ruptured AAA patients?

Data sources
PubMed and Embase were searched up to March 1st, 2017 identifying eligible studies. 
The search strategy was formulated with the assistance of a clinical librarian (see 
Supplementary material 1). Medical Subject Headings13 terms and additional free 
entry terms for the patient groups (patients with an AAA, ruptured or elective, treated 
endovascular or with open surgery), the diagnostic test and result (endoscopy with CI), 
the reference standard (laparotomy), and outcome (sensitivity and specificity) were 
used. The references of the selected papers were reviewed for the completion of the list 
of articles eligible for full-text assessment.

Study selection
Two investigators (GvM and GM) individually reviewed 1188 titles and abstracts. 
Discrepancies were resolved through consensus and consultation with the last author. 
Pre specified inclusion and exclusion criteria in our research protocol were used to select 
potentially eligible studies for full text analysis. Inclusion of a study followed if the study 
used prospective data and performed at least one mandatory (routine) endoscopy after 
AAA repair. Acute and electively treated AAA patients were included as well as open 
and endovascular treated AAA patients. Both colonoscopy and sigmoidoscopy based 
studies were included. The endoscopies had to be done in the same admission as the 
initial treatment of the AAA. The studies needed to include at least 10 patients. There 
was no restriction in the year of publication or language of the study. The process of 
study inclusion was summarized in a flow diagram with explanation of exclusion of 
studies mentioned.

Data extraction
The two investigators (GvM and GM) independently extracted necessary information 
from the eligible articles. The data extracted by the two investigators was cross checked. 
Discrepancies were resolved by discussion between the two investigators. Some of the 
studies also reported on the grade of CI; grade 1 was defined as mucosal ischaemia; 
grade 2 was defined as mucosal ischaemia and involvement of the muscularis layers; 
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and grade 3 was defined as transmural ischaemia, gangrene, and perforations14. If any of 
the main variables were missing or not reported separately for AAA patients and aortic 
occlusive disease the authors of that particular study were contacted.

Quality assessment
The methodological quality of the included studies was independently assessed by 
two investigators (GvM and GM). The quality assessment tool for diagnostic accuracy 
studies guidelines (QUADAS-2)15 was used to judge the risk of bias and applicability of 
the studies for our research question. Patient selection, the index test, the reference 
standard and flow and timing were included in this assessment.

Data synthesis and analysis
Sensitivity and specificity forest plots were drawn using RevMan version 5.3.316 per key 
question. Pooled sensitivities and specificities were calculated using 2x2 contingency 
tables and reported to show an estimation of the direction of the trend. Heterogeneity 
was investigated using the I2  statistic and interpreted as follows: 0% to 40% was 
considered not to be important, 30% to 60% represented moderate heterogeneity, 50% 
to 90% represented substantial heterogeneity, 75% to 100% indicated considerable 
heterogeneity17. The heterogeneity of the included studies was also visually drawn for all 
analyses in hierarchical summary receiver operating characteristics (HSROC). Publication 
bias was tested by using the linear regression method and funnel plot of Deeks et al18. A 
P value <.05 in this linear regression model indicates potential publication bias.

For the three key questions the pooled odds ratios were calculated using a random-
effect model because there was moderate heterogeneity between studies. Weighted 
estimates for each study were calculated and illustrated in a forest plot. To evaluate the 
meaning of a positive or negative test result the pre-test probability, and positive- and 
negative-post-test probability were calculated and shown in a bar chart. All tests were 
2-sided with a P value less than .05 indicating statistical significance. Meta-analyses 
were performed using STATA version 13.0 (StataCorp LP).

RESULTS

The search strategy identified 1188 potential studies after excluding duplicate records. 
Twelve prospective cohort studies met our inclusion criteria for the final analysis 
(Figure 1)6, 10, 14, 19-27. The studies included a total of 845 aortic surgery patients of which 
718 were aneurysm patients (elective 44%, ruptured 56%). No randomized controlled 
trails were identified. The full overview of study variables is shown in Table 1. Included 
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patients were 86.6% male with a mean age of 69.5 years. Only one study included 
endovascular treated patients exclusively (44 patients). All patients underwent a routine 
sigmoidoscopy or colonoscopy postoperatively (median time 3 days, range 1-13 days). 
At endoscopy 20.8% patients were identified with CI (all grades), 6.5% of patients had 
grade 3 CI. 68% of patients with grade 3 CI underwent a laparotomy. A resection or 
confirmation of transmural CI was reported in 74% of all laparotomies performed. The 
reported CI related death was 3.7% (20/546, 9 studies). This accounts for 24.2% of the 
total 30-day mortality (16/66, 6 studies).

FIGURE 1 PRISMA flow diagram of study selection
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Quality assessment, heterogeneity and publication bias
The quality assessment of all included studies is shown in Figure 2. Some studies not only 
included patients with an aneurysm but also occlusive aortic disease which accounts 
for the higher risk of bias assessment in patient selection. However, the results were 
mostly reported separately for both types of patients in these studies. The general risk of 
bias and applicability was deemed to be low in the included studies. The heterogeneity 
Chi2 statistic was 3.70 (p=0.079) and I2 statistic was 46% (95% CI, 0-100) which indicates 
moderate heterogeneity which is to be expected in a diagnostic accuracy test review12. 
In Figure 3 the HSROC per key question is shown to visually interpret the heterogeneity 
as well. We found significant evidence of publication bias (p = 0.001, Supplementary 
material 2) by using the linear regression method of Deeks et al.

FIGURE 2 QUADAS-2 tool for quality assessment of the included studies for risk of bias and applicability 
concerns

Key Questions
In Figure 4 the forest plots of sensitivities and specificities related to the three key 
questions is shown. These forest plots graphically show the differences in the sensitivities 
and specificities of the studies.

Key question 1: All grades of CI on colonoscopy confirmed at positive laparotomy or 
confirmation of CI on postmortem in all AAA patients.

To answer the first key question the estimated pooled sensitivity was 1.00 (95% CI, 
0.88-1.00) because no false-negative test results were reported and the specificity 
was 0.83 (95% CI, 0.80-0.86) (Figure 4). The positive predictive value (PPV) for this test 
was 0.20 (95% CI, 0.17-0.22) and the negative predictive value was 1.00. Some of the 
studies included only the final results of endoscopy since the endoscopy was repeated 
postoperatively. The pooled diagnostic odds ratio for all grades of CI on endoscopy was 
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26.60 (95% CI 8.86 – 79.88) as shown in Figure 5. The diagnostic odds ratio reflects on 
the diagnostic test accuracy of the index test and describes how many times higher 
the odds are of obtaining a positive test result in a diseased rather than a non‐diseased 
person12.

FIGURE 3 Hierarchical summary receiver operating characteristics (HSROC) per Key Question (KQ 1-3)
KQ1: All grades of CI on colonoscopy confirmed at positive laparotomy 
or confirmation of CI on postmortem in all AAA patients
KQ2: Grade 3 CI (transmural) on colonoscopy confirmed at positive laparotomy 
or confirmation of CI on postmortem in all AAA patients
KQ3: Grade 3 CI (transmural) on colonoscopy confirmed at positive laparotomy 
or confirmation of CI on postmortem in ruptured AAA patients
Legend: Abbreviations: AAA; abdominal aortic aneurysm. CI; colonic ischaemia. 
HSROC; Hierarchical summary receiver operating characteristics.

Key question 2: Grade 3 CI (transmural) on colonoscopy confirmed at positive laparotomy 
or confirmation of CI on postmortem in all AAA patients.

The clinically more important second key question, to diagnose grade 3 CI with 
endoscopy, shows an estimated pooled sensitivity of 0.52 (95% CI, 0.31-0.73) and 
specificity of 0.97 (95% CI, 0.95-0.99) (Figure 4). The PPV was 0.63 (95% CI, 0.43-0.80) 
and the NPV 0.96 (0.94-0.97). This corresponds with endoscopy being able to exclude 
CI reliably but in contrast to this, having a positive test result does not mean CI is 
definitely apparent in all cases. The pooled diagnostic odds ratio for grade 3 CI on the 
first endoscopy was 50.40 (95% CI 13.89 – 182.89) which suggest good discriminative 
power of the test.
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Key question 3: Grade 3 CI (transmural) on colonoscopy confirmed at positive laparotomy 
or confirmation of CI on postmortem in ruptured AAA patients.

FIGURE 4 Forest plots of the sensitivities and specificities of the different key questions
KQ1: All grades of CI on colonoscopy confirmed at positive laparotomy 
or confirmation of CI on postmortem in all AAA patients
KQ2: Grade 3 CI (transmural) on colonoscopy confirmed at positive laparotomy 
or confirmation of CI on postmortem in all AAA patients
KQ3: Grade 3 CI (transmural) on colonoscopy confirmed at positive laparotomy 
or confirmation of CI on postmortem in ruptured AAA patients
Legend: Abreviations: TP; true positives. FP; false positives. FN; false negatives. TN; true negatives.

For ruptured AAA patients (KQ3) the estimated pooled sensitivity of the first endoscopy 
after repair was 0.50 (95% CI, 0.28-0.72) with a specificity of 0.97 (95% CI, 0.92-0.99) 
(Figure 4). The PPV was 0.73 (95% CI, 0.49-0.89) and the NPV 0.92 (95% CI, 0.88-0.94). 
These results are quite similar to KQ2 as most studies included ruptured aneurysm 
patients. The pooled diagnostic odds ratio for Grade 3 CI on the first endoscopy in 
ruptured AAA patients was 47.78 (95% CI 12.09 – 188.81). There was no significant 
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difference in incidence of CI between endovascular treated patients and open treated 
patients for ruptured aneurysms (6.8% vs 10.6% resp. p=0.58). This non-significant 
difference could be explained by the small EVAR group that could be included in this 
review.

FIGURE 5 Pooled diagnostic odds ratios (OR) for Key Question 1: All grades of CI on colonoscopy 
confirmed at positive laparotomy or confirmation of CI on postmortem in all AAA patients
Legend: Abbreviations: AAA; abdominal aortic aneurysm. CI; colonic ischaemia.

Pre- and posttest probabilities
To interpret the results of a positive or negative endoscopy after aneurysm repair we 
calculated the pre- and posttest probabilities (Figure 6). This shows that having a positive 
endoscopy with any grade of CI, the chances of truly developing clinically relevant CI 
increase up to 22%. This is much higher if only grade 3 is analyzed, in which the positive 
posttest probability goes up to 60% in both elective and ruptured AAA patients and 
68% in ruptured AAA patients. The chance of developing grade 3 CI although the first 
endoscopy was negative, decreases to 5% post-endoscopy for all types of AAA patients 
and to 7% for ruptured AAA patients.
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FIGURE 6 Pre- and post-test probabilities of the different Key Questions (KQ1-3)
KQ1: All grades of CI on colonoscopy confirmed at laparotomy or 
confirmation of CI on postmortem in all AAA patients
KQ2: Grade 3 CI (transmural) on colonoscopy confirmed at positive laparotomy 
or confirmation of CI on postmortem in all AAA patients
KQ3: Grade 3 CI (transmural) on colonoscopy confirmed at positive laparotomy 
or confirmation of CI on postmortem in ruptured AAA patients
Legend: Abbreviations: AAA; abdominal aortic aneurysm. CI; colonic ischaemia.

DISCUSSION

This review evaluated the diagnostic accuracy of routine postoperative endoscopy 
diagnosing CI after AAA repair. Endoscopy shows a high negative predictive value 
to diagnose CI but a less sufficient positive predictive value. Therefore endoscopy 
has a place in clinical practice ruling out CI when the suspicion arises but does not 
necessarily allow the clinician to link a positive result to immediate laparotomy. The 
most ideal timing for the first endoscopy appears to be between day 2 and 3 after initial 
treatment as most patients were diagnosed around this time in the included studies. 
Especially in patients treated for a ruptured AAA, in whom incidence is highest (10% in 
this review), endoscopy has additional value to screen for CI. Additionally, none of the 
studies reported any adverse events due to the endoscopy. Therefore, the use of routine 
endoscopy, especially in ruptured AAA patients, could be a safe method to screen for 
CI after repair as presenting symptoms of CI are frequently unreliable and non-specific7.
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The reported overall pretest probability in this review of 7% for CI is the combined 
incidence for elective and emergency AAA repair and therefore higher compared to 
most elective AAA studies4. Additionally, this reported incidence might be slightly 
higher compared to previously published cohorts because of the mandatory endoscopy 
protocol resulting in a overestimation of the clinically relevant transmural CI in whom 
intervention is necessary. Unfortunately, not enough data from the included studies 
was present to distinguish the value of endoscopy between open and endovascular 
treated patients reliably. Champagne et al 2004 was the only study including 
endovascular treated AAAs and showed an incidence of CI of 6.8% in ruptured AAA 
patients against 10.6% in the ruptured AAA patients treated with open surgery but 
this was not significantly different. Previous cohorts did show that the incidence of CI 
was significantly higher in patients treated with open repair compared to endovascular 
repair. No difference in CI incidence was shown in the AJAX or IMPROVE trial between 
the two treatment modalities for ruptured AAAs28, 29 or elective endovascular and open 
AAA repair (DREAM trial (n=2 after open vs n=1 after endo))30.

As endoscopy also identifies clinically less important ischaemic lesions the sensitivity 
is relatively low. Endoscopy is insufficient to differentiate between severe mucosal 
ischaemia and clinically relevant transmural ischaemia31. Only a subsequent laparotomy 
can definitively confirm the presence of transmural ischaemia. A quarter of patients 
who underwent a laparotomy in this review had a negative laparotomy but it is unclear 
how this affected the morbidity and mortality in these patients.

It is important to realize the mechanism of developing CI after AAA repair is multifactorial 
and it is suggested to be caused by ligation of the inferior mesenteric artery (IMA) with 
occluded or stenotic internal iliac arteries9, 22, hypoperfusion in the acute setting and 
during aortic clamping6, 14, 32 and abdominal compartment syndrome8. Endoscopy 
might cause extra risk of increased intra-abdominal pressure (IAP) due to insufflation. If 
the patient has a borderline IAP, CI may develop as a complication to the investigation, 
although this cannot be corroborated with data.

Other means to identify patients with CI or who are likely to develop it have previously 
been studied. Variables such as age, hypotension, ligation of hypogastric artery, aortic 
clamping time, open repair and many more have been described as potential risk factors4, 

6, 9, 27. A recent review including risk factors for CI could only identify open surgery and 
emergency repair as definite risk factors for CI5. Champagne et al showed that lactate 
was a good marker for CI, although this is contradicted by others14, 32. Furthermore, 
there is evidence that if lactate is used, plasma D-lactate is more reliable than total 
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blood lactate33, 34. D-lactate is produced by colonic bacteria rather than the non-specific 
L-lactate. The use of modalities like intra-mucosal pH and IMA stump pressure have not 
proven its additional worth10.

Diagnostic accuracy test reviews are generally affected by high heterogeneity and bias. 
In this review heterogeneity was attributable to different types of endoscopy, timing 
of the endoscopy after initial treatment (for example; up to 13 days after AAA repair in 
the study of Schiedler et al.) and the different thresholds for performing laparotomy. 
In addition to this, the publication date of the included studies was diverse. Also, 
according to the reported significant publication bias, studies that were not published 
due to negative results or other reasons could not be included in this review15. From two 
of the included studies it remains unclear if study cohorts overlap as they are from the 
same hospital. This would mean patients might have been included twice in this review.

As the incidence of CI is low, a large amount of patients is necessary to reach sufficient 
statistical power. None of the included prospective studies mentioned a thorough 
power calculation to address this issue.

In conclusion, routine endoscopy has a high accuracy to rule out CI after AAA repair 
and is safe. Clinicians should be aware that endoscopy is less accurate in diagnosing the 
presence of clinically relevant transmural CI. The chance of truly having transmural CI 
after the diagnosis grade 3 CI on endoscopy is 60% in contrast to only 5% when grade 
3 is not present on endoscopy. Endoscopy is a safe diagnostic test to use routinely as 
none of the studies reported adverse events. In future research a risk score might be 
developed to decide which patients benefit most from endoscopy post-repair based on 
perioperative risk factors. The decision if a laparotomy is necessary should also include 
the presence of pre- and post-operative risk factors and comorbidities of patients 
suspected of CI.
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SUPPLEMENTS

Supplement 1: Search strategy for Pubmed and Embase on March 1st 2017

Pubmed search:

((((((("aortic aneurysm, abdominal"[MeSH Terms] OR ("aortic"[All Fields] AND 
"aneurysm"[All Fields] AND "abdominal"[All Fields]) OR "abdominal aortic aneurysm"[All 
Fields] OR ("abdominal"[All Fields] AND "aortic"[All Fields] AND "aneurysm"[All 
Fields])) AND operative[All Fields]) OR ("surgery"[Subheading] OR "surgery"[All 
Fields] OR "surgical procedures, operative"[MeSH Terms] OR ("surgical"[All Fields] 
AND "procedures"[All Fields] AND "operative"[All Fields]) OR "operative surgical 
procedures"[All Fields] OR "surgery"[All Fields] OR "general surgery"[MeSH Terms] 
OR ("general"[All Fields] AND "surgery"[All Fields]) OR "general surgery"[All Fields])) 
OR ("Intervention (Amstelveen)"[Journal] OR "intervention"[All Fields] OR "Interv 
Sch Clin"[Journal] OR "intervention"[All Fields])) OR ("therapy"[Subheading] OR 
"therapy"[All Fields] OR "treatment"[All Fields] OR "therapeutics"[MeSH Terms] OR 
"therapeutics"[All Fields])) OR endovascular[All Fields]) AND (((((("intestines"[MeSH 
Terms] OR "intestines"[All Fields] OR "intestinal"[All Fields]) AND ("ischaemia"[All 
Fields] OR "ischemia"[MeSH Terms] OR "ischemia"[All Fields])) OR (("intestines"[MeSH 
Terms] OR "intestines"[All Fields] OR "bowel"[All Fields]) AND ("ischaemia"[All Fields] 
OR "ischemia"[MeSH Terms] OR "ischemia"[All Fields]))) OR ("colitis, ischemic"[MeSH 
Terms] OR ("colitis"[All Fields] AND "ischemic"[All Fields]) OR "ischemic colitis"[All Fields] 
OR ("colonic"[All Fields] AND "ischemia"[All Fields]) OR "colonic ischemia"[All Fields])) 
OR (visceral[All Fields] AND ("ischaemia"[All Fields] OR "ischemia"[MeSH Terms] OR 
"ischemia"[All Fields]))) OR ("ischaemic colitis"[All Fields] OR "colitis, ischemic"[MeSH 
Terms] OR ("colitis"[All Fields] AND "ischemic"[All Fields]) OR "ischemic colitis"[All Fields] 
OR ("ischemic"[All Fields] AND "colitis"[All Fields])))) AND (((("colonoscopy"[MeSH Terms] 
OR "colonoscopy"[All Fields]) OR ("gastroscopy"[MeSH Terms] OR "gastroscopy"[All 
Fields])) OR ("sigmoidoscopy"[MeSH Terms] OR "sigmoidoscopy"[All Fields])) OR 
("endoscopy"[MeSH Terms] OR "endoscopy"[All Fields]))

Embase  search: abdominal AND aortic AND ('aneurysm'/exp OR aneurysm) AND 
(operative OR surgery OR intervention OR treatment OR endovascular) AND (intestinal 
AND ischemia OR (bowel AND ischemia) OR (colonic AND ischemia) OR (visceral 
AND ischemia) OR (ischemic AND colitis)) AND (colonoscopy OR gastroscopy OR 
sigmoidoscopy OR endoscopy)
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SUPPLEMENT 2: Deeks’ Funnel Plot Asymmetry test for publication bias
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ABSTRACT

Objective
Red cell distribution width (RDW) is associated with mortality and bloodstream infection 
risk in the critically ill. In vascular surgery patients surviving critical care it is not known if 
RDW can predict subsequent risk of all-cause mortality following hospital discharge. We 
hypothesized that an increase in RDW at hospital discharge in vascular surgery patients 
who received critical care would be associated with increased mortality following 
hospital discharge.

Design, setting, and participants
We performed a two-center observational cohort study of critically ill non-cardiac 
vascular surgery patients surviving admission 18 years or older treated between 
November, 1997, and December 2012 in Boston, Massachusetts.

Exposures
RDW measured within 24 hours of hospital discharge and categorized a priori as 13.3%, 
13.3–14.0%, 14.0–14.7%, 14.7–15.8%, >15.8%.

Main outcomes and measures
The primary outcome was all cause mortality in the 90 days following hospital discharge.

Results
The cohort included 4,715 patients (male 58%; white 83%; mean age 62.9 years). 90 and 
365-day post discharge mortality was 7.5% and 14.4% respectively. In the cohort, 47.3% 
were discharged to a care facility and 14.8% of patients were readmitted within 30 days.

After adjustment for age, gender, race, Deyo-Charlson comorbidity Index, patient type, 
acute organ failures, prior vascular surgery and vascular surgery category, patients with 
a discharge RDW 14.7–15.8% or >15.8% have an adjusted OR of 90-day post discharge 
mortality of 2.52 (95%CI, 1.29–4.90; P = 0.007) or 5.13 (95%CI, 2.70–9.75; P 15.8% group 
was 1.52 (95%CI, 1.12–2.07; P = 0.007) relative to patients with a discharge RDW 13.3%. 
Similar adjusted discharge RDW-outcome associations are present at 365 days following 
hospital discharge and for discharge to a care facility.

Conclusions
In critically ill vascular surgery patients who survive hospitalization, an elevated RDW at 
hospital discharge is a strong predictor of subsequent mortality, hospital readmission 



125

RDW and poor non-cardiac vascular surgery outcomes

and placement in a care facility. Patients with elevated RDW are at high risk for adverse 
out of hospital outcomes and may benefit from closer post discharge follow-up and 
higher intensity rehabilitation.

INTRODUCTION

Survivors of critical illness suffer from significant long-term morbidity and mortality1. 
Posthospital discharge mortality in intensive care unit (ICU) survivors is over 15% at one 
year and near 40% at three years2, 3. Little is known about the post-hospital survival for 
critically ill vascular surgery patients in general or the specific risk factors for adverse 
outcomes in this population. The existing studies on risk factors and predictive models 
of outcomes following vascular surgery are not focused on those requiring critical care4-

7.

