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Abstract- Numerous articles have been published investigating the incidence of and risk factors for delirium 
after cardiac surgery. Smith and Dimsdale reviewed the literature on postcardiotomy delirium in 1987 
using a meta-analysis of 44 research studies. However, doubts about their methods and results caused the 
authors to re-examine the literature using these 44 references as well as computerized literature searches 
to gather research and review papers from medical journals. Delirium after cardiac surgery appeared to 
be ill-defined in most of these studies. The methods and instruments used to assess delirium proved to be 
very different, and the patient samples were rather heterogeneous. Therefore, in most cases, the results 
are not comparable. Only a small number of the studies that were examined fit the criteria for statistical 
meta-analysis. On the basis of our analysis, a tentative conclusion may be drawn that the incidence of 
postcardiotomy delirium has declined slightly and that no strong risk factors have yet been identified. 
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INTRODUCTION 

Since the  mid-1950s numerous  art icles have been  publ i shed  concerning  psychia t r ic  
compl ica t ions ,  especial ly del i r ium,  fo l lowing ca rd iac  surgery [1-57]. Ca rd i ac  surgery 
has t r ad i t i ona l ly  been assoc ia ted  with a pa r t i cu la r ly  high rate  o f  pos tope ra t ive  delir-  
ium. The  r epor t ed  incidence varies f rom 2°7o to 57070, depend ing  on  the  research 
design,  the select ion o f  pa t ien ts ,  the type  o f  card iac  surgery,  the  assessment  me thods  

and ,  not  least  of  all,  the  cri ter ia  and  definit ion o f  del i r ium [1-57, see Table  I]. 
Blachly and  Starr  [5] were the first to use the  te rm p o s t c a r d i o t o m y  del i r ium for  

de l i r ium af te r  ca rd iac  surgery.  They  defined de l i r ium as a synd rome  consis t ing o f  
i mpa i rmen t  o f  o r ien ta t ion ,  m e m o r y ,  intel lectual  funct ion  and  j u d g m e n t ,  and  emo-  
t ional  labi l i ty .  Or ig inal ly ,  p o s t c a r d i o t o m y  de l i r ium was associa ted  with open-hear t  
surgery,  bu t  la ter  on  the te rm was also used for  del i r ium af te r  co rona ry  ar te ry  bypass  

surgery,  even though,  unl ike  an ope ra t i on  to repa i r  va lvu la r  and  congeni ta l  defects ,  
this p rocedure  does not  require  the hear t  to  be opened  extensively [31]. This  has mean t  
less l ike l ihood  o f  ca rd iac  damage  and  o f  a (mic ro )embol i za t ion ,  a poss ib ly  impor t an t  
insult  to the  bra in .  However ,  since p o s t c a r d i o t o m y  del i r ium is an es tabl ished d iagnos-  
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tic term, we will use it for delirium after cardiac surgery, irrespective of the kind 
of operation. 

The current incidence of  postcardiotomy delirium is unknown, and multiple studies 
have implicated as many risk factors. Smith and Dimsdale [59] reviewed the literature 
using a meta-analysis of  44 research studies, which were published between 1963 
and 1987 in a variety of  English-language journals. They examined the incidence 
of  postcardiotomy delirium and the relationship with 28 hypothesized risk factors, 
concluding that the incidence has remained fairly constant over time at 32°70 [59]. 
Apart from incidence o f  preoperative psychiatric intervention, they did not find any 
significant correlation between the occurrence of  postcardiotomy delirium and any 
other risk variable. However, after reviewing the studies used in the meta-analysis, 
comment can be made on their methods and conclusions. 

One of  the main problems is the definition of  delirium. According to current diagnos- 
tic standards, the DSM-IV [60], and ICD-10 [61], the essential features of  delirium 
are: a) clouding of  consciousness with reduced ability to focus, sustain, or shift 
attention, and b) changes in cognition (such as memory deficit, disorientation, lan- 
guage disturbance, perceptual disturbance). The syndrome may also involve c) distur- 
bance of the sleep-wake cycle or level of  psychomotor activity and d) a relatively 
rapid onset and a course that typically fluctuates. The total duration is usually b r i e f -  
about one week. Although it is, of  course, impossible to classify all o f  the research 
studies according to current diagnostic criteria, an effort has to be made to meet these 
current criteria as far as possible. 

Smith and Dimsdale classified "the various clinical presentations" of postcardiotomy 
delirium into 3 groups: group 1 consisted of  symptoms of  disorientation about place 
or time, group 2 included perceptual illusions, failure to recognize family or friends, 
or disorientation about identity, and group 3 contained hallucinations, paranoid 
delusions, or agitation [59]. However, such a classification represents not the "various 
clinical presentations," but rather different symptoms of delirium. None of  these 
separate symptoms, as described in the 3 groups is, nowadays, enough for a diagnosis 
of  delirium [60-61]. 