Inflammation is central for the initiation and propagation of vascular disease8. Vascular 
surgery patients have high inflammatory activation as surgery induces additional 
proinflammatory cytokines9. Inflammatory mediators correlate with Red cell distribution 
width (RDW), a measure of the variation in circulating red cell size commonly reported 
in the complete blood count10-12. RDW is robustly associated with markers of chronic 
subclinical inflammation, elevated oxidative stress, malnutrition, C-reactive protein, 
interleukin-6, erythrocyte sedimentation rate and beta-natriuretic peptide10-13. Patients 
with elevated RDW have a significantly higher risk of peripheral artery disease14, 15, 
hypertension16, and coronary artery disease event rates17.

Our prior cohort studies in medical and surgical patients demonstrate that RDW is also 
associated with critical illness outcomes when measured at hospital admission and at 
hospital discharge2, 18. Our critical illness outcome studies did not focus on the vascular 
surgery population where RDW is associated with vascular disease presence14-17. As the 
vascular surgery population has increased complications, mortality and readmissions 
following hospital discharge19, we sought to determine the relationship between 
RDW at hospital discharge and post-hospital outcomes in vascular surgery patients 
who required critical care. We hypothesized that elevated RDW at hospital discharge 
would be associated with increased all cause 90-day post-hospital discharge mortality. 
To test this hypothesis, we performed a twocenter observational cohort study of 4,715 
adults who underwent vascular surgery and were treated with critical care and survived 
hospitalization.
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MATERIALS AND METHODS

Source population
We extracted administrative and laboratory data from patients admitted to two Boston 
hospitals: Brigham and Women’s Hospital (BWH), with 777 beds and Massachusetts 
General Hospital (MGH) with 999 beds. The two hospitals provide primary as well as 
tertiary care to an ethnically and socioeconomically diverse population within eastern 
Massachusetts and the surrounding region.

Data sources
Data on all patients admitted to BWH or MGH between November 2, 1997 and 
December 31, 2012 were obtained through the Research Patient Data Registry (RPDR), 
a computerized registry which serves as a central data warehouse for all inpatient and 
outpatient records at Partners HealthCare sites which includes BWH and MGH. The RPDR 
has been used for other clinical research studies2, 18, 20, 21. This study was approved by the 
Partners Human Research Committee, the Institutional Review Board (IRB) of Partners 
HealthCare. Informed consent of study subjects was not obtained. The IRB approval 
included a waiver of the requirement to obtain informed consent because the risk to 
study subjects, including risk to privacy, was deemed to be minimal, obtaining informed 
consent of study subjects was not feasible and the rights and welfare of the subjects 
would not be adversely affected by the waiver.

Study population
During the study period there were 7,608 unique patients, age ≥ 18 years, who received 
critical care, were assigned Current Procedural Terminology (CPT) codes for vascular 
surgery in the six days prior to ICU admission to 2 days after (S1 Appendix), and were 
assigned a Diagnostic Related Group code. ICU admission was determined by assignment 
of the CPT code 99291 (critical care, first 30–74 minutes) during hospitalization 
admission, a validated approach for ICU admission in the RPDR database22. Exclusions 
included: 3 patients who had white blood cells over 150,000/μl as a high white blood 
cell count may skew the automatically calculated RDW23; 961 patients who died as in-
patients; 76 patients with End Stage Renal Disease; and 1,853 patients who did not have 
RDW drawn within 24 hours of hospital discharge. Thus, 4,715 patients constituted the 
total study population.

Exposure of interest and comorbidities
The exposure of interest was RDW within 24 hours of hospital discharge and categorized 
a priori as ≤13.3%, 13.3–14.0%, 14.0–14.7%, 14.7–15.8%, and >15.8%. For the duration 
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of the study, the RDW was determined directly from the red blood cell histogram and 
expressed as coefficient of variation (CV) via automated hematology analyzers. Sepsis 
was defined as the presence of International Classification of Diseases, Ninth Revision, 
Clinical Modification (ICD-9-CM) codes 038, 995.91, 995.92, or 785.52, 3 days prior 
to critical care initiation to 7 days after critical care initiation24. We utilized the Deyo-
Charlson index to assess the burden of chronic illness25 employing ICD-9-CM coding 
algorithms which are well studied and validated26, 27. History of hypertension was 
identified using ICD-9-CM codes (401.0, 401.1, 401.9, 405, 405.01, 405.09, 405.1, 405.11, 
405.19, 405.9, 405.91, and 405.99)28. Patient Type is defined as Medical or Surgical and 
incorporates the Diagnostic Related Grouping (DRG) methodology29 and is published 
by the Centers for Medicare & Medicaid Services (CMS)30. Number of organs with failure 
was adapted from Martin et al31 and defined by a combination of ICD-9-CM and Current 
Procedural Terminology (CPT) codes relating to acute organ dysfunction assigned 
from 3 days prior to critical care initiation to 30 days after critical care initiation32, 33. 
Noncardiogenic acute respiratory failure was identified by the presence of ICD-9-CM 
codes for respiratory failure or pulmonary edema (518.4, 518.5, 518.81, and 518.82) 
and mechanical ventilation (96.7×), excluding congestive heart failure (428.0, 428.9) 
following hospital admission23. Changes from the expected hospital length of stay (LOS) 
were computed as the difference between the actual LOS and the geometric mean LOS 
for each DRG as determined by the Centers for Medicare & Medicaid Services13. Patients 
were considered to have exposure to inotropes and vasopressors if pharmacy records 
in the 3 days prior to the 7 days after critical care initiation showed evidence of the 
use of dopamine, dobutamine, epinephrine, norepinephrine, phenylephrine, milrinone 
or vasopressin. As adding exogenous red blood cells through repeated transfusions is 
reported to skew the RDW23, transfusion data was obtained via blood bank reports. The 
number of packed red blood cell units transfused in the 48 hours prior to critical care 
initiation through the hospital stay was recorded.

Assessment of mortality
Information on vital status for the study cohort was obtained from the Social Security 
Administration Death Master File. The accuracy of the Social Security Administration 
Death Master File for in-hospital and out of hospital mortality in our administrative 
database is validated22. 100% of the cohort had vital status present at 365 days following 
hospital discharge.

Study outcomes
The primary outcome was all-cause 90-day post-discharge mortality. Secondary 
outcomes included 365-day post-discharge mortality, unplanned 90-day hospital 
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readmission34, 35 and discharge to a care facility. Hospital readmission was determined 
from RPDR hospital admission data as previously described36 and defined as a subsequent 
or unscheduled admission to BWH or MGH following the index hospitalization 
associated with the critical care exposure36-38. We excluded readmissions with DRG 
codes that are commonly associated with planned readmissions in addition to DRGs for 
transplantation, procedures related to pregnancy, and psychiatric issues3, 36. Discharge 
care facility data was determined from hospital records2, 39.

Power calculations and statistical analysis
Based on our prior work2, we assume that absolute 90-day post-hospital discharge 
mortality will increase 12.7% in patients with discharge RDW >15.8% compared to those 
with discharge RDW ≤13.3%. Using Stata 14.1MP statistical software (College Station, 
TX), we estimated the sample size for two-sample comparison of proportions. With an 
alpha error level of 5% (two-sided) and a power of 90%, the sample size thus required 
for our primary end point (90-day post-hospital discharge mortality) is 114 in the RDW 
>15.8% group and 114 in the RDW ≤13.3% group.

Categorical variables were described by frequency distribution, and compared across 
RDW groups using contingency tables and chi-square testing. Continuous variables were 
examined graphically (histogram, box plot) and in terms of summary statistics (mean, 
standard deviation, median, interquartile range), and then compared across exposure 
groups using one-way analysis of variance (ANOVA). Unadjusted associations between 
covariates and mortality were estimated by bivariable logistic regression models. 
Adjusted odds ratios were estimated by multivariable logistic regression models with 
inclusion of a priori determined covariate terms thought to plausibly associate with 
both RDW levels and 90-day post-discharge mortality. Overall model fit was assessed 
using the Hosmer Lemeshow test.

We assessed possible effect modification of sepsis, creatinine, white blood count, 
hematocrit and transfusion on the risk of mortality using the likelihood-ratio test. 
We evaluated for confounding by individually running the adjusted model with and 
without terms for creatinine, white blood count, transfusion, hematocrit, vasopressors/
inotropes or mechanical ventilation. Receiver operator characteristic (ROC) curves were 
constructed to analyze the discriminating power of discharge RDW for predicting 90-
day post-discharge mortality, and the areas under each ROC curve were compared. 
An empirical estimation of the optimal ROC cutoff point was performed with the 
cutpt command in Stata utilizing bootstrapping40. The continuous crude and adjusted 
relationship between discharge RDW level and risk of 90-day post-discharge mortality 
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was graphically represented utilizing the coefplot command41. All p-values are two-
tailed, with values <0.05 were considered statistially significant. All analyses were 
performed using Stata 14.1MP statistical software (College Station, TX).

RESULTS

Table 1 shows characteristics of the study population. Most patients were male (58%), 
white (83%) and the majority had surgically related DRGs (84%). The mean age at 
hospital admission was 62.6 (SD 16.9) years. Post-hospital discharge mortality rates were 
3.9% at 30-days, 7.5% at 90 days and 14.4% at 365 days. 90-day readmission rate was 
23%. The vascular surgery procedure classes in the cohort included abdomen (36%), 
amputations (2%), compartment syndrome (2%), lower extremity (8%), neck (8%), upper 
extremity (31%) and venous (13%). Fifty-four percent of the vascular procedures were 
endovascular. Age, Deyo-Charlson Index, acute organ failure, malignancy, acute kidney 
injury, sepsis, RDW at hospital discharge, change in expected length of stay, discharge 
to care facility and hospital readmission are significant predictors of 90-day mortality 
(Table 1).

Patient characteristics of the study cohort were stratified according to discharge RDW 
levels (Table 2). Most factors significantly differed between stratified groups including 
90-day post-discharge mortality.
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TABLE 1. Characteristics and Unadjusted Association of Potential Prognostic Determinants With 90-
Day Post Discharge Mortalitya

Characteristics

Alive

N=4,361

Expireda

N=354

Total

N=4,715 P-value

Unadjusted OR 

(95%CI) for 90-day 

Post Discharge 

Mortality

Age years-mean±SD 61.8 ± 16.9 71.9 ± 13.2 62.6 ± 16.9 <0.001† 1.05 (1.04, 1.06)

Male Gender-no.(%) 2,528 (58) 194 (55) 2,722 (58) 0.25 0.88 (0.71, 1.09)

Non-White Race-no.(%) 768 (18) 52 (15) 820 (17) 0.16 0.81 (0.59, 1.09)

Surgical Patient Type-no.(%) 3,666 (84) 296 (84) 3,962 (84) 0.83 0.97 (0.72, 1.30)

Prior Vascular Surgery-no.(%) 529 (12) 50 (14) 579 (12) 0.27 1.19 (0.87, 1.63)

Deyo-Charlson index-no.(%) <0.001

0-1 1,012 (23) 25 (7) 1,037 (22) 1.00 (Referent)

2-3 1,914 (44) 104 (29) 2,018 (43) 2.20 (1.41, 3.43)

4-6 1,230 (28) 179 (51) 1,409 (30) 5.89 (3.84, 9.03)

≥7 205 (5) 46 (13) 251 (5) 9.08 (5.46, 15.12)

Number of organs with 

acute failure-no.(%)

<0.001

0 1,309 (30) 48 (14) 1,357 (29) 1.00 (Referent)

1 1,546 (35) 124 (35) 1,670 (35) 2.19 (1.55, 3.08)

2 950 (22) 107 (30) 1,057 (22) 3.07 (2.16, 4.36)

3 385 (9) 52 (15) 437 (9) 3.68 (2.45, 5.54)

≥4 171 (4) 23 (7) 194 (4) 3.67 (2.18, 6.18)

Malignancy-no.(%) 731 (17) 136 (38) 867 (18) <0.001 3.10 (2.47, 3.89)

Acute Kidney Injury-no.(%)b 247 (7) 38 (14) 285 (7) <0.001 2.38 (1.65, 3.43)

Sepsis-no.(%) 188 (4) 31 (9) 219 (5) <0.001 2.13 (1.43, 3.17)

Noncardiogenic acute 

respiratory failure-no.(%)

387 (9) 30 (8) 417 (9) 0.80 0.95 (0.64, 1.40)

Vasopressors/Inotropes-no.(%) 2,203 (51) 167 (47) 2,370 (50) 0.23 0.88 (0.70, 1.09)

Acute Organ Failure 

Score-mean±SDc

8.0 ± 3.8 10.8 ± 3.6 8.2 ± 3.8 <0.001† 1.20 (1.17, 1.24)

RDW at Hospital 

Discharge-mean±SD 

14.8 ± 1.7 16.2 ± 2.1 14.9 ± 1.8 <0.001† 1.38 (1.31, 1.44)

Change in Expected Length 

of Stay-median[IQR]

3.7 [0.4, 10.4] 8.5 [1.1, 19.4] 4.0 [0.4, 11] <0.001‡ 1.02 (1.02, 1.03)

Discharge to Care Facility-no.(%) 1,991 (89) 235 (11) 2,226 (47) <0.001 2.35 (1.87, 2.95)

90-Day Readmission-no.(%) 965 (22) 121 (34) 1,086 (23) <0.001 1.83 (1.45, 2.30)

Data presented as no. (%) unless otherwise indicated. P determined by chi-square except for † determined by 
ANOVA or ‡ determined by Kruskal-Wallis test.
a Expired within 90-days following hospital discharge
b Acute Kidney Injury is RIFLE class injury or failure and available on 3,989 patients.
c The Acute Organ Failure score is a severity of illness risk-prediction score ranging from 0–30 points with 30 having 
the highest risk for mortality
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TABLE 2. Patient characteristics by RDW category group

Characteristics Discharge RDW

≤13.3 13.3-14.0 14.0-14.7 14.7-15.8 >15.8 P-value

N 692 1,023 885 949 1,166

Age-mean±SD 55.72 ± 17.83 61.92 ± 16.39 64.43 ± 16.56 63.91 ± 17.23 62.57 ± 16.87 <0.001†

Male Gender-no.(%) 454 (66) 624 (61) 502 (57) 544 (57) 2,722 (58) <0.001

Non-White Race-no.(%) 122 (18) 164 (16) 148 (17) 170 (18) 820 (17) 0.59

Surgical Patient Type-no.(%) 488 (71) 828 (81) 780 (88) 848 (89) 3,962 (84) <0.001

Prior Vascular 

Surgery-no.(%)

52 (8) 98 (10) 110 (12) 128 (13) 191 (16) <0.001

Endovascular-no.(%) 442 (64) 599 (59) 458 (52) 436 (46) 614 (53) <0.001

Deyo-Charlson index-no.(%) <0.001

0-1 269 (39) 260 (25) 171 (19) 186 (20) 151 (13)

2-3 328 (47) 477 (47) 408 (46) 400 (42) 405 (35)

4-6 87 (13) 255 (25) 264 (30) 309 (33) 494 (42)

≥7 8 (1) 31 (3) 42 (5) 54 (6) 116 (10)

Number of organs with 

acute failure -no.(%)

<0.001

0 348 (50) 390 (38) 243 (27) 182 (19) 194 (17)

1 248 (36) 396 (39) 328 (37) 318 (34) 380 (33)

2 69 (10) 174 (17) 216 (24) 282 (30) 316 (27)

3 23 (3) 50 (4.89) 70 (8) 116 (12) 178 (15)

≥4 4 (1) 13 (1) 28 (3) 51 (5) 98 (8)

Malignancy-no.(%) 73 (11) 140 (14) 143 (16) 197 (21) 314 (27) <0.001

Acute Kidney Injury-no.(%)* 12 (2) 25 (3) 38 (5) 67 (9) 143 (15) <0.001

Sepsis-no.(%) 4 (1) 15 (1) 22 (2) 55 (6) 219 (5) <0.001

Noncardiogenic acute 

respiratory failure -no.(%)

36 (5) 72 (7) 71 (8) 105 (11) 417 (9) <0.001

Vasopressors/

Inotropes -no.(%)

237 (34) 483 (47) 438 (49) 548 (58) 2,370 (50) <0.001

Acute Organ Failure 

Score-mean±SD

6.61 ± 3.53 7.43 ± 3.58 8.12 ± 3.55 8.75 ± 3.79 8.23 ± 3.83 <0.001

Change in Expected Length 

of Stay-median[IQR]

1.4 [-1.4, 4.4] 2.4 [-0.1, 6.4] 3.9 [0.6, 9.5] 6.4 [1.5, 15] 8.9 [2.2, 21.9] <0.001‡

Discharge to Care 

Facility-no.(%)

187 (27) 386 (38) 417 (47) 512 (54) 724 (62) <0.001

90-day Readmission-No.(%) 112 (16) 178 (17) 193 (22) 257 (27) 346 (30) <0.001

90-day post-discharge 

Mortality-no.(%)

11 (2) 37 (4) 49 (6) 71 (7) 186 (16) <0.001

365-day post-discharge 

Mortality-no.(%)

35 (5) 77 (8) 103 (12) 142 (15) 320 (27) <0.001

Data presented as n (%) unless otherwise indicated. P determined by chi-square except for † determined by ANOVA 
or ‡ determined by Kruskal-Wallis test. * Acute Kidney Injury is RIFLE class injury or failure. Information on acute 
kidney injury available on 3,898 patients
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Primary outcome
RDW at hospital discharge was a strong predictor of 90-day post-discharge mortality 
following multivariable adjustment for relevant confounders (Figure 1 and Table 3). In 
model 1 adjusting for age, race, patient type, Deyo-Charlson index, Number of organs 
with acute failure, sepsis, prior vascular surgery and vascular surgery class, the odds of 
90-day mortality in the RDW 14.7–15.8% and RDW >15.8% groups was 5 and 12-fold 
higher than the RDW ≤ 13.3% group respectively. Discharge RDW remained a significant 
predictor of odds of mortality after adjustment for age, gender, race, DRG type, Deyo-
Charlson index, acute organ failure, sepsis, prior vascular surgery and vascular surgery 
category. The adjusted odds of 90-day mortality in the RDW 14.7–15.8% and RDW 
>15.8% groups was 2.5 and 5-fold respectively that of those with RDW ≤ 13.3%. The AUC 
for the prediction model 1 for 90 day post-discharge mortality was 0.80 (95%CI 0.78–
0.83). The prediction model 1 showed good calibration (HL χ2 9.2, P = 0.33) (Table 3). The 
optimal cut point for 90-day post-discharge mortality was RDW = 15.45 (95%CI 15.01–
15.88). There was no significant effect modification of the RDW-90-day post-discharge 
mortality association on the basis of sepsis (P-interaction = 0.23), hospital (P-interaction 
= 0.09), chronic kidney disease (P-interaction = 0.52) or transfusion (P-interaction = 0.48). 
Though the effect sizes differed, the direction of the estimates and overall significance 
of the RDW-post-discharge mortality association was not materially altered by hospital. 
Additional adjustment of the model for hospital, endovascular repair, calendar quarter 
of hospital discharge or Red Blood Cell Transfusions did not materially alter the point 
estimates. Similar robust crude and adjusted discharge RDW-mortality associations are 
present at 365 days following hospital discharge (data not shown).
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FIGURE 1. Coefficient plot. Plot representing crude (black) and multivariate (grey) estimates of the 
discharge RDW-mortality association with confidence intervals (dashes). Multivariate estimates adjusted 
for age, race, patient type, Deyo-Charlson index, Number of organs with acute failure, sepsis, prior vascular 
surgery and vascular surgery class.

TABLE 3. Unadjusted and adjusted associations between RDW category and 90-day post-discharge 
mortality (N= 4,715)

90-day 

post-

discharge 

mortality

≤13.3 13.3-14.0 14.0-14.7 14.7-15.8 >15.8

AUC HL-χ2

OR (95% CI)

P

OR (95% CI)

P

OR (95% CI)

P

OR (95% CI)

P

OR (95% CI)

P

Crude 1.00 

(Referent)a

2.32 (1.18, 4.59)

0.015

3.63 (1.87, 7.03)

<0.001

5.01 (2.63, 9.52)

<0.001

11.75 (6.35, 21.76)

<0.001

0.70 0.99

Adjustedb 1.00 

(Referent)a

1.61 (0.81, 3.21)

0.18

2.09 (1.06, 4.12)

0.033

2.52 (1.29, 4.90)

0.007

5.13 (2.70, 9.75)

<0.001

0.80 0.33

Adjustedc 1.00 

(Referent)a

1.65 (0.83, 3.31)

0.16

2.21 (1.12, 4.37)

0.022

2.62 (1.35, 5.12)

0.005

5.27 (2.77, 10.05)

<0.001

0.82 0.77

Adjustedd 1.00 

(Referent)a

1.62 (0.81, 3.26)

0.17

1.99 (1.00, 3.96)

0.049

2.36 (1.21, 4.62)

0.012

4.49 (2.34, 8.60)

<0.001

0.82 0.13

Note: AUC is the area under the receiver operating characteristic curve; HL-χ2 is the Hosmer-Lemeshow χ2 goodness-
of-fit test; BIC is Bayesian information criterion
a Referent in each case is RDW≤13.3. b Model 1: Estimates adjusted for age, race, patient type, Deyo-Charlson index, 
Number of organs with acute failure, sepsis, prior vascular surgery and vascular surgery class. c Model 2: Estimates 
adjusted for age, race, patient type, Deyo-Charlson index, hypertension, Number of organs with acute failure, 
sepsis, prior vascular surgery and vascular surgery class. d Model 3: Estimates adjusted for covariates in Model 1 and 
additionally for change in expected length of stay, malignancy and calendar quarter.
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Secondary outcomes
The adjusted odds of 90-day readmission in the RDW 14.7–15.8% and RDW >15.8% 
groups was 1.9 and 2.1 fold higher respectively that of those with RDW ≤ 13.3% 
(Table 4). Further, the adjusted odds of discharge to a facility rather than to home (i.e., 
rehabilitation and long-term acute care) in the RDW 14.7–15.8% and RDW > 15.8% 
groups was 1.7 and 2.1 fold higher, respectively, compared with RDW ≤ 13.3% group 
(Table 4).

TABLE 4. Unadjusted and adjusted associations between RDW category, Discharge to Facility and 
Hospital Readmission (N= 4,715)

≤13.3 13.3-14.0 14.0-14.7 14.7-15.8 >15.8

OR (95% CI)
P

OR (95% CI)
P

OR (95% CI)
P

OR (95% CI)
P

OR (95% CI)
P

30-day hospital readmission

Crude 1.00 
(Referent)a

0.97 (0.71, 1.32)
0.83

1.13 (0.83, 1.54)
0.44

1.60 (1.19, 2.13)
0.002

2.02 (1.53, 2.66)
<0.001

Adjustedb 1.00 
(Referent)a

0.91 (0.66, 1.24)
0.55

0.99 (0.72, 1.37)
0.96

1.32 (0.96, 1.80)
0.084

1.53 (1.12, 2.07)
0.007

90-day hospital readmission

Crude 1.00 
(Referent)a

1.09 (0.84, 1.41)
0.51

1.44 (1.12, 1.87)
0.005

1.92 (1.50, 2.46)
<0.001

2.19 (1.72, 2.77)
<0.001

Adjustedb 1.00 
(Referent)a

1.04 (0.80, 1.35)
0.78

1.29 (0.98, 1.69)
0.066

1.61 (1.24, 2.10)
<0.001

1.66 (1.27, 2.16)
<0.001

Discharge to Facility

Crude 1.00 
(Referent)a

1.64 (1.33, 2.02)
<0.001

2.41 (1.94, 2.98)
<0.001

3.16 (2.56, 3.91)
<0.001

4.42 (3.60, 5.43)
<0.001

Adjustedb 1.00 
(Referent)a

1.26 (1.01, 1.58)
0.043

1.50 (1.19, 1.89)
0.001

1.70 (1.35, 2.15)
<0.001

2.10 (1.67, 2.65)
<0.001

Note:
a Referent in each case is RDW≤13.3
b Estimates adjusted for age, race, patient type, Deyo-Charlson index, Number of organs with acute failure, sepsis, 
prior vascular surgery and vascular surgery class.

DISCUSSION

The main finding of our study is the graded relationship between increased RDW at 
hospital discharge in vascular surgery patients who survive critical care and adverse 
outcomes following hospital discharge. Elevated RDW at hospital discharge is 
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significantly associated with 90-day mortality following adjustment for potential 
confounders. Further, discharge RDW is associated with placement in a care facility 
and 90-day unplanned hospital readmission. Elevated RDW at hospital discharge 
may identify patients who are at a high risk for adverse outcomes following hospital 
discharge.

Existing studies on the risk factors for non-cardiac vascular surgery outcomes focus on 
short-term and in-hospital mortality and emphasize demographics, clinical variables 
and the American Society of Anesthesiologist score4, 42, 43. Studies on post-hospital 
outcomes in vascular surgery are emerging and include the identification of risk 
factors and consequences of hospital readmission44-47, surgical site infections48 and 
unplanned reoperations49. In surgical ICU survivors, elevated RDW at hospital discharge 
is significantly associated with out of hospital mortality2.

Biomarkers of systemic inflammation are commonly elevated in vascular surgery 
patients and are also correlated with elevated RDW10-12, 50. Inflammation alters 
erythropoiesis via increased red cell apoptosis, erythroid precursor myelosuppression, 
decreased erythropoietin production, decreased iron bioavailability, and erythropoietin 
resistance24, 51-53. In critical illness survivors erythropoiesis suppression persists in 
combination with hypo-active bone marrow from ongoing inflammation37. Ultimately 
inflammation and oxidative stress alter erythrocyte homeostasis resulting in decreased 
RBC survival time, greater variations in RBC cell sizes and a higher RDW.

RDW is a widely available and cost-effective laboratory test commonly measured within a 
complete blood count. Patients with an elevated RDW at hospital discharge may benefit 
from more intensive follow-up regimes in the outpatient clinic and at rehabilitation. 
Also, discharge RDW may be valuable as prognostic information in patient-provider 
discussions regarding goals and palliative services. The low cost, wide availability, quick 
turn-around time, and facile interpretation of the RDW would tend to favor its adoption 
over more cumbersome and subjective assessments in these circumstances.

Our study may be limited by potential unmeasured confounding, residual confounding 
and reverse causation. The generalizability of our results may be limited as our cohort 
is from two academic medical centers from the same region. The limitations of RDW 
include the formula [RDW-CV = 1 SD ÷ (MCV × 100)], the time since blood draw and 
RDW determination and RDW elevations in the context of iron, folate or B12 deficiency 
related anemia, as well as Sickle cell disease, and Myelodysplastic syndrome54. Further, 
we can only include readmissions to the two hospitals under study. Though these 
hospitals have a large regional catchment we cannot but account for all readmissions to 
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all hospitals. Reliance on ICD-9-CM codes to determine covariates may underestimate 
the true incidence or prevalence55. Excluding particular variables from our a priori 
regression model that are associated with the outcome may introduce bias by not 
adjusting for confounding of that particular variable. The strengths of the study include 
large sample size, adequate study power and complete follow-up for mortality at 365 
days.

CONCLUSION

In vascular surgery patients surviving critical illness, the red cell distribution width at 
hospital discharge is a predictor of out of hospital mortality and hospital readmission. 
Vascular surgery patients with elevated RDW at discharge are at high-risk for subsequent 
adverse outcomes. Measuring RDW at hospital discharge is inexpensive and may 
provide a cost-effective way to identify patients at high risk for subsequent adverse 
outcomes. This study provides support for future vascular surgery investigations to 
consider adding RDW to other established predictive models to stratify critically ill 
vascular surgery patients at risk for adverse events.
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ABSTRACT

Background and Aims
Eosinopenia is a marker for acute inflammation. We hypothesized that eosinopenia at 
Intensive Care Unit (ICU) admission in vascular surgery patients who receive critical care, 
would be associated with increased mortality following hospital discharge.

Methods and Results
We performed a two-center observational cohort study of critically ill, non-cardiac adult 
vascular surgery patients who received treatment in Boston between 1997 and 2012 
and survived hospital admission. The consecutive sample included 5,083 patients (male 
57%, white 82%, mean age [SD] 61.6 [17.4] years). The exposure was Absolute eosinophil 
count measured within 24 hours of admission to the ICU and categorized as ≤10 cells/
µL, 11-50 cells/µL, 51-100 cells/µL, 101-350 cells/µL (normal range), and >350 cells/µL.

The primary outcome was all-cause mortality within 90 days of hospital discharge. The 
secondary outcome was discharge to home following hospitalization. 90-day post-
discharge mortality was 6.7%, and 12.9% of patients were readmitted within 30 days. 
After multivariable adjustment, patients with eosinopenia (≤10 cells/µL) have a 90-day 
post-discharge mortality OR of 1.97 (95%CI 1.42, 2.73; P < 0.001) relative to patients with 
an absolute eosinophil count of 101-350 cells/µL. Further, after multivariable adjustment, 
patients with eosinopenia (≤10 cells/µL) have a 25% lower odds of discharge to home 
compared to patients with an absolute eosinophil count of 101-350 cells/µL [OR=0.71 
(CI 95% 0.59-0.85); P<0.001].

Conclusion
Eosinopenia at ICU admission is a robust predictor of increased mortality and lower 
likelihood of discharge to home in vascular surgery patients treated with critical care 
who survive hospitalization. 
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INTRODUCTION

Intensive Care Unit (ICU) survivors have high post-hospital health-care resource use, 
substantial long-term morbidity and mortality1, 2. Specific subsets of ICU survivors have 
magnified risks of adverse outcomes3, 4. Critically ill vascular surgery patients undergo 
high-risk surgery with an increased baseline risk of adverse perioperative outcomes 
due to substantial comorbidities and age5. The identification of risk factors significantly 
associated with adverse health outcomes after discharge is important in high-risk 
populations. Risk factors for post-hospital adverse outcomes include comorbidity, 
severity of illness, acute organ failure, and facility type where discharged6-9.

Biomarkers of systemic inflammation and oxidative stress show utility for early risk 
stratification in the critically ill and vascular surgery patient population10-12. In the early 
perioperative period following vascular surgery, a transient elevation of inflammatory 
markers13, 14 is consistently demonstrated. Chronic, low-grade, systemic inflammation 
heightens adverse outcome risk in adults with cardiovascular disease15.  Existing indices 
may not have significant discriminative capacity for post-hospital outcomes in the 
vascular surgery population.

Determined from the absolute eosinophil count, eosinopenia is a marker for acute 
inflammation16. The absolute eosinophil count is determined using the leukocyte 
differential and total white blood cell count and is quickly measured, widely available 
and low-cost. Eosinopenia is a prognostic marker for sepsis and mortality of critically ill 
patients17, 18. Eosinopenia is associated with increased risk of death after acute cerebral 
infarction19 and bacteremia20, and provides good discrimination between infection and 
non-infection at intensive care unit admission21, 22.

While studies suggest that biomarkers may be predictive of in-hospital outcomes, 
limited information exists on long term survival of critically ill patients following 
vascular surgery. We hypothesized that among non-cardiac vascular surgery patients 
who survived critical illness, eosinopenia at ICU admission would be associated with 
post-hospital mortality. To explore this hypothesis, we performed a two-center cohort 
study from 1997 to 2012 of 5,083 adults who underwent non-cardiac vascular surgery 
requiring critical care.
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METHODS

Source population
We extracted administrative and laboratory data of patients admitted to two academic 
teaching hospitals in Boston, Massachusetts: Brigham and Women’s Hospital (BWH), 
with 777 beds and Massachusetts General Hospital (MGH) with 999 beds. Both 
hospitals provide primary and tertiary care, vascular surgery and critical care within 
eastern Massachusetts and the surrounding region. BWH and MGH provide care to a 
socioeconomically and ethnically diverse population.

Data sources
Data on all patients admitted to the BWH or MGH between 1997 and 2012 were extracted 
through the Research Patient Data Registry (RPDR). The RPDR is a computerized registry 
which serves as a central data warehouse for all inpatient and outpatient records at 
Partners HealthCare sites which include BWH and MGH. The RPDR has been utilized in 
previous clinical research studies11, 23-25. Partners Human Research Committee approved 
this study. The IRB approval included a waiver of the requirement to obtain informed 
consent because the risk to study subjects, including risk to privacy, was deemed to be 
minimal, obtaining informed consent of study subjects was not feasible and the rights 
and welfare of the subjects would not be adversely affected by the waiver.

Study Population
During the study period, there were 7,608 patients, age ≥ 18 years, who received 
critical care and were assigned Current Procedural Terminology (CPT) codes for vascular 
surgery in the six days prior to ICU admission to 2 days after (Appendix 1). ICU admission 
was determined by assignment of the CPT code 99291 (critical care, first 30-74 minutes) 
during hospital admission, a validated approach for ICU admission in the RPDR 
database24. Exclusions included: 961 patients who died as in-patients; 242 patients with 
a hospital readmission including an ICU stay; 72 patients with end-stage renal disease; 
and 1,250 patients in whom eosinophil count was not obtained within 24 hours of ICU 
admission. Thus, 5,083 patients constituted the total study population.

Exposure of Interest and Comorbidities
The exposure of interest, absolute eosinophil count within 48 hours of ICU admission, 
was categorized a priori as ≤ 10cells/µL, 11-50 cells/µL, 51-100 cells/µL, 101-350 cells/µL, 
and >350 cells/µL20, 26. Vascular procedures were categorized according to their Current 



145

Eosinopenia and post-hospital outcomes in critically ill

Procedural Terminology (CPT) code and by their anatomical site such as neck, upper 
extremity, abdomen, lower extremity, or as amputations, compartment syndrome, and 
venous procedures27.

We utilized the Deyo-Charlson index to assess the burden of chronic illness by employing 
ICD-9 coding algorithms, which are well studied and validated28. Patient DRG Type is 
defined as Medical or Surgical and incorporates the Diagnostic Related Grouping (DRG) 
methodology. Sepsis was defined as the presence of ICD-9 codes 038, 995.91, 995.92, or 
785.52, from 3 days prior to 7 days after critical care initiation29. Number of organs with 
failure was adapted from Martin et al30. They were defined by a combination of ICD-9-
CM and CPT codes relating to acute organ dysfunction assigned from 3 days prior to 
critical care initiation to 30 days after critical care initiation31, 32. Noncardiogenic acute 
respiratory failure was identified by the presence of ICD-9 codes for respiratory failure 
or pulmonary edema (518.4, 518.5, 518.81, and 518.82) and mechanical ventilation 
(96.7×), excluding congestive heart failure (428.0-428.9) following hospital admission33. 
Patients were considered to have exposure to inotropes and vasopressors if pharmacy 
records from 3 days prior to 7 days after critical care initiation showed evidence of 
the use of dopamine, dobutamine, epinephrine, norepinephrine, phenylephrine, 
milrinone or vasopressin. The acute organ failure score is an ICU risk-prediction score 
derived and validated from demographics (age, race), patient DRG type and ICD-9-CM 
code based comorbidity, sepsis, and acute organ failure covariates which have similar 
discrimination for 30 day mortality as Acute Physiology and Chronic Health Evaluation 
(APACHE) II25. Changes from the expected hospital length of stay (LOS) were computed 
as the difference between the actual LOS and the geometric mean LOS for each DRG 
as determined by the Centers for Medicare & Medicaid Services34. Inter-facility transfer 
was defined as transfer of patient from an acute care hospital to either hospital under 
study35. Red Cell Distribution Width was determined at ICU admission.

Assessment of Mortality
The vital status of patients in this study cohort was obtained from the Social Security 
Administration Death Master File. The accuracy of the Social Security Administration 
Death Master File was previously validated for in-hospital and out-of-hospital mortality 
in our administrative database24. The censoring date was December 31, 2013.

End Points
The primary endpoint was all-cause, out-of-hospital mortality at 90 days. Secondary 
endpoint was discharge to home. Discharge disposition data was determined from 
hospital records.
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Power Calculations and Statistical Analysis
For our power calculation, based on our previous work and that of others17, 36, 37, we 
assumed the 90-day post-discharge mortality rate to have a two-fold absolute increase 
in the patients with an absolute eosinophil count of ≤10 cells/µL compared to patients 
with an eosinophil count of 101-350 cells/µL. We assumed an absolute eosinophil count 
of 101-350 cells/µL would have a 90-day post-discharge mortality of 5%38, and the ratio 
of patients with absolute eosinophil count of ≤10 cells/µL to those with 101-350 cells/µL 
was 5:1. With an alpha error level of 5% and a power of 80%, the minimum sample size 
required for our primary end point is 1,560 total patients (1,300 with absolute eosinophil 
count of 101-350 cells/µL and 260 patients with ≤10 cells/µL).

The frequency distribution and the comparison across eosinophil categories were used 
to describe categorical covariates using contingency tables and chi-square testing. 
Continuous covariates were assessed graphically and in terms of summary statistics 
(mean, SD, median, interquartile range) when appropriate. Using one-way analysis of 
variance, continuous covariates were compared across exposure groups. Bivariable 
logistic regression was used to estimate the unadjusted associations between eosinophil 
categories and mortality. Adjusted odds ratios were estimated by multivariable logistic 
regression models with inclusion of a priori determined covariate terms thought to 
plausibly associate with both eosinophils and mortality to avoid over-adjustment bias 
and unnecessary adjustment39. Covariate terms included age, race, patient DRG type 
(medical vs. surgical), Deyo-Charlson index, prior vascular surgery, vascular surgery 
class, inter-facility transfer status and inpatient hospital.

For the primary model (90-day, out-of-hospital mortality), specification of each 
continuous covariate (as linear vs categorical term) was adjudicated by the empiric 
association with the primary outcome using Akaike’s Information Criterion. The 
Hosmer-Lemeshow test was used to assess the overall fit of the model. Unadjusted 
event rates were calculated with the use of the Kaplan-Meier methods and compared 
with the use of the log-rank test. We assessed possible effect modification of year of 
hospital admission and malignancy on the risk of mortality using the likelihood-ratio 
test. Models for secondary analyses (discharge to home) were specified identically 
to the primary model to bear greatest analogy. Area under the receiver operating 
characteristic curve (AUC) was constructed to analyze the discriminating power of 
absolute eosinophil count at admission for predicting 90-day, out-of-hospital mortality. 
The continuous adjusted relationship between absolute eosinophil count and risk of 
90-day post-discharge mortality was graphically represented utilizing the coefplot 
command40. Pearson's product-moment correlation was run to assess the relationship 
between absolute eosinophil count and Red Cell Distribution Width at ICU admission. 
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All p-values were two-tailed and considered statistically significant if values were less 
than 0.05. All analyses were performed using STATA 12.0MP statistical software (Stata 
Corp., College Station, TX).

RESULTS

Table 1 shows characteristics of the study population. Most patients were male 
(57%), white (82%) and the majority had surgically related DRGs (83%). The mean 
age at hospital admission was 61.4 (SD 17.4) years. 16.7% of the cohort were inter-
facility transfers. Post-hospital discharge mortality rates were 6.7% at 90-days, 9.6% 
at 180 days and 13.0% at 365 days. 90-day readmission rate was 20.9%. The vascular 
surgery procedure classes in the cohort included abdomen (33%), amputations (2%), 
compartment syndrome (2%), lower extremity (9%), neck (8%), upper extremity (32%) 
and venous (13%). Sixty-four percent of the vascular procedures were endovascular. 
Details of the vascular surgery procedures are outlined in Supplemental Table 1. Age, 
Deyo-Charlson Index, acute organ failure, malignancy, acute kidney injury, sepsis, acute 
organ failure score, change in expected length of stay, discharge to home and hospital 
readmission are significant predictors of 90-day post-discharge mortality (Table 1). 
Patients with Absolute Eosinophil Count ≤10 cells/µL are younger, more often female, 
have fewer prior vascular surgery, more sepsis, have higher length of stay and greater 
90-day post-discharge mortality (Table 2).
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TABLE 1. Characteristics and Unadjusted Association of Potential Prognostic Determinants With 90-Day 
Post Discharge Mortalitya

Alive
N= 4,742     

Expireda

N=341
Total

N=5,083 P-value

Unadjusted OR 
(95%CI) for 90-day 

Post Discharge 
Mortality

Age years-mean±SD 60.7 ± 17.4 72 ± 13.6 61.4 ± 17.4 <0.001† 1.05 (1.04, 1.06)

Male Gender-no.(%) 2,708 (57) 182 (53) 2,890 (57) 0.18 0.86 (0.69, 1.07)

Non-White Race-no.(%) 851 (18) 47 (14) 898 (18) 0.052 0.73 (0.53, 1.00)

Surgical Patient Type-no.(%) 3,934 (83) 292 (86) 4,226 (83) 0.20 1.22 (0.90, 1.67)

Prior Vascular Surgery-no.(%) 572 (12) 46 (13) 618 (12) 0.44 1.14 (0.82, 1.57)

Deyo-Charlson index-no.(%) <0.001

0-1 1,279 (26.97) 30 (8.8) 1,309 (25.75) 1.00 (Referent)

2-3 2,049 (43.21) 105 (30.79) 2,154 (42.38) 2.19 (1.45, 3.30)

4-6 1,219 (25.71) 169 (49.56) 1,388 (27.31) 5.91 (3.98, 8.78)

≥7 195 (4.11) 37 (10.85) 232 (4.56) 8.09 (4.88, 13.40)

Number of organs with 

acute failure-no.(%)

<0.001

0 1,515 (32) 52 (15) 1,567 (31) 1.00 (Referent)

1 1,659 (35) 117 (34) 1,776 (35) 2.06 (1.47, 2.87)

2 994 (21) 107 (31) 1,101 (22) 3.14 (2.23, 4.41)

3 400 (8) 49 (14) 449 (9) 3.57 (2.38, 5.35)

≥4 174 (4) 16 (5) 190 (4) 2.68 (1.50, 4.79)

Malignancy-no.(%) 770 (16) 131 (38) 901 (18) <0.001 3.22 (2.55, 4.06)

Acute Kidney Injury-no.(%)b 246 (6) 25 (10) 271 (6) 0.010 1.75 (1.14, 2.71)

Sepsis-no.(%) 372 (8) 48 (14) 420 (8) <0.001 1.92 (1.39, 2.66)

Noncardiogenic acute 

respiratory failure-no.(%)

419 (9) 31 (9) 450 (9) 0.87 1.03 (0.70, 1.51)

Vasopressors/Inotropes-no.(%) 2,301 (49) 154 (45) 2,455 (48) 0.23 0.87 (0.70, 1.09)

Acute Organ Failure 

Score-mean±SDc

7.8 ± 3.8 10.3 ± 3.7 8.0 ± 3.9 <0.001† 1.17 (1.14, 1.21)

Absolute Eosinophil 

Count-median[IQR]

0.10 [0.03, 0.19] 0.08 [0.02, 0.17] 0.09 [0.03, 0.19] 0.0011‡ 0.54 (0.24, 1.23)

Absolute Eosinophil 

Count-mean±SD

0.14 (0.31) 0.12 (0.17) 0.14 (0.30) 0.33 0.54 (0.24, 1.23)

Red Cell Distribution 

Width-mean±SDd

14.2 ± 1.6 15.4 ± 2.0 14.3 ± 1.7 <0.001†  1.35 (1.29, 1.42)

Change in Expected Length 

of Stay-median[IQR]

4.0 [0.4, 10.5] 8.3 [1.3, 17.7] 4.2 [0.5, 11.0] <0.001‡ 1.02 (1.01, 1.02)

Discharge to Home-no.(%) 2,332 (49) 88 (26) 2,420 (48) <0.001 0.36 (0.28, 0.46)

90-Day Readmission-no.(%) 969 (20) 91 (27) 1,060 (21) 0.006 1.42 (1.10, 1.82)

Data presented as no. (%) unless otherwise indicated. P determined by chi-square except for † determined by ANOVA 
or ‡ determined by Kruskal-Wallis test. a Expired within 90-days following hospital discharge. b Acute Kidney Injury is 
RIFLE class injury or failure and available on 4,232 patients. c The Acute Organ Failure score is a severity of illness risk-
prediction score ranging from 0-30 points with 30 having the highest risk for mortality. d Red Cell Distribution Width at 
ICU admission is available on 5,011 patients.
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TABLE 2. Patient characteristics by Absolute Eosinophil Count

Absolute Eosinophil Count cells/µL

P-value≤10 11-50 51-100 101-350 >350

N  743 879 940 2,161      360

Age-mean±SD 58.1 ± 18.1 59.4 ± 17.6 60.9 ± 17.4 63.3 ± 16.8 63.3 ± 17.4 <0.001†

Male Gender-no.(%) 379 (51) 492 (56) 523 (56) 1261 (58) 235 (65) <0.001

Non-White Race-no.(%) 124 (17) 166 (19) 200 (21) 350 (16) 58 (16) 0.009

Surgical Patient Type-no.(%) 616 (83) 710 (81) 769 (82) 1826 (85) 305 (85) 0.084

Prior Vascular Surgery-no.(%) 70 (9) 83 (9) 104 (11) 304 (14) 57 (16) <0.001

Endovascular-no.(%) 396 (53) 522 (59) 556 (59) 1171 (54) 191 (53) 0.007

Deyo-Charlson index-no.(%) 0.001

0-1 179 (24) 239 (27) 275 (29) 548 (25) 68 (19)

2-3 334 (45) 381 (43) 393 (42) 901 (42) 145 (40)

4-6 200 (27) 231 (26) 232 (25) 603 (28) 122 (34)

≥7 30 (4) 28 (3) 40 (4) 109 (5) 25 (7)

Number of organs with 

acute failure -no.(%)

<0.001

0 195 (26) 264 (30) 311 (33) 699 (32.35) 98 (27.22)

1 241 (32) 287 (33) 326 (35) 775 (35.86) 147 (40.83)

2 170 (23) 205 (23) 204 (22) 446 (20.64) 76 (21.11)

3 94 (13) 83 (9) 69 (7) 176 (8.14) 27 (7.5)

≥4 43 (6) 40 (5) 30 (3) 65 (3) 12 (3.33)

Malignancy-no.(%) 166 (22) 170 (19) 182 (19) 329 (15) 54 (15) <0.001

Acute Kidney Injury-no.(%)a 165 (22) 151 (17) 187 (20) 526 (24) 93 (26) <0.001

Sepsis-no.(%) 97 (13) 78 (9) 61 (6) 157 (7) 27 (8) <0.001

Noncardiogenic acute 

respiratory failure -no.(%)

74 (10) 114 (13) 83 (9) 154 (7) 25 (7) <0.001

Vasopressors/Inotropes -no.(%) 395 (53) 446 (51) 426 (45) 1022 (47) 166 (46) 0.007

Acute Organ Failure 

Score-mean±SD

8.2 ± 4.0 8.1 ± 4.0 7.7 ± 3.9 7.9 ± 3.8 8.2 ± 3.7 0.03†

Red Cell Distribution 

Width-mean±SDb

14.6 ± 2.0 14.2 ± 1.8 14.1 ± 1.6 14.3 ± 1.6 14.5 ± 1.7 <0.001†

Change in Expected Length 

of Stay-median[IQR]

6.2 [1.4, 

14.5]

5.0 [0.7, 

12.9]

3.9 [0.4, 

10.0] 

3.7 [0.4, 

10.1]

4.3 [0.7, 

10.7]

<0.001‡

Discharge to Home-no.(%) 315 (42) 398 (45) 437 (46) 1097 (51) 173 (48) 0.001

90-day Readmission-No.(%) 155 (21) 180 (20) 193 (21) 460 (21) 72 (20) 0.97

90-day post-discharge 

Mortality-no.(%)

71 (10) 66 (8) 61 (6) 123 (6) 20 (6) 0.005

365-day post-discharge 

Mortality-no.(%)

110 (15) 127 (14) 120 (13) 254 (12) 49 (14) 0.14

Data presented as n (%) unless otherwise indicated. P determined by chi-square except for † determined by ANOVA 
or ‡ determined by Kruskal-Wallis test.
a Acute Kidney Injury is RIFLE class injury or failure.  Information on acute kidney injury available on 4,232 patients.
b Red Cell Distribution Width at ICU admission is available on 5,011 patients.
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Primary outcome
Eosinopenia was a robust predictor of mortality (Table 3 and Figure 1). The odds of 90-
day mortality in the ≤10 cells/µL eosinophil group was 75% higher than that of those in 
the 101-350 cells/µL eosinophil group. Eosinopenia remained a significant predictor of 
odds of mortality after adjustment for age, race, patient DRG type (medical vs. surgical), 
Deyo-Charlson index, prior vascular surgery, vascular surgery class, inter-facility transfer 
status and inpatient hospital. The adjusted odds of 90-day mortality in the ≤10 cells/µL 
eosinophil group was 97% higher than that of those in the 101-350 cells/µL eosinophil 
group (Table 3). The AUC for the prediction model for 90-day post-discharge mortality 
was 0.77 (95%CI 0.75-0.80). The prediction model showed good calibration (HLχ2 8.0, 
P=0.43). There was no significant effect modification of the eosinophil 90-day post-
discharge mortality association on the basis of RDW (P-interaction=0.26), year of 
hospitalization (P-interaction=0.76) or malignancy (P-interaction=0.21). Additional 
adjustment of the model for sepsis or RDW did not materially alter the point estimates 
(Table 3, Models 2 and 3).

TABLE 3. Unadjusted and adjusted associations between Absolute Eosinophil Count and 90-day post-
discharge mortality (N= 5,083)

90-day post-
discharge 
mortality

≤10 11-50 51-100 101-350 >350

OR (95% CI)
P

OR (95% CI)
P

OR (95% CI)
P

OR (95% CI)
P

OR (95% CI)
P

Crude 1.75 (1.29, 2.37)
<0.001

1.35 (0.99, 1.83)
0.61

1.15 (0.84, 1.58)
0.39

1.00 
(Referent)a

0.98 (0.60, 1.59)
0.92

Adjustedb 1.97 (1.42, 2.73)
<0.001

1.44 (1.04, 2.00)
0.029

1.30 (0.93, 1.81)
0.12

1.00 
(Referent)a

0.88 (0.54, 1.46)
0.63

Adjustedc 1.93 (1.39, 2.68)
<0.001

1.43 (1.03, 2.26)
0.034

1.31 (0.94, 1.82)
0.12

1.00 
(Referent)a

0.89 (0.54, 1.46)
0.66

Adjustedd 1.79 (1.28, 2.49)
0.001

1.42 (1.01, 1.98)
0.041

1.33 (0.95, 1.85)
0.095

1.00 
(Referent)a

0.89 (0.54, 1.47)
0.64

Note:
a Referent in each case is Absolute Eosinophil Count 101-350 cells/µL
b Model 1: Estimates adjusted for age, race, patient DRG type (medical vs. surgical), Deyo-Charlson index,
prior vascular surgery, vascular surgery class, inter-facility transfer status and inpatient hospital.
c Model 2: Estimates adjusted for covariates in Model 1 and additionally for sepsis.
d Model 3: Estimates adjusted for covariates in Model 1 and additionally for Red Cell Distribution Width at ICU 
admission.
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FIGURE 1. Coefficient plot. Plot representing multivariate estimates of the absolute eosinophil count-
mortality association with confidence intervals (dashes). Multivariate estimates adjusted for age, race, 
patient DRG type (medical vs. surgical), Deyo-Charlson index, prior vascular surgery, vascular surgery 
class, inter-facility transfer status and inpatient hospital.

Secondary Outcome
The odds of a hospital discharge to home in the ≤10 cells/µL eosinophil group was 
29% lower than that of those in the 101-350 cells/µL eosinophil group (Table 4). 
Following adjustment, the odds of discharge to home in the ≤10 cells/µL eosinophil 
group remained 29% lower compared to those of the 101-350 cells/µL eosinophil group 
(Table 4).

TABLE 4. Unadjusted and adjusted associations between Absolute Eosinophil Count and Discharge to 
Home (N= 5,083)

≤10 11-50 51-100 101-350 >350

OR (95% CI)
P

OR (95% CI)
P

OR (95% CI)
P

OR (95% CI)
P

OR (95% CI)
P

Discharge to Home

Crude 0.71 (0.60, 0.84)
<0.01

0.80 (0.69, 0.94)
0.006

0.84 (0.72, 0.98)
0.029

1.00 
(Referent)a

0.90 (0.72, 1.12)
0.34

Adjustedb 0.71 (0.59, 0.85)
<0.001

0.81 (0.68, 0.96)
0.014

0.84 (0.71, 0.98)
0.031

1.00 
(Referent)a

0.89 (0.71, 1.13)
0.35

Note:
a Referent in each case is Absolute Eosinophil Count 101-350 cells/µL
b Model 4: Estimates adjusted for age, race, patient DRG type (medical vs. surgical), Deyo-Charlson index,
prior vascular surgery, vascular surgery class, inter-facility transfer status and inpatient hospital.
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Sensitivity Analysis
We next analyzed the association of the absolute eosinophil count within 48 hours of ICU 
admission and 90-day post-discharge mortality in critically ill population with (N=5,083) 
and without (N=63,291) vascular surgery patients. Critically ill vascular surgery patients 
have higher comorbidity than those without vascular surgery (chi2 P<0.001). In both 
cohorts, eosinopenia is a significant predictor of odds of mortality after adjustment 
for age, race, patient DRG type (medical vs. surgical), Deyo-Charlson index and sepsis 
(Supplemental Table 2). For the ≤10 cells/µL eosinophil group, the effect size (odds 
ratio) of the vascular patients was higher than the non-vascular critically ill (2.08 vs 1.90). 
This indicates that absolute eosinophil count is a more robust predictor in critically ill 
patients who undergo vascular surgery.

Subanalysis
There was a no correlation between absolute eosinophil count and Red Cell Distribution 
Width at ICU admission, r(5,009)=0.002, p=0.88, with RDW explaining 0% of the variation 
in absolute eosinophil count. To evaluate the robustness of the absolute eosinophil 
count-post-discharge mortality association in the presence of chronic inflammation, 
we restricted the cohort to those patients with elevated RDW at ICU admission 
(RDW≥14.8%, N=1,530). In this smaller cohort, following adjustment for age, race, 
patient DRG type (medical vs. surgical), Deyo-Charlson index, prior vascular surgery, 
vascular surgery class, inter-facility transfer status and inpatient hospital, the odds of 
90-day post-discharge mortality in patients with absolute eosinophil counts ≤10 cells/
µL was 2.3 fold higher compared to those with absolute eosinophil counts of 101-350 
cells/µL [OR=2.27 (95%CI 1.47, 3.52; P<0.001)].

DISCUSSION

In this study, we investigated whether eosinopenia, at ICU admission in critically ill 
vascular surgery patients, was associated with post-hospital discharge outcomes. 
Our novel observations show that eosinopenia at ICU admission in vascular surgery 
patients is associated with a significant increase in the odds of post-discharge hospital 
mortality and a decrease in the odds of a hospital to home discharge. While we cannot 
infer causation from our observational study, the eosinopenia-mortality association 
does have biologic plausibility. Identification of a robust risk factor for ICU survivorship 
outcomes that is routinely measured and inexpensive may enhance the development 
of risk prediction scores for out-of-hospital outcomes.
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Eosinopenia during acute inflammation is an old observation, first noted in the 1880s41. 
Eosinophils are multifunctional leucocytes that are part of the normal mucosal immune 
system and play vital roles in numerous inflammatory responses42. Early during 
inflammation, chemotactic factors such as complement 5a and fibrin fragments are 
released in the circulation, recruiting eosinophils to major organs and rapidly dropping 
the peripheral eosinophil count16, 43-45. The rapid disappearance of eosinophils from 
the circulation implies both intense acute inflammation and sequestration of the 
eosinophils outside the circulation.

Eosinopenia, defined as an absolute eosinophil count ≤10 cells/ul, is an early marker for 
adverse outcomes in critically ill patients17, 18. Eosinopenia has good discrimination for 
infection in critically ill patients at ICU admission21, 22, 46 and is associated with elevated 
in-hospital mortality in critically ill medical patients17, 22, 47. Sustained eosinopenia is 
associated with decreased survival in bacteremia20 even though eosinopenia fails to 
discriminate well between systemic inflammatory response syndrome and sepsis21, 48. 
Eosinopenia may be a suitable biomarker for the intensity of inflammation in vascular 
surgery patients as this population has a higher baseline systemic inflammatory burden.

The role of the immune system in chronic disease differs from acute illness. From our 
subanalysis, it appears that the absolute eosinophil count and RDW are not correlated 
and likely provide different information regarding acute and chronic inflammation 
respectively. Further it appears that eosinopenia is a more robust predictor of mortality 
in critical illness survivors who undergo vascular surgery a group with high comorbidity. 
The depth of eosinopenia is likely reflective of the intensity of acute inflammation, 
which itself is associated with adverse outcomes. The response to chronic inflammation 
is a suppression of erythropoiesis and erythrocyte maturation, decrease in erythrocyte 
survival and a resultant increase in the RDW49. Our observation of the distinction between 
the absolute eosinophil count and RDW may assist in the construction of a composite 
risk score utilizing commonly obtained covariates to enhance clinical utility. In patient-
provider discussions in the ICU regarding goals of treatment and long-term prognosis, 
information regarding the intensity of inflammation reflected by eosinopenia may be of 
value. Patients known to have eosinopenia at ICU admission may benefit from a more 
intensive rehabilitation and follow-up regime after hospital discharge.

The present study may have limitations. Post-discharge outcomes may be influenced 
by other variables independent of the absolute eosinophil count, which could bias 
estimates. Ascertainment bias may be present as not all critically ill vascular surgery 
patients have absolute eosinophil count measured, as it is included in the white blood 
cell differential. Our two-center study may not be generalizable to all centers. Utilization 
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of ICD-9-CM codes to determine comorbidities will underestimate the true incidence, 
which is likely higher. Despite multivariable adjustment for potential confounders, 
residual confounding may be present. Though we are unable to adjust for physiologic 
based severity of illness scores, we have adjusted for an ICU-risk prediction score 
validated against APACHE II25. However, the absence of physiologic data is a potential 
limitation of our study.

In conclusion, eosinopenia is a robust predictor for post-hospital mortality and hospital 
discharge disposition in critically ill vascular surgery patients. The low cost, wide 
availability and facile interpretation of the absolute eosinophil count would tend to 
favor its adoption over more impractical and expensive tests.
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SUPPLEMENTAL TABLE 1. Characteristics of Vascular Surgery Procedures relative to 90-Day Post 
Discharge Mortalitya

Procedure Type Alive (N=4742) Expired (N=341)a

Arterial Catheter-No.(%) 2,516 (53.06) 159 (46.63)

Venous Catheter-No.(%) 749 (15.80) 98 (28.74)

IVC Filter-No.(%) 597 (12.59) 85 (24.93)

Repair Blood Vessel-No.(%) 490 (10.33) 21 (6.16)

Arterial Bypass-No.(%) 449 (9.47) 30 (8.80)

Direct Repair of Aneurysm-No.(%) 375 (7.91) 22 (6.45)

Transcatheter Occlusion-No.(%) 244 (5.15) 30 (8.80)

Transluminal Balloon Angioplasty-No.(%) 227 (4.79) 21 (6.16)

Transcatheter IV Stent-No.(%) 214 (4.51) 17 (4.99)

Transcatheter Infusion-No.(%) 202 (4.26) 17 (4.99)

Decompression-No.(%) 159 (3.35) 9 (2.64)

Exploration-No.(%) 152 (3.21) 8 (2.35)

Thromboendarterectomy-No.(%) 145 (3.06) 15 (4.40)

Amputation-No.(%) 140 (2.95) 12 (3.52)

Embolectomy Or Thrombectomy-No.(%) 126 (2.66) 24 (7.04)

Artery Exposure-No.(%) 108 (2.28) 8 (2.35)

Intravascular Ultrasound-No.(%) 105 (2.21) 10 (2.93)

Thrombolytic Therapy-No.(%) 97 (2.05) 11 (3.23)

Repair Arterial Rupture-No.(%) 90 (1.90) 9 (2.64)

Clot Removal-No.(%) 71 (1.50) 5 (1.47)

Artery Access-No.(%) 58 (1.22) 6 (1.76)

Ligation-No.(%) 49 (1.03) 0 (0)

Graft Excision-No.(%) 35 (0.74) 1 (0.29)

Endovascular AAA Repair-No.(%) 32 (0.67) 7 (2.05)

Intracatheter Introduction-No.(%) 31 (0.65) 3 (0.88)

Bypass Graft-No.(%) 30 (0.63) 4 (1.17)

Intravenous Catheter-No.(%) 19 (0.40) 2 (0.59)

Thrombectomy-No.(%) 19 (0.40) 0 (0)

Repair Arterial Aneurysm-No.(%) 17 (0.36) 3 (0.88)

Fasciotomy-No.(%) 13 (0.27) 1 (0.29)

Disarticulation-No.(%) 10 (0.21) 1 (0.29)

Endovascular Iliac-No.(%) 9 (0.19) 2 (0.59)

Venous Anastomosis-No.(%) 9 (0.19) 0 (0)

Carotid-No.(%) 8 (0.17) 0 (0)
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SUPPLEMENTAL TABLE 1. Continued.

Procedure Type Alive (N=4742) Expired (N=341)a

Injection-No.(%) 8 (0.17) 0 (0)

Vein Bypass-No.(%) 5 (0.11) 0 (0)

AVF-No.(%) 4 (0.08) 0 (0)

Transluminal Peripheral 
Atherectomy-No.(%) 

4 (0.08) 0 (0)

Cannula Declotting-No.(%) 3 (0.06) 0 (0)
a Expired within 90-days following hospital discharge 

SUPPLEMENTAL TABLE 2. Adjusted associations between Absolute Eosinophil Count and 90-day post-
discharge mortality in critically ill relative to vascular surgery status (N= 63,291)

90-day post-
discharge 
mortality

≤10 11-50 51-100 101-350 >350

OR (95% CI)
P

OR (95% CI)
P

OR (95% CI)
P

OR (95% CI)
P

OR (95% CI)
P

Vascular 
Surgery Cohort 
(N=5,083)b

2.08 (1.54, 2.82)
<0.001

1.51 (1.11, 2.05)
0.009

1.39 (1.03, 1.88)
0.034

1.00 
(Referent)a

1.01 (0.65, 1.57)
0.96

Non Vascular 
Surgery Cohort 
(N=63,291)c

1.90 (1.75, 2.08)
<0.001

1.77 (1.62, 1.92)
<0.001

1.41 (1.30, 1.54)
<0.001

1.00 
(Referent)a

1.07 (0.94, 1.22)
0.30

Note:
a Referent in each case is Absolute Eosinophil Count 101-350 cells/µL
b Model 5: Estimates adjusted for age, race, patient DRG type (medical vs. surgical), Deyo-Charlson index,
and sepsis.
c Model 6: Estimates adjusted for age, race, patient DRG type (medical vs. surgical), Deyo-Charlson index,
and sepsis.
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ABSTRACT

Background
We aimed to determine the correlation between the functional status at discharge in 
non-cardiac vascular surgery patients and the out-of-hospital mortality.

Methods
We performed a retrospective cohort study including adult non-cardiac vascular surgery 
patients (open, endovascular and venous procedures) surviving hospitalization in 
Boston, Massachusetts, USA.  The exposure of interest was functional status determined 
by a licensed physical therapist at hospital discharge and rated based on qualitative 
categories adapted from the Functional Independence Measure. The primary outcome 
was all cause 90-day mortality after hospital discharge. The secondary outcome was 
readmission within 30days. Adjusted odds ratios were estimated by multivariable 
logistic regression models.

Results
This cohort included 2318 patients (male 51%; mean age 61±17.7). After evaluation 
by a physiotherapist, 425 patients scored the lowest functional status, 631 scored 
moderately low, 681 moderately high and 581 scored the highest functional status. The 
lowest functional status was associated with a 3.41-fold increased adjusted odds for 
90-day mortality (95%CI, 1.70-6.84) compared to patients with the highest functional 
status. When excluding venous intervention patients the adjusted odds ratio was 6.76 
(95%CI, 2.53-18.12) for the 90-day mortality post-discharge. The adjusted odds for 
readmission within 30-days was 1.5 fold increased in patients with the lowest functional 
status (95%CI, 1.04-2.20).

Conclusions
In vascular surgery patients surviving hospitalization, functional status is strongly 
associated with out-of-hospital mortality and readmission rate. Future trials could 
provide evidence if improvement of functional status could prevent adverse outcomes 
in the postoperative setting.
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INTRODUCTION

The prevalence of peripheral artery disease increased between 2000 and 2010 to 13% 
with higher rates in older patients living in high income countries1. Additionally, the 
all-cause and cardiovascular mortality rates are significantly increased in both men and 
women with peripheral vascular disease compared with persons without2. In peripheral 
vascular disease patients, physical exercise is known to be a cost-effective treatment 
whereas the lack of physical exercise is a major risk factor for developing more advanced 
vascular disease and contributes to mortality3, 4.

In patients with critical limb ischemia, the preoperatively measured functional status 
is associated with a decreased short term survival5-7. Also, for aortic aneurysm patients 
who underwent endovascular surgery, an association between preoperative functional 
status and in-hospital outcomes has been established8. Endovascular surgery combined 
with post-surgery exercise is demonstrated to increase functional status and quality 
of life9. Long-term functional independence is the desirable outcome of treatment in 
most vascular surgery patients, as it is associated with a higher quality of life10. Due to 
the limited evidence, no recommendations are made for the improvement functional 
status after hospitalization in the European guidelines for chronic limb threatening 
ischaemia or aortic aneurysms11, 12. Peri-operative assessment of the level of physical 
activity dependence and self-care, i.e. functional status, could provide clinicians with 
information on the potential improvement that can be made in the functional status 
ultimately resulting in a positive effect on the prognosis of the patient.

As functional status might be an important risk factor contributing to out-of-hospital 
mortality, this study aimed at the association between functional status at hospital 
discharge and the out-of-hospital mortality in non-cardiac vascular surgery patients. 
Poor functional mobility status at hospital discharge following vascular surgery was 
hypothesized to be associated with increased subsequent mortality and hospital 
readmission. To explore this hypothesis, a single centre retrospective cohort study was 
performed of 2318 adults from 2004 to 2012 who underwent vascular surgery and had 
a formal evaluation for functional mobility status at hospital discharge.

METHODS

Source population
Administrative and laboratory data were extracted from individuals admitted to 
Brigham and Women’s Hospital (BWH) in Boston, Massachusetts, USA, a 793 bed 
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primary and tertiary care facility that provides full spectrum vascular surgery to an 
ethnically and socioeconomically diverse population within eastern Massachusetts and 
the surrounding area.

Data sources
Prospective data on all patients admitted to BWH between November 2004 and February 
2012 were obtained through the Brigham Integrated Computing System (BICS)13 and 
the Research Patient Data Registry (RPDR)14 and analysed retrospectively for this study. 
The RPDR is a computerized registry which serves as a central data warehouse for all 
inpatient and outpatient records at Partners HealthCare sites which includes BWH. The 
RPDR has been used for other clinical research studies15-19 and validated for post hospital 
discharge mortality capture20, Current Procedural Terminology (CPT) code assignment20, 
International Classification of Diseases (ICD-9) diagnosis17, 21, patient name17, gender17, 
date of birth17 and medication exposure17. Approval for the study was granted by the 
Partners Human Research Committee (Institutional Review Board). The Institutional 
Review Board approval included a waiver of the requirement to obtain informed 
consent because the risk to study subjects, including risk to privacy, was deemed to 
be minimal, obtaining informed consent of study subjects was not feasible and the 
rights and welfare of the subjects would not be adversely affected by the waiver. This 
paper was written in accordance with the ‘Strengthening the reporting of observational 
studies in epidemiology (STROBE) Statement22.

Study population
Adults admitted to the BWH as inpatients and who underwent non-cardiac vascular 
open surgery, endovascular intervention or venous procedures were eligible for 
inclusion in this cohort. During the study period, 8577 unique inpatients, 18 years and 
older, who were assigned Current Procedural Terminology (CPT) codes for vascular 
surgery (Supplemental Methods 1) and survived hospitalization were included. 
Exclusions contained 6259 patients who did not receive a formal structured evaluation 
from a physical therapist within 48 hours prior to hospital discharge (Supplemental 
Table 1). Thus, the analytic cohort comprised 2318 patients who were evaluated by 
physical therapist within 48 hours prior to hospital discharge.

Exposure of interest and covariates
The exposure of interest was functional status at hospital discharge defined as physical 
function assessed within 48 hours prior to hospital discharge. Physical therapists screen 
all vascular surgery patients and those who are at risk are further evaluated with a 
formal structured objective assessment20. Determination of physical function was made 
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by a licensed physical therapist and rated based on qualitative categories adapted 
from the functional mobility subscales of the Functional Independence Measure (FIM-
motor)23-28. Physical therapists are trained to ensure standardization of FIM-motor 
scale criteria. The FIM-motor scale incorporates transfers (including bed, chair, and 
wheelchair) as well as locomotion (including walking) and are scored on an ordinal 
scale based on percentage of active patient participation in the selected task24. The 
FIM-motor scale system grades patients on a scale of function for motor tasks assessed 
(independent, standby assist/supervision, minimal assist, moderate assist, maximal 
assist, and total assist) with a determination of “not applicable” used when a patient 
was either incapable of progressing to the designated task or to indicate physical or 
medical limitations (Supplemental Table 2). Patients were assessed on bed mobility 
(roll side-to-side, supine-to-sit, sit-to-supine), transfers (sit-to-stand, stand-to-sit, bed-
to-chair), and gait (level ambulation). We previously derived and validated a categorical 
risk prediction score (Functional Status Score) based on a logistic regression model of 
individual patient FIM-motor scales for each assessment of bed mobility, transfer and 
gait19. Cohort patients were placed into quartiles of the categorical risk prediction score 
at hospital discharge: highest functional status (referent), moderately high functional 
status, moderately low functional status and lowest functional status. The patients 
were divided into four groups on the basis of the categorical risk prediction score point 
distribution, which ranged from 0 to 18 points: highest functional status (0-2 points), 
moderately high (3 to 8 points), moderately low (9 to 11 points), and lowest functional 
status (>11 points).

We utilized the Deyo-Charlson index to assess the burden of chronic illness by employing 
ICD-9 coding algorithms, which is previously studied and validated29. Ethnicity was 
designated by the patient or by a patient representative. Patient admission “type” was 
defined as “medical” or “surgical” and incorporates the Diagnosis Related Group (DRG) 
methodology30. DRGs are used by the US Centers for Medicare & Medicaid services 
as the basic unit of hospital payment. The DRG is reflective of case mix contributing 
to overall cost. Patients considered Emergent were admitted to the hospital via the 
emergency room while Non-Emergent patients were admitted to the hospital following 
referral from an outpatient clinic or another facility. The CPT codes for vascular surgery 
were organized into regional types (Abdomen, Amputations, Compartment syndrome, 
Lower extremity, Neck, Upper extremity and Venous), further detailed as Open or 
Endovascular (Supplemental Methods 1), and more narrowly characterized by 
procedure (Supplemental Table 3, 4 and 5). Full details of all vascular surgery related 
CPT codes and definitions are presented as a Supplemental Methods 2. All CPT or ICD-
9 codes were derived from daily billing charges from individual physicians.
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Endpoints
The primary endpoint was 90-day all-cause mortality following hospital discharge. 
Secondary endpoints included one year all-cause mortality, discharge to healthcare 
facility and 30-day hospital readmission following hospital discharge. Vital status was 
obtained from the Social Security Administration Death Master File, which has high 
sensitivity and specificity for mortality and is validated for in-hospital and out-of-hospital 
mortality in the RPDR database20,31. In the study, 100% of the cohort had at least 90-day 
follow-up after hospital discharge with a mean (SD) follow-up of 1,534 (907) days. The 
censoring date was March 1, 2013. 30-day hospital readmission was determined from 
RPDR hospital admission data as previously described32 and defined as a subsequent 
or unscheduled admission to BWH or Massachusetts General Hospital within 30 
days of discharge following the hospitalization associated with the vascular surgery 
exposure32-34. We excluded readmissions with DRG codes that are commonly associated 
with planned readmissions in addition to DRGs for transplantation, procedures related 
to pregnancy and psychiatric issues32, 35. Discharge to Healthcare Facility was defined as 
a discharge from BWH to a Rehabilitation Hospital, Long-Term Acute Care Hospital or 
Nursing Facility.

Power calculations and statistical analysis
In a previous cohort of critically ill vascular surgery patients (n = 4715), we studied the 
post-discharge mortality ICU survivors36. From these data we assumed that 90-day 
post-discharge mortality was 7.5%. In our analytic cohort containing 425 patients with 
the lowest quartile of functional status and 581 patients with independent functional 
status, assuming an alpha error level of 5% and a power of 80%, the smallest difference 
that we could detect between 90-day mortality rates is 4.3%.

Categorical variables were described by frequency distribution and compared across 
outcome groups using contingency tables and chi-square testing. Continuous variables 
were examined graphically and in terms of summary statistics, and compared across 
outcome groups using one-way analysis of variance or the Kruskal-Wallis test. Adjusted 
odds ratios were estimated by multivariable logistic regression models with inclusion of 
covariate terms thought to associate plausibly with both functional status and 90-day 
post-discharge mortality. Overall model fit was assessed using the Hosmer Lemeshow 
test. The discriminatory ability for 90-day post-discharge mortality was quantified using 
the c-statistic. For the time to mortality, we estimated the survival curves according to 
functional status quartile with the Kaplan-Meier method and compared the results via 
the log-rank test. Furthermore, a multivariable Cox proportional hazards model was used 
to illustrate post-discharge survival related to functional status. Schoenfeld residuals 
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from the model were evaluated to assess possible departures from model assumptions. 
The Deyo-Charlson Index was adjusted in the proportional-hazards models by the use 
of separate Deyo-Charlson Index strata (≤1, >1, >3, >6) to accommodate nonlinearity in 
the relation of the hazard ratio to Deyo-Charlson Index. In all analyses, p values are two 
tailed and values below 0.05 were considered statistically significant. All analyses were 
performed using STATA 14.2MP statistical software (StataCorp LP, College Station, TX).

RESULTS

The characteristics of the study population are shown in Table 1 and Supplemental 
Table 3. Most patients were men (51%), white (81%) with a mean age at hospital 
discharge of 61.3 years (standard deviation, 17.7 years). Over the 8 year period of the 
study, 103 individual physical therapists saw a median [IQR] of 9 [3, 24] vascular surgery 
patients included in the cohort. Readmission within 30 days after discharge occurred in 
15% of patients. The 90-day, 365-day and 1825-day post-discharge mortality rates were 
5.3%, 12.4%, and 28.5%, respectively. Factors associated with 90-day post-discharge 
mortality included higher age, Deyo-Charlson index, vascular surgery type, open 
vascular surgery, length of hospital stay and 30-day readmission. Between the analytic 
cohort and the excluded patients who did not receive a formal structured evaluation 
from a physical therapist, clinically meaningful differences existed in the analytic cohort 
including a higher proportion of compartment syndrome, a longer length of stay, higher 
rates of mortality and 30-day readmission (Supplemental Table 1, Supplemental 
Table 3).
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TABLE 1. Characteristics and Unadjusted Association of Potential Prognostic Determinants With 90-
Day Post Discharge Mortalitya (n=2,318)

Characteristic Alive Expireda Total P-value OR (95%CI)

N 2,194 124 2,318

Age 60.7 ± 17.7 70.9 ± 15.2 61.3 ± 17.7 <.001† 1.04 (1.03, 1.05)

Male Gender 1,122 (51) 62 (50) 1,184 (51) .81 0.96 (0.67, 1.37)

Non-White ethnicity 434 (20) 15 (12) 449 (19) .035 0.56 (0.32, 0.97)

Medical Patient Type 409 (19) 36 (29) 445 (19) .004 1.79 (1.19, 2.67)

Deyo-Charlson Index 3.0 ± 2.3 5.3 ± 2.4 3.1 ± 2.3 <.001† 1.45 (1.34, 1.56)

Diabetes 483 (22) 33 (27) 516 (22) .23

Vascular Surgery Typeb

Abdomen 606 (28) 32 (26) 638 (28) .66 0.91 (0.60, 1.38)

Amputations 102 (5) 7 (6) 109 (5) .61 1.23 (0.56, 2.70)

Compartment 
syndrome

122 (6) 3 (2) 125 (5) - 0.42 (0.13, 1.34)

Lower extremity 519 (24) 29 (23) 548 (24) .95 0.99 (0.64, 1.51)

Neck 142 (6) 2 (2) 144 (6) - 0.24 (0.06, 0.97)

Upper extremity 742 (34) 24 (19) 766 (33) .001 0.47 (0.30, 0.74)

Venous 453 (21) 54 (44) 507 (22) <.001 2.96 (2.05, 4.29)

Operative Detail

Openc 611 (28) 17 (14) 628 (27) .001 0.41 (0.24, 0.69)

Endovasculard 1,148 (52) 54 (44) 1,202 (52) .057 0.70 (0.49, 1.01)

Emergent-No.(%) 747 (34) 39 (31) 786(34) .55 0.89 (0.60, 1.31)

Change in length 
of Stay days

10 [6, 17] 13 [8, 21] 10 [6,17] <.003‡ 1.02 (1.00, 1.02)

Length of Stay days 13.6 ± 13.4 17.7 ± 17.1 13.8 ± 13.6 <.001† 1.02 (1.00, 1.02)

Discharge to a 
Healthcare Facility

925 (42) 61 (49) 986 (43) .12 1.33 (0.92, 1.91)

30-day Readmission 301 (14) 41 (33) 342 (15) <.001 3.11 (2.10, 4.60)

Data presented as No. (%), mean ± SD or median [IQR]. P determined by chi-square except for † determined by 
ANOVA or ‡ determined by Kruskal-Wallis test.
a Expired within 90-days following hospital discharge
b Patients could have more than one vascular surgery type 
c Open is the number and proportion of patients who were assigned a CPT code for an Open procedure.
d Endovascular is the number and proportion of patients who were assigned a CPT code for an Endovascular 
procedure.
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TABLE 2. Characteristics of the study cohort stratified by Functional Status (n=2,318)

Characteristic

Functional Status

P-valueHighest Moderately High Moderately  Low Lowest

N 581 681 631 425

Functional Status 
Score range

0-2 3-8 9-11 12-18

Age 55.7 ± 17.3 59.9 ± 17.0 65.7 ± 17.3 64.5 ± 17.8 <.001†

Male Gender 308 (53) 363 (53) 308 (49) 205 (48) .18

Non-White ethnicity 130 (22) 130 (19) 113 (18) 76 (18) .18

Medical Patient Type 86 (15) 106 (16) 110 (17) 143 (34) <.001

Deyo-Charlson Index 2.7 ± 2.2 2.9 ± 2.4 3.3 ± 2.3 3.5 ± 2.2 <.001†

Vascular Surgery Typea.

Abdomen 155 (27) 212 (31) 205 (32) 66 (16) <.001

Amputations 24 (4) 36 (5) 26 (4) 23 (5) .59

Compartment 
syndrome

31 (5) 58 (9) 22 (3) 14 (3) <.001

Lower extremity 144 (25) 179 (26) 158 (25) 67 (16) <.001

Neck 50 (9) 32 (5) 44 (7) 18 (4) .008

Upper extremity 184 (32) 235 (35) 178 (28) 169 (40) .001

Venous 99 (17) 100 (15) 160 (25) 148 (35) <.001

Operative Detail

Open 190 (33) 186 (27) 196 (31) 56 (13) <.001

Endovascular 300 (52) 370 (54) 305 (48) 227 (53) .16

Emergent 167 (29) 214 (31) 213 (34) 192 (45) <.001

Change in length 
of Stay days

4 [8, 13] 5 [9, 16] 7 [10, 18] 10 [16, 26] .001‡

Length of Stay days 10.7 ± 11.6 12.5 ± 14.0 13.8 ± 12.1 20.3 ± 15.5 <.001†

Discharge to a 
Healthcare Facility

21 (4) 281 (41) 366 (58) 318 (75) <.001

30-day Readmission 67 (12) 94 (14) 103 (16) 78 (18) .012

90-day Post-discharge 
Mortality

12 (2) 27 (4) 37 (6) 48 (11) <.001

Data presented as No. (%), mean ± SD or median [IQR]. P determined by chi-square except for † determined by 
ANOVA or ‡ determined by Kruskal-Wallis test. a. Note patients can have more than one Vascular Surgery Type.
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FIGURE 1. Overall Survival. Unadjusted all-cause mortality rates were calculated to determine survival 
rates with the use of the Kaplan-Meier method and compared with the use of the log-rank test. 
Categorization of risk groups is per the primary analysis. The global comparison log rank p value is 
<.001.

Patient characteristics were stratified according to functional status categories (Table 2 
and Supplemental Table 4). With the exception of gender, ethnicity and endovascular 
surgery, all covariates differed significantly between functional status categories. The 
unadjusted association between functional status and 90-day post-discharge mortality 
showed a 6-fold increased odds of mortality in patients with the lowest functional status 
relative to those with the highest (Figure 1, Table 3, Supplemental Table 6). The log-
rank test indicated that there was a significant difference (P<.001) in the overall survival 
distributions between the patient groups.

Following adjustment for age, gender, ethnicity, Deyo-Charlson index, type (surgical vs. 
medical) and length of stay, the lowest functional status category at hospital discharge 
was associated with a 3.8-fold increased odds of 90-day post-discharge mortality 
compared with patients with the highest functional status (Table 3). The adjusted 
functional status model showed good calibration (Hosmer-Lemeshow χ2 8.19, P = .42) 
and good discrimination for 90-day post-discharge mortality (c-statistic = 0.82 95% 
CI 0.78-0.85). The adjusted association of functional status and 90-day post-discharge 
mortality is visually presented in a regression coefficient plot in Figure 2. Additional 
adjustment for vascular surgery type did not alter materially the association between 
functional status and 90-day post-discharge mortality (Table 3).
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TABLE 3. Unadjusted and Adjusted associations between Functional Status and 90-Day Post Discharge 
Mortality (n=2,318)

Functional Status

Highesta

Moderately 
High

Moderately 
Low Lowest

Functional Status Score 0-2 3-8 9-11 12-18

N 581 681 631 425

90-day post-discharge Mortality

Crude 1.00 (Referent) 1.96 (0.98, 3.90) 2.95 (1.52, 5.72) 6.04 (3.16, 11.52)

Adjustedb 1.00 (Referent) 1.56 (0.77, 3.17) 1.86 (0.94, 3.69) 3.76 (1.90, 7.44)

Adjustedc 1.00 (Referent) 1.50 (0.73, 3.09) 1.77 (0.88, 3.55) 3.41 (1.70, 6.84)

Note: a Referent in each case is the group with highest functional status. b Model 1: Estimates adjusted for age, 
gender, ethnicity, Deyo-Charlson index, type (surgical vs. medical), and length of stay. c Model 2: Estimates adjusted 
for age, gender, ethnicity, Deyo-Charlson index, type (surgical vs. medical), length of stay and vascular surgery type

FIGURE 2. Adjusted Association of Functional Status and 90-day post-discharge Mortality. Regression 
coefficient plot of multivariate estimates of the hospital discharge functional status 90-day post-discharge 
mortality association with 95% confidence intervals (dashes). Multivariate estimates adjusted for age, gender, 
ethnicity, Deyo-Charlson index, type (surgical vs. medical) and length of stay. A. Highest functional status (0-2, 
N=581), B. Moderately High functional status (3-8, N=681), C. Moderately Low functional status (9-11, N=631), 
D. Lowest functional status (12-18, N=425).
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The hazard ratios for death at 90 days among patients with moderately high, moderately 
low and lowest functional status, as compared with those the highest functional status, 
were 1.49 (95% confidence interval [CI], 1.14 to 1.95; P=.004), 2.04 (95% CI, 1.58 to 2.65; 
P<.001), and 2.86 (95% CI, 2.19 to 3.74; P<.001), respectively. The adjusted hazard ratios 
for death among patients with moderately high, moderately low and lowest functional 
status, as compared with those the highest functional status, were 1.20 (95% CI, 0.92 to 
1.57; P=.19), 1.20 (95% CI, 0.92 to 1.56; P=.18), and 1.68 (95% CI, 1.27 to 2.21; P<.001), 
respectively.

Following the exclusion of 432 patients who only had venous procedures performed, 
the associations between functional status and post-discharge 90-day mortality are 
not materially altered. Following adjustment for age, gender, ethnicity, Deyo-Charlson 
index, type (surgical vs. medical) and length of stay, the odds of 90-day post-discharge 
mortality in those with the lowest functional status was increased 6.8-fold compared 
with patients with the highest functional status (Table 4).

TABLE 4. Unadjusted and Adjusted associations between Functional Status and 90-Day Post Discharge 
Mortality excluding only venous procedures (n=1,886)

Functional Status

Highesta Moderately High Moderately Low Lowest

Functional Status Score 0-2 3-8 9-11 12-18

N 581 681 631 425

90-day post-discharge Mortality

Crude 1.00 (Referent) 2.20 (0.78, 6.21) 5.06 (1.91, 13.36) 12.35 (4.76, 32.01)

Adjustedb 1.00 (Referent) 1.71 (0.60, 4.89) 2.80 (1.04, 7.58) 6.76 (2.53, 18.12)

Note:
a Referent in each case is the group with highest functional status
b Model 3: Estimates adjusted for age, gender, ethnicity, Deyo-Charlson index, type (surgical vs. medical), and 
length of stay

We next analysed the cohort following stratification by emergent versus non emergent 
hospital admission status. In the 786 emergent patients, there is a crude significant 
association between functional status and post-discharge 90-day mortality. Following 
adjustment for age, gender, ethnicity, Deyo-Charlson index, type (surgical vs. medical) 
and length of stay, the odds of 90-day post-discharge mortality in those with the lowest 
functional status was non-significantly increased 4.6-fold compared with patients with 
the highest functional status (Supplemental Table 7, Supplemental Figure 1). In the 
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1532 non-emergent patients, following adjustment, the odds of 90-day post-discharge 
mortality in those with the lowest functional status was significantly increased 3.5-fold 
compared with patients with the highest functional status (Supplemental Table 7, 
Supplemental Figure 1).

Unplanned hospital readmissions were increased in patients with decreased functional 
status at hospital discharge (Table 2). The unadjusted odds between functional status 
and 30-day readmission was 1.72 (95% CI, 1.21 to 2.46; P=.003) fold increased in 
patients with the lowest functional status relative to those with the highest. Following 
adjustment for age, gender, ethnicity, Deyo-Charlson index, type (surgical vs. medical) 
and length of stay, the odds of 30-day readmission was 1.51 (95% CI, 1.05 to 2.20; P= 
.027) fold increased in patients with the lowest functional status relative to those with 
the highest (Table 5).

TABLE 5. Unadjusted and Adjusted associations between Functional Status and 30-Day Hospital 
Readmission (n=2,318)

Functional Status

Highesta Moderately High Moderately Low Lowest

Functional Status Score 0-2 3-8 9-11 12-18

N 581 681 631 425

30-day Hospital Readmission

Crude 1.00 (Referent) 1.23 (0.88, 1.72) 1.50 (1.08, 2.08) 1.72 (1.21, 2.46)

Adjustedb 1.00 (Referent) 1.19 (0.85, 1.67) 1.38 (0.98, 1.94) 1.52 (1.05, 2.19)

Adjustedc 1.00 (Referent) 1.19 (0.85, 1.67) 1.36 (0.97, 1.91) 1.51 (1.04, 2.20)

Note:
a Referent in each case is the group with highest functional status
b Model 1: Estimates adjusted for age, gender, ethnicity, Deyo-Charlson index, type (surgical vs. medical), and 
length of stay
c Model 2: Estimates adjusted for age, gender, ethnicity, Deyo-Charlson index, type (surgical vs. medical), length of 
stay and vascular surgery type

Discharge to healthcare facility was increased in patients with decreased functional 
status at hospital discharge (Table 2). Following adjustment for age, gender, ethnicity, 
Deyo-Charlson index, type (surgical vs. medical) and length of stay, the odds of discharge 
to healthcare facility was 63.8 (95% CI, 38.6 to 105.3; P<.001) fold increased in patients 
with the lowest functional status relative to those with the highest (Supplemental 
Table 8).
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DISCUSSION

In our study we find that in patients who undergo vascular surgery, decreased functional 
status at hospital discharge is robustly associated with subsequent mortality. Low 
functional status was also associated with unplanned hospital readmission at 30 days. 
These results emphasize the importance of functional status in the out-of-hospital risk 
assessment of vascular surgery patients who survive hospitalization.

Even in healthy subjects, more than three days of immobilization during hospitalization 
causes atrophy of skeletal muscle and is associated with a decline in functional status 
and independence37-39. With prolonged immobility, such as bed rest, the loss of strength 
and muscle mass, the negative effect on muscle mass and functional status is even 
greater, especially in the older population and the critically ill40-42. Although research 
has mainly focused on in-hospital outcomes, short- as well as long-term mortality have 
been related to a decreased muscle mass in general surgery patients and vascular 
surgery patients5, 7, 8, 43. This is especially important because up to a third of vascular 
surgery patients have an impaired functional status prior to surgery44.

In the National Surgical Quality Improvement Program (NSQIP) and Veterans Affairs 
Surgical Quality Improvement Program (VASQIP) databases, researchers found that 
the preoperative functional status was associated with 30-day mortality after lower 
extremity bypass surgery and endovascular aortic repair5, 8, 45. Also, in patients with 
peripheral artery disease who were followed for almost five years, functional status 
as measured by a six minute walk test was a predictor for overall and cardiovascular 
mortality6. This is in accordance with our study results that show an elevated risk of out-
of-hospital mortality in vascular surgery patients with decreased functional status at 
discharge. For patients with an abdominal aneurysm, randomized controlled trials show 
that pre-operative exercise may decrease the post-operative complications and length 
of hospital stay but no differences in short-term survival were found46, 47. In the European 
Society of Vascular Surgery guidelines for chronic limb threatening ischemia and aortic 
aneurysms the commendation is made to assess frailty, functional status, and quality of 
life in the pre-operative setting to predict peri-procedural risk and life expectancy11, 12. 
In the post-operative setting functional status and rehabilitation programs are mainly 
mentioned and recommended after major amputation.

Potential limitations of our study are mainly inherent to the design with a retrospective 
analysis of prospective data where causality cannot be determined with certainty. 
Though we adjust for multiple variables, residual confounding factors will be present. As 
all included patients had functional status determined at hospital discharge, selection 



175

Low functional status and poor vascular surgery outcomes

bias does exist because those patients tend to need rehabilitation. Also the study was 
performed in a single Boston tertiary care hospital which does limit the generalizability. 
In this study, we relied on ICD-9 codes to determine the Deyo-Charlson index and 
CPT codes to determine the vascular surgery procedures which may underestimate 
or overestimate the true values. The established FIM-motor scale for functional status 
assessment does include subjective determination of effort. This can potentially lead to 
misclassification.

This study has several strengths and is unique in that it studies functional status 
determined by physical therapy practitioners at hospital discharge to investigate 90-
day post-discharge mortality.  The large number of included patients ensures sufficient 
statistical power to detect associations between functional status and 90-day mortality 
if one exists. Though the traditional Functional Independence Measure23-25 data was not 
collected during assessment of physical function, we measured assessment of functional 
status by physical therapists utilizing the functional mobility sub scales adapted from 
the Functional Independence Measure23, 48. From physical therapist assessment data, we 
have previously derived and validated an adapted Functional Independence Measure 
mobility sub scale score based clinical outcome prediction model in the hospital under 
study19. Additionally, the Deyo-Charlson index and long-term post-discharge mortality 
are previously validated in the RPDR database under study19, 20, 29.

CONCLUSIONS

Vascular surgery patients with decreased functional status at hospital discharge are 
at high-risk for subsequent mortality and hospital readmission. The identification of 
such high risk patient population may provide an opportunity for closer follow up and 
potential physical therapy intervention in an attempt to modify risk factors.
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ABSTRACT

Background
Vascular surgery patients have high rates of malnutrition during hospital admission. The 
effects of this nutritional status on morbidity and mortality in this population, especially 
after hospital discharge is not well documented.

Aim
We sought to determine the impact of nutritional status on out-of-hospital mortality in 
vascular surgery patients.

Methods
We performed an observational cohort study of non-cardiac vascular surgery patients 
surviving hospital admission 18 years or older treated in Boston, Massachusetts, USA. 
The exposure of interest was nutritional status categorized as well nourished, at-risk 
for malnutrition, nonspecific malnutrition or protein-energy malnutrition. The primary 
outcome was all cause 90-day mortality following hospital discharge. Adjusted odds 
ratios were estimated by multivariable logistic regression models.

Results
This cohort included 4432 patients comprised of 48% women and a mean age 61.7 
years. After evaluation by a registered dietitian, 3819 patients were determined to 
be well nourished, 215 patients were at-risk for malnutrition, 351 had non-specific 
malnutrition and 47 patients had protein-energy malnutrition. After adjustment for age, 
sex, ethnicity, medical versus surgical Diagnosis Related Group type, Deyo-Charlson 
index, length of stay, and vascular Current Procedural Terminology code category, the 
90-day post-discharge mortality odds ratio for patients with non-specific malnutrition 
OR 1.96 (95%CI 1.21, 3.17) and for protein-energy malnutrition OR 3.58 (95%CI 1.59, 
8.06), all relative to patients without malnutrition.

Discussion
Nutritional status is a robust indicator of out-of-hospital mortality. In-hospital and out-
of-hospital dietary guidance and interventions could potentially improve the outcomes 
of patients after vascular surgery or endovascular intervention.
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INTRODUCTION

Malnutrition in hospitalized patients is common and associated with adverse 
outcomes yet is undervalued and often underreported1-7. Malnutrition in general and 
subspecialty surgical patients is an important predictor of increased hospital stay, major 
complications, hospital readmissions and mortality8-11. Adverse outcomes associated 
with malnutrition are heightened the critically ill and elderly patients12-14.

Data describing the effects of malnutrition on mortality and other adverse events in 
vascular surgery patients are limited to small studies6, 15, 16. Patients with pre-operative 
protein energy depletion more frequently develop systemic inflammatory response 
syndrome (SIRS) following major vascular surgery especially after open vascular 
surgery17. In amputation patients, known for their high pre-existing co-morbidities, 
pre-operative hypoalbuminemia is associated with increased perioperative mortality16. 
This association is also known for aortic aneurysm patients18. As albumin is also a 
negative acute phase reactant it may be more an indicator of inflammation rather 
than malnutrition directly as the inflammation is a contributor to the development 
of malnutrition. Existing malnutrition studies in vascular surgery focus on in-hospital 
outcomes. Outcomes in survivors of hospitalization are unexplored in vascular surgery 
patients.

Therefore we performed an observational study on inpatients who underwent vascular 
surgery and survived hospitalization. We utilized data determined by a registered 
dietitian (RD) evaluation to study the association of nutrition status and post-discharge 
outcomes. We hypothesized that patients who underwent vascular surgery and survived 
hospitalization, malnutrition would independently be associated with mortality and 
other adverse events following hospital discharge.

MATERIALS AND METHODS

Source population
Administrative and laboratory data were extracted from individuals admitted to 
Brigham and Women’s Hospital (BWH) in Boston, Massachusetts, USA. BWH is a 793 
bed primary and tertiary care facility that provides full spectrum vascular surgery to an 
ethnically and socioeconomically diverse population within eastern Massachusetts and 
the surrounding area.
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Data sources
Data on eligible patients were obtained through the Research Patient Data Registry 
(RPDR) between 2004 and 2012. The RPDR is a computerized registry that serves as a 
central data warehouse for all inpatient and outpatient records at Partners HealthCare 
sites19, 20 including the BWH and Massachusetts General Hospital (MGH). The RDPR has 
been used for other clinical research studies, and mortality and coding data from the 
RPDR have been validated5, 21. Since 2004, the Department of Nutrition at the BWH 
has collected inpatient nutrition information in an electronic data capture system. The 
nutrition status evaluations are performed by RDs who collect data related to energy 
and protein intake, wasting of muscle mass and subcutaneous fat as well as weight 
loss22. Approval for the study was granted by the Partners Human Research Committee 
(Institutional Review Board). Requirement for individual patient consent was waived as 
the data were analysed anonymously.

Study population
Patients eligible for inclusion were hospitalized adults aged ≥18 years who were 
admitted to intensive care unit (ICU) or in-patient care ward and who underwent non-
cardiac vascular surgery during their hospitalization and survived to hospital discharge. 
All patients were assigned at least one Current Procedural Terminology (CPT) code for 
vascular surgery23 (Supplemental Methods), and were assigned a Diagnostic Related 
Group (DRG) code. Patients treated with open vascular surgery as well as endovascular 
procedures were included. In the analytic cohort we excluded patients who died 
in hospital, did not have vascular surgery related CPT codes assigned, a DRG code 
assigned or had missing data for confounding variables (age, sex, ethnicity, length of 
stay). Between 2004 and 2012, there were 4432 patients in the analytic cohort who met 
these inclusion criteria.

Exposure of interest and comorbidities
Malnutrition is diagnosed at BWH by an RD based on patient level data related 
to insufficient nutrient intake of energy or protein, wasting of muscle mass, and 
subcutaneous fat and unintentional weight loss5, 9, 22. In short, RDs screen all vascular 
surgery patients and those who are at risk are further evaluated with a formal structured 
objective assessment using clinical judgement and on data related to inadequate 
nutrient intake of energy and/or protein, wasting of muscle mass and/or subcutaneous 
fat and unintentional weight loss. Nutrient intake of energy and protein are determined 
by calorie counts of oral intake, documented intake of tube feedings and intravenous 
nutrient sources (dextrose, propofol, and parenteral nutrition). Energy needs are 
determined by the following: for BMI < 30 kg/m2, basal metabolic rate is calculated 
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based on body surface area24 and age, then activity and stress factors are applied 
based on severity of illness (patients are generally fed between 30-35 kcal/kg). For BMI 
30-35 kg/m2 adjusted weight for obesity is calculated and used to calculate the basal 
metabolic rate based on body surface area and age, then activity and stress factors are 
applied based on severity of illness, similar to the approach for patients with a BMI < 
30 kg/m2 (these patients are generally fed between 25-35 kcal/kg). Critically ill patients 
with BMI 35-50 kg/m2 are fed at 14 kcal/kg dry weight, and those with BMI > 50 kg/m2 
are fed at 25 kcal/kg ideal body weight25-27.

Nutrition diagnoses were categorized a priori into malnutrition absent, at risk for 
malnutrition, nonspecific malnutrition, or any protein-energy malnutrition22. Patients 
were categorized as nonspecific malnutrition if the patient had known risk factors 
(inadequate nutrient intake of energy, protein, and micronutrients) with metabolic stress 
(increased calorie requirement) and/or overt signs of malnutrition (wasting of muscle 
mass and/or subcutaneous fat) without supporting anthropometric or biochemical 
data present. Metabolic stress factors are utilized from prior work which measured 
disease specific energy expenditure relative to the predicted energy expenditure via the 
Harris-Benedict equation28. To be categorized as protein-energy malnutrition, patients 
must have a combination of disease-related weight loss, underweight status based on 
percent ideal body weight29, overt muscle wasting, peripheral oedema, inadequate 
energy, or protein intake. Serum albumin, total lymphocyte count, and transferrin are 
part of the malnutrition criteria but RDs are trained to consider these as invalid markers 
of nutrition in patients with significant inflammation, altered volume status, and other 
conditions where these markers would be altered as a result of illness. Malnutrition 
was categorized as absent if patients were diagnosed as well-nourished and not at risk 
for malnutrition. For this study, malnutrition was considered present if the patient was 
diagnosed by an RD with non-specific malnutrition, mild protein-energy malnutrition, 
moderate protein-energy malnutrition, severe protein-energy malnutrition, marasmus, 
or kwashiorkor. The criteria per malnutrition category is listed in Supplemental 
Methods.

DRG type was defined as medical or surgical and incorporates the Diagnostic Related 
Grouping (DRG) methodology, devised by the Centres for Medicare & Medicaid Services 
and is reflective of case mix and resource utilization21-23, 30. Ethnicity was either self-
determined or designated by a patient representative/healthcare proxy. We utilized 
validated International Classification of Diseases, Ninth Revision (ICD-9) coding 
algorithms to derive the Deyo-Charlson index comorbidity score to assess the burden of 
chronic illness for each patients31-33. We used the Healthcare Cost and Utilization Project 
Clinical Classification Software (CCS) multi diagnosis categories to determine diabetes, 
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hypertension, congestive heart failure, chronic obstructive pulmonary disease, cirrhosis, 
and metastatic malignancy34. For the Deyo-Charlson index and the CCS data, chronic 
diagnoses were determined by ICD-9 codes assigned as outpatients or inpatients. 
Patients considered Emergent were admitted to the hospital via the emergency room 
while non-Emergent patients were admitted to the hospital following referral from 
an outpatient clinic or another facility. CPT code assignment was determined from 
dated daily clinician billing and defined according to the CPT code set maintained and 
published yearly by the American Medical Association35-38. A total of 162 vascular surgery 
related CPT codes were combined into Vascular Surgery Procedure Code Categories 
(Supplemental Data File).

End points
The primary end point was 90-day all-cause mortality following hospital admission. 
Information on mortality was obtained through the Social Security Administration 
Death Master File which has previously been validated in our dataset for in-hospital and 
out-of-hospital mortality21. Death Master File data indicated that one hundred percent 
of the parent and analytic cohorts had vital status (alive or deceased) determined at 
365 days following hospital discharge. The censoring date was December 31, 2013, and 
100% of the parent and analytic cohorts had at least 90-day mortality follow-up after 
hospital discharge.

Secondary outcomes were unplanned 30-day hospital readmission to the BWH or MGH, 
discharge to a care facility and 365-day mortality. Thirty-day hospital readmission was 
determined from RPDR hospital admission data as previously described39 and defined 
as a subsequent or unscheduled admission to BWH or MGH within 30 days of discharge 
following the hospitalization associated with the vascular surgery or intervention23, 40, 

41. We excluded 73 readmissions with DRG codes that are commonly associated with 
planned readmissions in addition to DRGs for transplantation, procedures related to 
pregnancy, and psychiatric issues39, 40.

Power calculations and statistical analysis
Based on prior studies5, 42-44, we assumed that 90-day post-discharge hospital mortality 
would increase a relative 50% in patients with malnutrition (7.5%) compared to those 
without malnutrition (5%). With an alpha error level of 5% and a power of 80%, the 
minimum sample size thus required for our primary end point is 4,096 total patients.

Categorical covariates were described by frequency distribution and compared across 
nutrition status groups using contingency tables and chi-square testing. Continuous 
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covariates were examined graphically and in terms of summary statistics and compared 
across nutrition status groups using one-way analysis of variance (ANOVA). Unadjusted 
associations between nutrition status groups and outcomes were estimated by bivariable 
logistic regression analysis. Adjusted odds ratios45 were estimated by multivariable 
logistic regression models with inclusion of covariate terms thought to plausibly 
interact with both nutrition status and mortality. Overall model fit was assessed using 
the Hosmer-Lemeshow (HL) test. The performance of the model was assessed by the 
area under the receiver operating curve. Analyses based on fully adjusted models were 
performed to evaluate the malnutrition-mortality association, and P-interaction was 
determined to explore for any evidence of effect modification. All P values presented 
are 2-tailed; values below .05 were considered nominally significant. All analyses were 
performed using STATA 14.2MP (StataCorp LP, College Station, TX).

RESULTS

In Table 1 the characteristics of the 4432 patient analytic cohort were stratified 
according to 90-day post-discharge mortality. Most patients were men (52%), white 
(82%) with a mean (SD) age of 61.7 (16.7) years. The 90, 180 and 365-day post-discharge 
mortality rates were 3.6%, 5.9% and 9.1%, respectively. After hospitalization, 62.8% 
were discharged home. The 30-day hospital readmission rate was 11.5%. The median 
[IQR] in-hospital length of stay was 5 [1, 11] days. Factors that were associated with 
increased 90-day post-discharge mortality included higher age, medical DRG type, 
higher Deyo-Charlson index, diabetes, congestive heart failure, chronic obstructive 
pulmonary disease, cirrhosis, metastatic malignancy, chronic kidney disease, nutritional 
status, increased length of stay in hospital, discharge to facility and 30-day hospital 
readmission (Table 1). Vascular Surgery Procedure Code Categories associated with 
increased 90-day post-discharge mortality were embolectomy or thrombectomy, graft 
excision, major amputation, and blood vessel repair (Supplemental Table 1).



188

Chapter 10

TABLE 1. Characteristics and Unadjusted Association of Potential Prognostic Determinants of 90-Day 
Post Discharge Mortalitya  (n=4,432)

Characteristic Alivea Expired Total P-value

OR of 90-day 
post-discharge 

mortality (95%CI)

N 4271 161 4432

Age-Mean ± SD 61.2 ± 16.6 72.9 ± 14.9 61.7 ± 16.7 <0.001† 1.06 (1.04, 1.07)

Female Sex-No.(%) 2043 (48) 70 (43) 2113 (48) 0.28 0.84 (0.61, 1.15)

Ethnicity 0.59

  White-No.(%) 3498 (82) 132 (82) 3630 (82) 1.00 (Referent)

  Asian-No.(%) 73 (2) 1 (1) 74 (2) 0.36 (0.05, 2.63)

  Black-No.(%) 255 (6) 10 (6) 265 (6) 1.04 (0.54, 2.00)

  Hispanic-No.(%) 122 (3) 2 (1) 124 (3) 0.43 (0.11, 1.78)

  Not Recorded-No.(%) 247 (6) 11 (7) 258 (6) 1.18 (0.63, 2.21)

  Other-No.(%) 71 (2) 5 (3) 76 (2) 1.74 (0.69, 4.38)

Non-White  Ethnicity-No.(%) 773 (18) 29 (18) 802 (18) 0.98 0.99 (0.66, 1.50)

Medical DRG Type-No.(%) 702 (16) 48 (30) 750 (17) <0.001 2.16 (1.53, 3.06)

Deyo-Charlson Index-Mean ± SD 2.7 ± 2.4 4.8 ± 2.8 2.8 ± 2.5 <0.001† 1.28 (1.22, 1.34)

Diabetes-No.(%) 929 (22) 49 (30) 978 (22) 0.009 1.57 (1.12, 2.22)

Hypertension-No.(%) 1832 (43) 73 (45) 1905 (43) 0.54 1.10 (0.81, 1.52)

Congestive Heart Failure-No.(%) 653 (15) 62 (39) 715 (16) <0.001 3.47 (2.50, 4.82)

Chronic Obstructive Pulmonary 

Disease-No.(%)

243 (6) 22 (14) 265 (6) <0.001 2.62 (1.64, 4.19)

Cirrhosis-No.(%) 24 (1) 7 (4) 31 (1) <0.001 8.04 (3.41, 18.95)

Metastatic Malignancy-No.(%) 48 (1) 5 (3) 53 (1) 0.023 0.82 (1.11, 7.18)

Chronic Kidney Disease-No.(%) 248 (6) 21 (13) 269 (6) <0.001 2.43 (1.51, 3.92)

Endovascular-No.(%) 2013 (47) 85 (53) 2098 (47) 0.16 1.26 (0.92, 1.72)

Emergent Hospital Admission-No.(%) 858 (20) 41 (25) 899 (20) 0.096 1.36 (0.95, 1.95)

Nutrition Status <0.001

   No malnutrition-No.(%) 3704 (87) 115 (71) 3819 (86) 1.00 (Referent)

   At risk for malnutrition-No.(%) 206 (5) 9 (6) 215 (5) 1.41 (0.70, 2.81)

   Non-specific malnutrition-No.(%) 324 (8) 27 (17) 351 (8) 2.68 (1.74, 4.14)

   Protein-energy malnutrition-No.(%) 37 (1) 10 (6) 47 (1) 8.71 (4.23, 17.93)

Length of Stay days-Median [IQR] 5 [1, 11] 12 [6, 22] 5 [1, 11] <0.001‡ 1.02 (1.01, 1.02)

Discharge to Home-No.(%) 2738 (64) 47 (29) 2785 (63) <0.001 0.23 (0.16, 0.33)

30-day Readmission-No.(%) 463 (11) 47 (29) 510 (12) <0.001 3.39 (2.38, 4.83)

Data presented as No. (%) unless otherwise indicated.  P determined by chi-square except for † determined by 
ANOVA or ‡ determined by Kruskal-Wallis test.
a Expired within 90-days following hospital discharge
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TABLE 2. Characteristics of the study cohort stratified by Nutritional Status (n=4,432)

Characteristic
No 

malnutrition
At risk for 

malnutrition
Non-specific 
malnutrition

Protein-
energy 

malnutrition P-value

N 3,819 215 351 47

Age-Mean ± SD 62 ± 16.5 58.9 ± 17.2 59.3 ± 17.8 64.4 ± 17.7 0.001†

Female Sex-No.(%) 1821 (48) 110 (51) 161 (46) 21 (45) 0.64

Ethnicity 0.010

White-No.(%) 3144 (82) 159 (74) 289 (82) 38 (81)

Asian-No.(%) 61 (2) 5 (2) 6 (2) 2 (4)

Black-No.(%) 221 (6) 19 (9) 23 (7) 2 (4)

Hispanic-No.(%) 93 (2) 15 (7) 15 (4) 1 (2)

Not Recorded-No.(%) 227 (6) 15 (7) 13 (4) 3 (6)

Other-No.(%) 73 (2) 2 (1) 5 (2) 1 (2)

Non-White Ethnicity-No.(%) 675 (18) 56 (26) 62 (18) 9 (19) 0.021

Medical DRG Type-No.(%) 226 (6) 17 (8) 14 (4) 8 (17) <0.001

Deyo-Charlson Index-Mean ± SD 2.6 ± 2.4 4.0 ± 2.7 3.7 ± 2.8 5.1 ± 3.3 <0.001†

Diabetes-No.(%) 844 (22) 46 (21) 78 (22) 10 (21) 0.99

Hypertension-No.(%) 1669 (44) 78 (36) 136 (39) 22 (47) 0.055

Congestive Heart Failure-No.(%) 551 (14) 52 (24) 99 (28) 13 (28) <0.001

Chronic Obstructive 

Pulmonary Disease-No.(%)

226 (6) 17 (8) 14 (4) 8 (17) 0.003

Cirrhosis-No.(%) 21 (1) 4 (2) 6 (2) 0 (0)

Metastatic Malignancy-No.(%) 40 (1) 4 (2) 7 (2) 2 (4) 0.068 

Chronic Kidney Disease-No.(%) 201 (5) 18 (8) 37 (11) 13 (28) <0.001

Endovascular-No.(%) 1806 (47) 115 (53) 157 (45) 20 (43) 0.20

Emergent Hospital 

Admission-No.(%)

690 (18) 74 (34) 124 (35) 11 (23)  <0.001

Length of Stay days-

Median [IQR]

4 [1, 8]  17 [11, 23] 19 [14, 28] 17 [10, 27] <0.001‡

Discharge to Home-No.(%) 1722 (45) 20 (9) 21 (6) 4 (9) <0.001

30-day Readmission-No.(%) 394 (10) 38 (18) 67 (19) 11 (23) <0.001

Data presented as No. (%) unless otherwise indicated.  P determined by chi-square except for † determined by 
ANOVA or ‡ determined by Kruskal-Wallis test.

Patient characteristics were stratified according to nutritional status categories (Table 2). 
Significant differences were observed in patient age, ethnicity, DRG type, Deyo-Charlson 
index, congestive heart failure, chronic obstructive pulmonary disease, chronic kidney 
disease, emergent hospitalization, hospital length of stay, and 30-day readmission 
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with respect to nutrition status categories. Details on Vascular Surgery Procedure Code 
Categories relative to nutrition status categories are presented in Supplemental Table 
2.In the analytic cohort (N=4432) comprising survivors of hospitalization, nutrition 
status was a significant predictor mortality 90 days following hospital discharge (Figure 
1, Table 3). Nutritional status remained a significant predictor of 90-day post-discharge 
mortality after adjustment for age, sex, ethnicity, Deyo-Charlson Index, DRG type, 
length of stay and vascular procedure code category (Table 3, Model 3). The adjusted 
odds of 90-day post-discharge mortality in patients with nonspecific malnutrition or 
protein-energy malnutrition were 2.0-fold and 3.6-fold higher, respectively, relative to 
patients without malnutrition. The adjusted 90-day post-discharge mortality model 
showed good calibration (Hosmer-Lemeshow χ2 8.4, P = 0.40) and good discrimination 
for 90-day post-discharge mortality (c-statistic = 0.83, 95% CI, 0.80-0.87).

FIGURE 1 Time-to-event curves for mortality. Unadjusted mortality rates were calculated with Kaplan-
Meier methods and compared with the log-rank test. Categorization of nutrition groups is per the primary 
analysis. The global comparison log rank P value is <0.001, indicating significantly different survival patterns.
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TABLE 3. Unadjusted and Adjusted associations between Nutrition Status and 90-day Post-Discharge 
mortality (n=4,432)

Nutrition Status

No 
malnutritiona

At risk for 
malnutrition

Non-specific 
malnutrition

Protein-energy 
malnutrition

90-day Post-Discharge Mortality

Crude 1.00 (Referent) 1.41 (0.70, 2.81)
P=0.334

2.68 (1.74, 4.14)
P<0.001

8.71 (4.23, 17.93)
P<0.001

Adjustedb 1.00 (Referent) 1.01 (0.49, 2.08)
P=0.970

1.95 (1.22, 3.11)
P=0.005

4.42 (2.01, 9.76)
P<0.001

Adjustedc 1.00 (Referent) 0.98 (0.47, 2.05)
P=0.97

1.96 (1.21, 3.17)
P=0.006

3.58 (1.59 , 8.06)
P=0.002

Adjustedd 1.00 (Referent) 0.94 (0.45, 1.99)
P=0.88

2.04 (1.26, 3.30)
P=0.004

4.36 (1.91, 9.93)
P<0.001

Note:
a Referent in each case is absence of malnutrition
b Model 1: Estimates adjusted for age, sex, ethnicity, Deyo-Charlson index, DRG type, and length of stay
c Model 2: Estimates adjusted for age, sex, ethnicity, Deyo-Charlson index, DRG type, length of stay and vascular 
procedure code category
d Model 3: Estimates adjusted for age, sex, ethnicity, DRG type, length of stay, vascular procedure code category, 
diabetes, hypertension, congestive heart failure, chronic obstructive pulmonary disease, cirrhosis, metastatic 
malignancy, and chronic kidney disease

Next, the association of malnutrition status and mortality following hospital discharge 
was analysed separately for men and women. Nonspecific malnutrition and specific 
protein-calorie malnutrition groups were combined due to low power. The 90-day 
post-discharge mortality rates were 3.3% in women and 3.9% in men. The adjusted 
associations of 90-day post-discharge mortality in patients with nonspecific malnutrition 
or protein-energy malnutrition had similar directionality, effects sizes and significance 
in both men and women (Table 4). There is no significant effect modification of the 
nutrition status-mortality association on the basis of sex (interaction p=0.30).

Finally, we analysed the association of malnutrition status with other outcomes following 
hospital discharge. Univariate data show that malnourished patients were significantly 
less likely to be discharged to home and more likely to be readmitted to hospital (Table 
2 & Table 5). Such significant associations were also present following multivariable 
adjustment, patients with malnutrition have a 52% lower odds of being discharged to 
home and a 50% higher odds of 30-day hospital readmission (Table 5).
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TABLE 4. Unadjusted and Adjusted associations between Nutrition Status and 90-day Post-Discharge 
mortality relative to sex

Nutrition Status

No 
malnutritiona

At risk for 
malnutrition

Non-specific or Protein-
energy malnutrition

Women (n=2113)

90-day Post-Discharge Mortality

Crude 1.00 (Referent) 1.69 (0.66, 4.32) P=0.28 3.18 (1.75, 5.79) P<0.001

Adjustedb 1.00 (Referent) 1.40 (0.49, 4.01) P=0.53 2.14 (1.08, 4.25) P=0.029

Men (n=2319)

90-day Post-Discharge Mortality

Crude 1.00 (Referent) 1.18 (0.42, 3.30) P=0.31 3.37 (2.03, 5.59) P<0.001

Adjustedb 1.00 (Referent) 0.77 (0.26, 2.27) P=0.63 2.36 (1.31, 4.26) P=0.004

Note:
a Referent in each case is absence of malnutrition
b Model 4: Estimates adjusted for age, ethnicity, Deyo-Charlson index, DRG type, length of stay and vascular 
procedure code category

TABLE 5. Unadjusted and Adjusted associations between Nutrition Status and Post-Discharge 
outcomes (n=4,432)

Nutrition Status

No malnutritiona At risk for malnutrition
Non-specific or Protein-

energy malnutrition

Discharge to Home

Crude 1.00 (Referent) 0.22 (0.16, 0.29) P<0.001 0.17 (0.14, 0.22) P<0.001

Adjustedb 1.00 (Referent) 0.47 (0.33, 0.66) P<0.001 0.48 (0.36, 0.63) P<0.001

30-day Hospital Readmission

Crude 1.00 (Referent) 1.87 (1.29, 2.69) P=0.001 2.12 (1.62, 2.77) P<0.001

Adjustedc 1.00 (Referent) 1.44 (0.98, 2.11) P=0.063 1.65 (1.24, 2.21) P=0.001

Note:
a Referent in each case is absence of malnutrition
b Model 5: Estimates adjusted for age, sex, ethnicity, Deyo-Charlson index, DRG type, length of stay and vascular 
procedure code category
c Model 6: Estimates adjusted for age, sex, ethnicity, Deyo-Charlson index, DRG type, length of stay and vascular 
procedure code category
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DISCUSSION

Malnutrition in hospitalized patients is a robust risk factor for adverse outcomes46. In 
our study we evaluated the association between malnutrition and major post-discharge 
outcomes in vascular surgery patients. We demonstrate that malnutrition in vascular 
surgery patients was strongly associated with out-of-hospital mortality. In addition to 
this, vascular surgery patients with malnutrition had a significantly less likelihood of 
being discharged to home compared to those without malnutrition. These findings 
confirm the intuitive reasoning that malnutrition contributes to adverse events in 
vascular surgery patients even after hospital discharge.

The ACC-AHA Guidelines for the Management of Patients with peripheral artery 
disease (PAD) recommend that patients should be treated with an interdisciplinary care 
team including a dietitian and should be prescribed a heart-healthy diet like all other 
cardiovascular disease patients47. Although this seems logical as PAD belongs within 
the spectrum cardiovascular diseases, the guideline also identifies the existence of an 
evidence gap in the role of dietary intervention to improve outcomes in PAD patients 
which is especially apparent peri-operatively. Also, in the Global Vascular guidelines on 
the management of critical limb-threatening ischemia, malnutrition is only mentioned 
to have an influence on wound healing and it is mentioned that a nutritionist should 
be included in a multidisciplinary team to prevent amputations in diabetic patients48.

There is no specific evidence presented on nutritional diagnostics or interventions and 
consequently no recommendations are made in the ACC-AHA Guidelines. The current 
dietary evidence to prevent or treat vascular disease consists of retrospective and 
cross-sectional studies mainly with the outcome walking distance but lacks successful 
interventional clinical trials49-53. In the European guideline for abdominal aortic 
aneurysms it is recommended to measure serum albumin to assess the nutritional status 
of the patient54. This is based on research that identifies the association between pre-
operative hypoalbuminemia and 30-day post-operative outcomes18. However, clinicians 
must recognize that albumin is a poor indicator of nutritional status since it is a negative 
acute phase protein and a low level may be more indicative of inflammation rather than 
malnutrition55. It is also advised to correct for any nutritional deficiencies by referral 
to an RD although the efficacy of this intervention has not been demonstrated by a 
randomized clinical trial54. Future research should focus more on dietary intervention for 
patients with vascular disease as a secondary prevention intervention but also as a peri-
operative intervention to improve adverse outcomes and the effect of co-morbidities 
on malnutrition in vascular surgery patients.
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The knowledge of how nutrition might influence post-discharge outcomes after 
vascular surgery can help surgeons to improve risk stratification and personalize 
postoperative care. If patients are electively admitted, prior dietary optimization could 
lower perioperative risk. Understanding what the risk of death comprises following 
vascular surgery is vital in the decision-making process for surgeon, patient and their 
family56. Unfortunately, no peri-operative risk scores include nutritional status for risk 
stratification in vascular surgery patients due to lack of evidence57, 58. Our data show that 
malnutrition is clearly related to the severity of co-morbidities, i.e. the Deyo-Charlson 
index, and therefore was included as a confounder in the multivariable analysis of 
outcomes. Taken into account the severity of co-morbidities malnutrition does show to 
be a robust risk factor for adverse outcomes following hospital discharge. The inclusion 
of the nutritional status in the pre-operative decision making process can aid in the 
counselling of patients and their family by providing information on prognostic factors.

Nutritional status is a potentially modifiable risk factor. In the postoperative setting, 
nutritional status optimization may help vascular surgery patients who are more likely 
to develop adverse events. This is collaborated by our findings that patients with 
malnutrition had a lower chance of discharge to home as well as higher mortality 
risk. These patients may benefit from an intensified follow-up in the care facility or in 
their own home. For example, in cardiac surgery patients who are discharged from the 
hospital, frequent home visits by a hospital nurse practitioner in the post-discharge 
period improved readmission and mortality rates9, 59. These kind of interventions aimed 
to improve post-discharge care could potentially improve outcomes for vascular surgery 
patients as well.

Potential limitations of this study include ascertainment bias as only vascular surgery 
patients deemed at nutritional risk were fully evaluated by an RD. This can limit the 
generalizability of the study findings. Despite multivariable adjustment, residual 
confounding is likely to be present. By determining covariates on the basis of ICD-9 codes 
it is likely that comorbidities are underestimated60. Though MGH and BWH contain 55% 
of hospital beds in Boston, we are not able to determine all readmissions to all hospitals 
for each patient. Lastly, although the BWH inpatient nutrition status evaluations 
have been shown to be predictive of outcomes, they are based on the malnutrition 
definitions guidelines that were recommended at the time of data collection and not 
perfectly aligned with the newest guidelines5, 45.

The study has several strengths. The cohort contains a large number of vascular surgery 
patients which results in ample statistical power to detect a clinically relevant difference 
in 90-day post-discharge mortality if one exists. Linkage to the SSA Master Death file 
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allows for out of hospital follow-up with high accuracy which was previously validated 
in our dataset21. The RPDR data sources have been validated for CPT code assignment21, 
ICD-9 diagnosis61, 62, and demographics61. Finally, all patients were screened for nutrition 
risk. Those at risk were assessed in-person for malnutrition risk by a highly trained 
nutrition professional rather than relying on self-reported malnutrition assessment 
surveys.

CONCLUSIONS AND IMPLICATIONS

These data demonstrate that in vascular surgery patients, malnutrition is associated 
with increased post-discharge mortality. Further, those with malnutrition are more 
likely not to be discharged to home and to be readmitted to the hospital within 30 days. 
As malnutrition is a potentially modifiable risk factor, improvement of nutritional status 
may be a target for intervention in the already vulnerable vascular surgery patient 
population.
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Treating vascular disease and understanding its anatomy and pathophysiology has 
come a long way since the discovery of the vascular system by Leonardo da Vinci (1452-
1519) and later more detailed described by William Harvey (1578-1657)1, 2. Nowadays, 
extensive knowledge of diagnostics, complex treatments, and prevention of vascular 
disease is available. In the current era a need towards personalized healthcare fuelled 
the need for assessing risk factors to predict the probability of adverse outcomes to 
occur3. The identification of risk factors and use of risk models can support the physician 
and patient to develop the most appropriate treatment for that specific patient. This 
thesis focused on assessing risk factors for adverse outcomes after aortic surgery and 
vascular surgery in general.

Randomized trials conducted to show whether there exists a mortality advantage after 
endovascular treatment compared to open surgery for ruptured infrarenal aneurysms 
all showed no difference4-7. In contrast to this, they did show beneficial secondary 
outcomes after endovascular treatment such as mean hospital stay, mean blood 
loss and less severe complications. In contrast to the randomized trials, retrospective 
studies are mostly more favourable towards endovascular treatment. This was also 
seen in our cohort shown in chapter 2 with a twofold lower early mortality after 
endovascular aneurysm repair (EVAR) compared to open surgery. For retrospective 
studies the difference in mortality could be explained by selection bias as symptomatic 
non-ruptured aneurysms could have been included in the analysis of the ruptured 
abdominal aortic aneurysm (AAA) studies as they are both marked as acute medical 
issues. To avoid such a bias, we reviewed all patients records and only included patients 
with a true rupture. After endovascular as well as after open surgery, a low haemoglobin 
level was associated with early adverse events. Presence of shock and age above 75 
years were independent risk factors for mortality only after open surgery. Probably the 
less invasive nature of EVAR explains this difference and it might also be explained by 
maintaining a higher peripheral resistance as acute EVAR is carried out without general 
anaesthesia in most cases. The beneficial outcomes after EVAR in this study support 
the shift towards preferential endovascular treatment. It also introduces risk factors for 
mortality depending on the chosen treatment.

Risk prediction models can be made by combining multiple risk factors. With the proper 
internal and external validation, a risk prediction model can be a reliable and valuable 
tool for daily practise. They can be very helpful in identifying the risk of illness or the 
risk of specific outcomes after treatment. In chapter 3 we described a new prediction 
model identifying the risk of early mortality after treatment of a ruptured AAA; the 
Dutch Aneurysm Score (DAS). The DAS includes age, lowest systolic blood pressure, 
cardiopulmonary resuscitation and haemoglobin level, which are all easily obtained 
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before treatment. Besides the better discriminative performance compared to the 
existing models, the DAS was developed and validated in a cohort with a relatively high 
amount of endovascular treated patients, conducted according the latest guidelines for 
development of a prediction model. Moreover, the model is able to predict risk above 
80%3, 8. Not only high risk patients can be identified by the DAS, also low risk patients 
can be identified. Identifying low risk patients could ultimately lower turndown rates. As 
the consequence of withholding lifesaving treatment is severe, a good prediction can 
assist the clinician to make a more informed decision in the dialogue with the patient 
and their family pre-operatively.

The DAS is not the only prediction model ever developed for mortality after treatment 
of a ruptured or elective AAA. In fact, six different prediction models for ruptured 
aneurysms have been published and seven for elective aneurysms. In chapter 4, an 
overview of all these prediction models is given, including their development, their 
usefulness, and the issue on how to report prediction models is discussed. Prediction 
models aim to estimate the risk of the presence of disease or an event in the future3. 
To easily assess the quality of a prediction model, an uniform method of reporting 
is recommended; the Transparent Reporting of a Prediction model for Individual 
Prognosis or Diagnosis (TRIPOD)9. For the authors it gives a practical checklist for all 
elements that need to be included in the report. For readers it gives guidance in finding 
these elements to be able to value the quality of the model. For elective aneurysm 
repair, the British Aneurysm Repair (BAR) score was the most promising10. This score was 
developed in a large dataset including both open and endovascular treated patients 
and showing the best discrimination, and thus was able to identify high and low risk 
patients reliably. The BAR score was developed for 30-day mortality and also long-term 
mortality, which allows the clinician and patient to look at the chances of survival in the 
longer term and subsequently base the treatment decision on this as well. The Cleveland 
score turned out to be a reasonably reliable prediction model for endovascular treated 
patients predicting the 5-year mortality, but this derived from a relatively small dataset. 
For ruptured aneurysm repair, only the Artificial Neural Network (ANN-4) score and the 
DAS included endovascular treated patients11. The ANN-4 was derived from a very small 
dataset but showed a well performing prediction model as it was developed with a new 
program that can be taught to model a dataset by imputation of select patient data. 
The DAS was derived in a large dataset, externally validated in two other large datasets 
and showed good discrimination. To use and truly value the published prediction 
models clinicians should preferably validate them in the datasets of their own hospital. 
Future research is challenged by developing perfect performing prediction models 
so definitive decisions can be made. Until then, shared decision making between the 
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physician and patient with their family combined with the knowledge of the current 
prediction models gives a patient tailored approach to the treatment of patients with 
an abdominal aortic aneurysm.

The decision of treatment tends to be even more challenging in high complex aneurysms, 
for example in juxtarenal AAAs. This type of abdominal aneurysm, extending up to the 
renal arteries, can also be treated both with open surgery as with complex endovascular 
repair. In chapter 5, data on real life daily practice in the Netherlands is shown on 
treating juxtarenal AAAs. After open surgery, the odds for major complications and 
early mortality were both over 3.5-fold higher compared to patients who were treated 
with complex endovascular repair. The odds for minor complications were 2-fold 
higher for open treated patients compared to endovascular treated patients. These 
results differ from two high-quality meta-analyses, showing no difference between 
open and endovascular treated patients in mortality but did show less complications 
after endovascular treatment12, 13. A short neck distal to the renal arteries is a known 
risk factor for early mortality when treating infrarenal AAA after open surgery although 
treating these patients with a standard EVAR would not be possible6, 14. To treat a 
patient with open surgery, generally a broader range of anatomical variations can be 
excepted compared to endovascular repair. This could have introduced selection bias 
by indication in this study and could have contributed to a relative higher mortality 
in the open treatment group. As the treatment of choice was at the discretion of the 
surgeon in this registry, it might be that an open treated patient could have been treated 
endovascular if the patient was treated in a different hospital or by a different surgeon. 
As this choice of treatment is multifactorial, the most appropriate method to correct 
by default for this selection bias would be to conduct a randomized trial15. Identifying 
risk factors and developing a prediction model exclusively for juxtarenal AAAs treated 
open or endovascular, would be a valuable addition in the decision making process of 
treatment options.

Not only the impact of AAA surgery itself is a risk factor for mortality but also 
postoperative major complications can lead to mortality. Colonic ischaemia is one of 
the most severe complications after AAA repair and is also challenging to diagnose due 
to limited diagnostic tests with adequate accuracy. Endoscopy is an often used test to 
diagnose colonic ischaemia and therefore we analysed all the existing evidence on this 
topic and performed a meta-analysis, described in chapter 6. This shows endoscopy 
to be a valuable test in ruling out colonic ischaemia, especially for ruptured AAAs 
where incidence of colonic ischaemia is highest, but not in identifying the presence 
of it. With endoscopy the difference between superficial ischaemic lesions and the 
clinically important transmural colonic ischaemia is hard to make. It is important to 
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realise for clinicians that a positive endoscopy for colonic ischaemia not always needs 
to be followed by an immediate laparotomy. No studies reported adverse events from 
the endoscopy making it a safe diagnostic test to rule out colonic ischaemia. Potential 
risk factors for developing colonic ischaemia are identified in literature such as age, 
hypotension, ligation of the hypogastric artery, emergency repair and open repair, but 
no prediction model had been described. Co-morbidities as well as these risk factors 
should be taking into account whether an immediate laparotomy is necessary for the 
patient.

As stated in the general introduction, multiple risk factors for dilatating vascular 
disease overlap with stenotic/occluding vascular disease. In the second part of this 
thesis, risk factors for vascular surgery diseases in general are discussed. In chapter 
7, the significant association between an elevated red cell distribution width (RDW) 
at hospital discharge and the 90-day mortality is shown. Also, the RDW at discharge 
was associated with discharge to a care facility and 90-day unplanned hospital 
readmission for critically ill vascular surgery patients. This suggests that RDW, which is 
a biomarker for systemic and chronic inflammation altering the hemopoiesis, is able to 
identify patients at risk for adverse events16-19. RDW is a low-cost and widely available 
laboratory test, measured within a complete blood count. Post-discharge outcomes are 
increasingly used for multiple adverse events in studies concerning vascular surgery 
patients20-23. This could assist clinicians in thinking beyond hospital discharge and 
ultimately in development of tailor-made rehabilitation or follow-up programs that can 
reduce adverse events. In addition to this, the RDW can give prognostic information 
for patient-provider discussions regarding goals and palliative services in the post-
discharge setting. Eosinopenia is another biomarker of inflammation that has the same 
potential as RDW, although this marker is altered very early during acute inflammation 
rather than being a marker for chronic inflammation like RDW. For critically ill vascular 
surgery patients, eosinopenia may be a valuable biomarker for the intensity of acute 
inflammation as these patients already have a higher baseline systemic inflammatory 
burden24, 25. The results discussed in chapter 8 show eosinopenia at ICU admission is 
significantly associated with 90-day post-discharge mortality and discharge to a care 
facility. Eosinopenia is also a low cost and facile interpretable biomarker and is generally 
routinely measured. Together with RDW, eosinopenia could enhance the development 
of prediction models for out-of-hospital outcomes in vascular surgery patients.

Next to laboratory values, human behaviour and abilities can also cause additional risk 
for adverse events. In chapter 9, we studied the association between functional status at 
hospital discharge and the 90-day out-of-hospital mortality in vascular surgery patients. 
The results show a strong association between decreased functional status and mortality 
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as well as the chance of readmission within 30 days. In previous research, prolonged 
immobility has a major effect on loss of muscle mass and functional status, especially in 
the older population and critically ill26-28. Only for AAA patients, randomized trials have 
showed that pre-operative exercise can decrease post-operative complications and 
length of stay but no difference in early mortality was found29, 30. No trials exists that 
show results on post-operative rehabilitation and adverse outcomes in vascular surgery 
patients. The European guidelines only recommend post-operative rehabilitation for 
patients with a major amputation15, 31. With our study we showed there is an association 
between functional status and adverse events in the post-operative setting. Identifying 
these high risk patients allows for a closer follow up and physical therapy intervention 
in an attempt to modify risk factors. The value of these potential valuable post-operative 
interventions needs to be shown in a randomized controlled setting.

Besides the functional status, the nutritional status of a patient is very important for 
a quick and successful recovery with malnutrition being highly associated with major 
adverse events in surgery patients32-35. To improve risk stratification and to personalize 
postoperative care the knowledge of how nutrition adds to the risk of adverse events 
might be valuable. In chapter 10, we showed malnutrition to be a strong indicator 
for higher risk of out-of-hospital mortality and discharge to a care facility. The current 
guidelines for AAA treatment and critical limb-threatening ischaemia mention 
malnutrition to influence wound healing and recommend referral to a dietician when 
pre-operative hypoalbuminemia exists for AAA patients15, 31. As of yet, no prospective 
randomized trial has shown any effect of such an intervention in the pre- or post-
operative setting. As we do know malnutrition is highly associated with adverse events 
especially in elderly patients and also in the critically ill, together with the results of 
our study conducting a randomized trial would be feasible and contributes to the peri-
operative risk stratification.

Multiple risk scores and risk factors have been studied and published in vascular 
surgery. The results in validation and calibration of the risk models differ greatly as well 
as the included variables but several risk models show sufficient accuracy to calculate 
mortality after treatment of ruptured or elective AAA. Risk models can be helpful for the 
clinician to use in preoperative counselling of the patient and their family. Not only can 
risk scores identify patients that would not benefit from surgery, it can also potentially 
identify patients who indeed would benefit and therefore lower turndown rates. In 
current practice few risk scores are used in daily practice due to the time investment. 
Smarter involvement of electronic patient files to implement these risk factors will 
actually make it practical and feasible to use it in daily practice. 



208

Chapter 11

In conclusion, identification of solid risk factors for adverse events after vascular surgery 
can aid in further risk stratification. This can be done prior to the operation but also 
prior to discharge as recovery and rehabilitation are not finished for a patient when 
leaving the hospital. Further risk stratification can aid in the decision making process 
whether or not to perform surgery, by counselling patients and their family providing 
information on prognostic and diagnostic factors. Combining strong risk factors into 
a risk model with good discrimination might give the most reliable and discriminative 
information for the clinician and patient. Further validation of risk factors and models 
should be performed to value the generalizability for different hospitals and countries. 
In case of modifiable risk factors, such as functional and nutritional status, based on 
the evidence we have shown randomized studies can be justified and could provide 
evidence to improve on in-hospital as well as out-of-hospital adverse events. This can 
ultimately lead to the development and implementation of more evidence based and 
tailor-made treatment plans for vascular surgery patients in the pre- and postoperative 
setting.
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De huidige behandeling van vaat gerelateerde (vasculaire) aandoeningen en de kennis 
van de anatomie van het vaatstelsel is een wereld van verschil met toen Leonardo da 
Vinci (1452-1519) het vaatstelsel voor het eerst beschreef en later nog meer in detail is 
beschreven door William Harvey (1578-1657)1, 2.  Tegenwoordig is uitgebreide kennis 
van diagnostiek, complexe behandeling en preventie van vasculaire aandoeningen 
ruimschoots beschikbaar. De vraag naar behandeling op maat van de individuele patiënt 
is toegenomen en daarmee ook de vraag naar het identificeren van risicofactoren 
op nadelige uitkomsten na behandeling3. Het identificeren van risicofactoren en het 
ontwikkelen van predictiemodellen kan helpen bij het ontwikkelen van een optimaal 
individueel behandelplan door de behandelaar en de patiënt. Dit proefschrift is gericht 
op het analyseren van risicofactoren voor nadelige uitkomsten na aorta-chirurgie en 
vaatchirurgie in het algemeen.

Gerandomiseerde studies naar de verschillen in mortaliteit (sterfte) na open of 
endovasculaire aorta behandeling van geruptureerde abdominale aorta aneurysma’s 
(rAAA; gescheurde verwijding van de buikslagader) onder de nierslagaders (infrarenaal) 
laten vooralsnog geen verschillen zien4-7. Alleen voor de secundaire uitkomstmaatstaven 
zoals duur van de opname, gemiddeld bloedverlies en aantal ernstige complicaties is er 
wel een duidelijk verschil in het voordeel van endovasculaire behandeling (behandeling 
met een aorta stent via toegang in beide liezen, EVAR). In tegenstelling tot de verrichtte 
trials, laten retrospectieve onderzoeken over het algemeen betere resultaten zien van 
endovasculaire behandelingen. Dit laten de resultaten in hoofdstuk 2 ook zien, waar 
een tweevoudige verlaging van de mortaliteit na EVAR wordt beschreven. Het verschil in 
mortaliteit in retrospectieve studies kan worden verklaard door selectie bias. Het kan zijn 
dat symptomatische niet-geruptureerde aneurysma patiënten toch geïncludeerd zijn in 
de geruptureerde aneurysma studies. Om in onze studie dit te voorkomen hebben we 
alle statussen bekeken van de patiënten om een daadwerkelijke ruptuur te bevestigen. 
Na zowel endovasculaire als open chirurgie, was een laag hemoglobinegehalte 
geassocieerd met mortaliteit op korte termijn. Ook de aanwezigheid van shock en een 
leeftijd boven de 75 jaar waren onafhankelijke risicofactoren voor mortaliteit, maar 
alleen na open chirurgie. Waarschijnlijk doordat EVAR minder invasief is kan dit verschil 
in risico op complicaties worden verklaard en omdat er hoge perifere weerstand in 
de vaten kan worden behouden bij het gebruik van lokale anesthesie bij EVAR. Het 
voordeel in uitkomsten na EVAR in deze studie ondersteunt de verschuiving van 
behandelingsvoorkeur naar endovasculaire behandeling van een rAAA en introduceert 
de identificatie van risicofactoren per behandelingsoptie in plaats van per diagnose.

Predictiemodellen kunnen worden gevormd door het combineren van meerdere 
risicofactoren. Met de juiste interne en externe validatie, kan een predictiemodel een 
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betrouwbaar en waardevol handvat zijn in de dagelijkse praktijk. Predictiemodellen 
kunnen erg behulpzaam zijn in het identificeren van het risico van een ziekte of van 
bepaalde (nadelige) uitkomsten. In hoofdstuk 3 wordt de ontwikkeling van een nieuw 
predictiemodel beschreven dat het risico op vroege mortaliteit na behandeling van een 
rAAA kan voorspellen; de Dutch Aneurysm Score (DAS). De DAS omvat de risicofactoren 
leeftijd, laagste systolische bloeddruk (bovendruk), reanimatie en hemoglobinegehalte. 
Dit zijn allen gemakkelijk te verkrijgen preoperatieve variabelen. Naast dat de DAS een 
betere discriminatie laat zien tegenover bestaande modellen, is de DAS ontwikkeld en 
gevalideerd in een cohort met relatief veel endovasculair behandelde patiënten, is de 
DAS ontwikkeld volgens de nieuwste richtlijnen, en kan het model risico's van boven 
de 80% aantonen3, 8. Niet alleen hoog-risico patiënten maar ook laag-risico patiënten 
konden met de DAS worden geïdentificeerd. Door laag-risico patiënten te identificeren 
zou het aantal patiënten die niet worden geopereerd voor hun geruptureerd aneurysma 
(turndown rate) verlaagd kunnen worden. Aangezien de consequentie van het niet 
verrichten van deze potentieel levensreddende behandeling cruciaal is, kan een goed 
predictiemodel een arts/chirurg ondersteunen in het gesprek met de patiënt en zijn/
haar familie om gezamenlijk de juiste behandeling te kiezen.

De DAS is niet het enige predictiemodel dat is ontwikkeld voor mortaliteit na 
behandeling van een rAAA of electieve (geplande) abdominaal aorta aneurysma (AAA). 
Er zijn reeds zes verschillende predictiemodellen voor rAAA’s en zeven voor electieve 
AAA’s gepubliceerd. In hoofdstuk 4, wordt een overzicht van alle gepubliceerde 
predictiemodellen gegeven inclusief de bruikbaarheid. Ook wordt beschreven hoe een 
predictiemodel ontwikkeld en gerapporteerd moet worden. Predictiemodellen hebben 
als doel het risico van de aanwezigheid van een ziekte te voorspellen of een bepaalde 
uitkomst van behandeling3. Om een predictiemodel gemakkelijk te kunnen beoordelen 
wordt een uniforme methode van rapporteren beschreven: Transparent Reporting 
of a Prediction model for Individual Prognosis or Diagnosis (TRIPOD)9. Voor auteurs 
is dit een handige checklist met alle elementen die in het artikel beschreven moeten 
staan. Lezers kunnen deze informatie dan gemakkelijk vinden en het predictiemodel 
daarmee op waarde schatten. Voor electieve aneurysma chirurgie was de British 
Aneurysm Repair (BAR) score het meest veelbelovend10. Deze score is ontwikkeld op 
basis van een grote dataset die open en endovasculair behandelde patiënten omvatte. 
De score rapporteert de beste discriminatie en kan daarom hoog- en laag-risico 
patiënten betrouwbaar identificeren. Voor rAAA behandeling, zijn de Artificial Neural 
Network (ANN-4) score en de DAS de enige predictiemodellen die ook endovasculair 
behandelde patiënten includeerden11. De ANN-4 is ontwikkeld uit een kleine database 
maar laat toch een goede discriminatie zien. Voor de ontwikkeling van deze score is 
een nieuw programma gebruikt die zelf data kan imputeren/invullen op basis van een 
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selectie van bestaande data. De DAS is ontwikkeld vanuit een grote dataset, extern 
gevalideerd in twee andere grote datasets, en laat een goede discriminatie zien. Om de 
gepubliceerde predictiemodellen op waarde te schatten voor artsen in de dagelijkse 
praktijk, moeten de predictiemodellen bij voorkeur eerst worden gevalideerd in 
de eigen kliniek. De uitdaging voor toekomstig onderzoek ligt voornamelijk in het 
ontwikkelen van methodes voor nog beter functionerende predictiemodellen. Tot 
dan zal gedeelde besluitvorming (shared decision making) tussen de behandelaar 
en patiënt, gecombineerd met uitkomsten van predictiemodellen, en een zo goed 
mogelijk behandelplan helpen.

De behandelkeuze voor hoog complexe aneurysmata is wellicht nog meer uitdagend, 
bijvoorbeeld bij juxtarenale (aneurysma van de aorta dat rijkt tot de nierslagaders) 
AAA’s. Dit type abdominale aneurysma kan zowel met open chirurgie als met complex 
endovasculaire correctie worden behandeld. In hoofdstuk 5, worden de data die 
representatief zijn voor de dagelijkse praktijk in Nederland voor de behandeling van 
juxtarenale aneurysmata gepresenteerd. Na behandeling met open chirurgie is de 
kans op ernstige complicaties en vroege mortaliteit beiden 3.5-voudig verhoogd 
ten opzichte van patiënten die endovasculair zijn behandeld. De kans op milde 
complicaties was 2-voudig verhoogd voor open behandelde patiënten ten opzichte 
van endovasculair behandelde patiënten. Deze resultaten verschillen met twee meta-
analyses die zijn gepubliceerd. Deze beschrijven beiden geen verschillen in mortaliteit 
tussen de twee behandelingen maar wel meer complicaties na open chirurgie12, 13. 
Een korte aortahals net onder (distaal) van de nier arteriën is een bekende risicofactor 
voor vroege mortaliteit bij het behandelen van infrarenale AAA's met open chirurgie. 
Een standaard EVAR zou echter überhaupt geen optie zijn voor deze patiënten6, 14. 
Een breder scala aan anatomische variaties kan worden geaccepteerd als een patiënt 
wordt behandeld met open chirurgie. Dit kan selectie bias op basis van indicatiestelling 
hebben geïntroduceerd in deze studie en kan een bijdrage hebben geleverd aan de 
hogere mortaliteit in de open behandelde groep. De keuze van de behandeling lag in 
deze studie bij de behandelaar. Daarom kan het zo zijn dat een patiënt die bij de ene 
chirurg of in een bepaald ziekenhuis open wordt behandeld bij een andere chirurg een 
endovasculaire behandeling zou hebben gekregen. Omdat de keuze welke behandeling 
te kiezen complex en multifactorieel is, is de meest geschikte onderzoeksmethode om 
te corrigeren voor deze selectie bias het verrichten van een gerandomiseerde trial15. Het 
identificeren van risicofactoren en het ontwikkelen van een predictiemodel specifiek 
voor juxtarenale aneurysmata zou een waardevolle toevoeging zijn in de besluitvorming 
over de te kiezen behandeling.



218

Chapter 12

Niet alleen de impact van de initiële AAA behandeling is een risicofactor voor 
mortaliteit, ook postoperatieve ernstige complicaties kunnen hiertoe leiden. Colon 
ischemie (afstervende dikke darm) is een van de meest ernstige complicaties na AAA 
behandeling en is lastig te diagnosticeren aangezien de nauwkeurigheid van de 
beschikbare testen beperkt is. Endoscopie is een vaak gebruikte test om colon ischemie 
te diagnosticeren in de klinische praktijk en daarom hebben we gekeken wat het 
beschikbare wetenschappelijke bewijs hiervoor is en hebben wij een meta-analyse 
verricht welke uiteen wordt gezet in hoofdstuk 6. Dit hoofdstuk laat zien dat endoscopie 
een waardevolle test is om de diagnose colon ischemie uit te sluiten, met name na de 
behandeling van een rAAA waarbij de kans op colon ischemie het hoogst is. Echter 
colonoscopie is bruikbaarder om de aanwezigheid aan te tonen. Het is namelijk zo dat 
er bij endoscopie moeilijk te differentiëren is tussen superficiële ischemische laesies 
(oppervlakkige afsterving van het slijmvlies) en de klinische relevante transmurale colon 
ischemie (afsterving van de gehele darmwand). Het is voor behandelaars belangrijk om 
zich te realiseren dat een positieve colonoscopie voor colon ischemie niet altijd hoeft 
te worden gevolgd door een urgente laparotomie (buikoperatie). Geen van de studies 
rapporteerde complicaties die door de colonoscopie werd veroorzaakt, wat dit een 
veilige test maakt om colon ischemie uit te. Potentiële risicofactoren om colon ischemie 
te ontwikkelen die in de literatuur worden beschreven zijn leeftijd, hypotensie (lage 
bloeddruk), ligatie (onderbinden) van de arteria hypogastrica, acute behandeling en 
open chirurgie. Vooralsnog is er geen predictiemodel beschreven. Co-morbiditeiten 
(onderliggend lijden) en genoemde risicofactoren zouden samen meegenomen 
moeten worden in de beslissing of een laparotomie op dat moment nodig is voor de 
patiënt in kwestie.

Zoals ook beschreven in de algemene introductie, hebben dilaterend (verwijdend) 
vaatlijden en stenoserend (vernauwend) vaatlijden meerder risicofactoren gemeen. 
In de het tweede deel van dit proefschrift worden risicofactoren in de vaatchirurgie in 
het algemeen beschreven. In hoofdstuk 7 wordt de significante associatie beschreven 
tussen een verhoogde ‘Red Cell Distribution Width’ (RDW; variatie in grootte van rode 
bloedcellen) bij ziekenhuisontslag en de 90-dagen mortaliteit. Het RDW bij ontslag is 
ook geassocieerd met een verhoogde kans op ontslag naar een verzorgingsinstelling 
en ongeplande heropname binnen 90 dagen bij vaatchirurgische patiënten die op 
de intensive care hebben gelegen. Deze sterke associatie suggereert dat met behulp 
van het RDW, wat een biomarker is voor systemische en chronische inflammatie/
ontsteking met effect op de hematopoëse (aanmaak van bloed), patiënten kunnen 
worden geïdentificeerd die een verhoogde kans hebben op complicaties16-19. RDW 
is een goedkope en laagdrempelig verkrijgbare bloedtest, welke meestal met het 
hemoglobine standaard wordt meebepaald. Uitkomsten na ontslag worden steeds 
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meer gebruikt in onderzoek bij vaatchirurgische patiënten20-23. Het gebruik hiervan 
kan behandelaars stimuleren om ook voor de situatie na opname op maat gemaakt 
revalidatie of follow-up programma’s te maken met als beoogd resultaat de kans op 
complicaties en mortaliteit te verminderen. Daarbij kan het RDW prognostische 
informatie geven wat een toevoeging oplevert in de discussie in de behandelkamer 
omtrent postoperatieve doelen en palliatieve wensen voor na ontslag. Eosinopenie 
(een laag gehalte eosinofielen, witte bloedcellen) is een andere inflammatie/ontsteking 
biomarker met hetzelfde potentieel als het RDW, al is eosinopenie alleen aanwezig in 
een erg vroege fase van de inflammatie in plaats van bij chronische inflammatie zoals 
bij het RDW. Voor vaatchirurgische intensive care patiënten kan eosinopenie een goede 
biomarker zijn voor de intensiteit van de acute ontsteking aangezien deze patiënten 
al een hoger basisniveau aan systemische inflammatie hebben24, 25. De resultaten 
die worden beschreven in hoofdstuk 8 laten zien dat eosinopenie bij opname op de 
intensive care significant geassocieerd is met de 90 dagen mortaliteit na ontslag en 
ook een verhoogde kans geeft op ontslag naar een zorginstelling. Ook eosinofielen 
zijn goedkoop te testen en is een ruim beschikbare test. Samen met een hoog RDW 
kan eosinopenie een waardevolle toevoeging leveren aan de ontwikkeling van een 
predictiemodel voor uitkomsten na ontslag bij vaatchirurgische patiënten.

Naast de verschillende bloedwaarden, kunnen levensgewoontes en het functioneren 
van patiënten een risicofactor vormen voor ongewenste uitkomsten na een 
behandeling. In hoofdstuk 9 laten we de associatie zien tussen het fysiek functioneren 
van een patiënt en de 90 dagen mortaliteit na ontslag bij vaatchirurgische patiënten. 
De resultaten laten een sterke associatie zien tussen een ernstig verminderde fysiek 
functioneren en mortaliteit evenals de kans op heropname binnen 30 dagen. In 
eerdere onderzoeken is aangetoond dat langdurige immobiliteit een zeer groot effect 
heeft op het verlies van spiermassa en het fysiek functioneren, vooral bij ouderen 
en ernstig zieken26-28. Gerandomiseerde trials hebben voor AAA patiënten kunnen 
aantonen dat preoperatieve training het aantal postoperatieve complicaties kan 
verlagen evenals de duur van de opname29, 30. Echter is er geen verschil voor wat betreft 
de mortaliteit waargenomen. Er zijn vooralsnog geen trials verricht naar het effect van 
pre- of postoperatieve training op uitkomsten na opname. In de Europese richtlijnen 
wordt alleen voor patiënten na een aanzienlijke amputatie een revalidatieprogramma 
geadviseerd15, 31. Met deze studie laten we zien dat er wel degelijk reden is om aan 
te nemen dat er een associatie is tussen een verminderd fysiek functioneren van de 
patiënt en de kans op complicaties en mortaliteit na behandeling en ontslag. Door deze 
patiënten in beeld te brengen door hun fysieke functioneren te beoordelen zouden 
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behandelaars een revalidatieprogramma kunnen ontwikkelen of een meer intensieve 
follow-up kunnen afspreken. Het nut en de waarde van dit soort postoperatieve 
interventies moeten worden aangetoond in een gerandomiseerde setting.

Naast het fysieke functioneren van een patiënt, is de voedingsstatus ook belangrijk 
voor een snel en succesvol herstel aangezien het bekend is dat ondervoeding sterk 
geassocieerd is met de kans op complicaties bij chirurgische patiënten32-35. Kennis 
naar hoe voeding een rol kan spelen bij het risico op complicaties kan helpen risico 
inventarisatie en gepersonaliseerde zorg te verbeteren. In hoofdstuk 10, beschrijven 
we dat ondervoeding een sterke indicator is voor een verhoogd risico op mortaliteit 
na ontslag en bij ontslag naar een zorginstelling. De huidige richtlijnen voor AAA 
behandeling en kritieke chronische ischemie omschrijven dat ondervoeding de 
wondgenezing negatief beïnvloedt en adviseren bij een hypoalbuminemie (laag 
albuminegehalte, een soort eiwit) dat AAA patiënten preoperatief door een diëtist 
worden gezien15, 31. Vooralsnog is er geen gerandomiseerde studie verricht naar het 
effect van interventies gericht op verbetering van de voedingsstatus. Aangezien we 
wel weten dat ondervoeding duidelijk geassocieerd is met complicaties, met name 
bij ouderen en kritiek zieken, zou samen met de resultaten van dit onderzoek het 
voldoende en haalbaar moeten zijn om een prospectieve trial op te zetten.

Meerdere risico scores en risico factoren zijn bestudeerd en gepubliceerd binnen de 
vaatchirurgie. De resultaten wat betreft betrouwbaarheid van risico modellen varieert 
enorm, evenals de geïncludeerde variabelen. Desondanks zijn er verschillende modellen 
en ook risico factoren gepubliceerd die voldoende accuraat zijn om mortaliteit te 
voorspellen na een vaatchirurgische ingreep. Risico modellen kunnen een arts helpen 
in de preoperatieve gesprekken met de patiënt en de familie. Om risicomodellen in de 
dagelijkse praktijk bruikbaar te maken moet er slimmer en intensiever gebruik worden 
gemaakt van het elektronische patiënten dossier zodat het praktisch en haalbaar wordt 
om het te gebruiken zonder dat hier een enorme tijdsinvestering aan vast zit.

Concluderend, het identificeren van betrouwbare voorspellers voor complicaties 
en mortaliteit na een vaatchirurgische behandelingen kan helpen bij verdere risico-
inventarisaties. Dit kan reeds gebeuren in de preoperatieve situatie maar ook bij ontslag 
aangezien het herstel en de revalidatie van een patiënt nog niet klaar is als de patiënt 
ontslagen wordt. Verdere risico-inventarisatie kan helpen in het keuzeproces welke 
behandeling het beste is voor de patiënt door de risico's te bespreken met de patiënt 
en de familie inclusief prognostische en diagnostische factoren. Het combineren 
van betrouwbare voorspellers in een predictiemodel met goede discriminatie geeft 
waarschijnlijk de meeste betrouwbare en onderscheidende informatie voor de 
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behandelaar en de patiënt. Om predictiemodellen op waarde te schatten, moeten 
de predictiemodellen bij voorkeur eerst worden gevalideerd in de eigen kliniek. Bij 
risicofactoren die eventueel te beïnvloeden zijn met een interventie, zoals fysiek 
functioneren of voedingsstatus, is het op basis van de resultaten die we hebben 
laten zien gerechtvaardigd om een gerandomiseerde studie te starten dat bewijs kan 
leveren voor het verbeteren van resultaten na vaatchirurgische behandelingen. Dit 
kan uiteindelijk leiden tot de ontwikkeling en implementatie van een bewezen en op 
maat toegesneden behandelmethode voor vaatchirurgische patiënten in de pre- en 
postoperatieve setting.
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