There has also been some debate on the time of  onset of  postcardiotomy delirium 
[58, 59]. Some investigators - Heller and Kornfeld are the leading exponents - favor 
a diagnosis of postcardiotomy delirium only when the syndrome follows a lucid 
postoperative interval of  2 to 5 days [5, 8, 22, 31, 39, 40]. A similar syndrome, 
occurring before that time interval, is classified as an organic brain syndrome. Other 
researchers did not find such a "lucid interval" or did not even mention the time of  
onset as a possibly important clinical feature of  delirium after heart surgery [59]. 
Also, in some studies, but only partly or not at all in others, postoperative deaths 
were excluded resulting in a different incidence of  postoperative delirium. 

Since it appeared to be impossible to classify the psychiatric symptoms in most 
s tud ies - some studies do not even define postoperative delirium, we were puzzled by 
the methods the authors used to group all 44 studies in as many as 3 categories. Most 
of  the reported studies cannot be used in a meta-analysis, which is a quantative method 
for reviewing reported studies, because it requires at the very least, well defined, 
discrete endpoints, that is, delirium [61]. The conclusion that the incidence of  delirium 
has remained fairly constant over time is therefore questionable. 

A further problem is the selection of  patients in the studies included in the meta- 
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analysis [59]. Studies using consecutive and selected patient samples of  different age 
ranges, gathered both retrospectively and prospectively by different methods of  case 
finding, that is, interview or chart review, were taken together (Table I). Also, the 
type of cardiac surgery studied shifted from surgery for valve and congenital lesions 
in the '60s and early '70s to mainly coronary artery bypass surgery (with or without 
valve replacement) in the late '70s and '80s. Consequently, the patient samples changed 
with respect to, for example, distribution of gender and age, surgical procedures, 
and duration of  extracorporeal circulation [Table I]. While surgery for valve and 
congenital lesions was performed mainly on female patients, coronary artery bypass 
surgery was performed predominantly on male patients. Moreover, the mean age 
increased approximately 10 years over time. 

Smith and Dimsdale used the vote-counting method described by Hedges and Olkin 
[62, 63] to estimate the underlying population correlation between a risk factor and 
the incidence of postcardiotomy delirium from the collection of selected studies. 
Although vote counting is appropriate when the only information available is whether 
a relationship was reported to be significant, it yields a very crude estimate of the 
population correlation. Therefore, confidence intervals should always be added. To 
be able to draw any reliable conclusions, at least 10 studies are needed [63]. In the 
meta-analysis done by Smith and Dimsdale [59], this was the case for only age, gender, 
and time on cardiopulmonary bypass. For example, if 3 studies are available describing 
the relationship between preoperative psychiatric intervention and postcardiotomy 
delirium [59], only 3 correlation estimates are possible: 0 when none or one of the 3 
studies reports a significant relation, 0.06 when 2 studies report a significant relation, 
and 0.60 when all 3 studies report a significant relation. In the last case, the 95°70 
confidence interval for 0.60 ranges from 0 to 1 (only positive correlations are esti- 
mated). This means that the population correlation can be anything from nonexistent 
to perfect. This clearly demonstrates the need for sufficient studies reporting on a 
possible risk factor. 

This leads to the problem of the power of the studies examined. The sample sizes 
are usually small, varying from 10 to 312, with only 6 out of 44 studies describing a 
sample size larger than 100 [59]. In a sample of 100 cases, a sample correlation has 
to be larger than 0.20 to be significant. In a complex syndrome like postcardiotomy 
delirium, the correlation between a risk factor and the event may typically be lower 
than 0.20 or, in terms of odds ratios, the relative risk may be lower than 1.5. 

Another problem is the publication bias. Nonsignificant results are either not re- 
ported at all or the test results are not given. For example, most studies will have at 
least recorded the age and gender of their patients and, in most cases, have tested 
for a significant relationship. Nevertheless, in many studies not even the mean age 
and /or  gender distribution are reported. 

All of these circumstances make it, in our opinion, impossible to group the different 
studies on delirium after cardiac surgery together for a meta-analysis as reported 
by Smith and Dimsdale [59]. Consequently, their conclusion that the incidence of  
postcardiotomy delirium has remained fairly constant over time at 32% and that, of  
all the surveyed risk factors, only preoperative psychiatric intervention correlated 
substantially with postcardiotomy delirium, is unfounded. Therefore, we selected 
those studies on postcardiotomy delirium in which delirium was well defined and 
more or less comparable to current criteria [60, 61] and examined the possibilities 
for further analysis of incidence and risk factors. 
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METHODS 

The 44 research studies analyzed by Smith and Dimsdale [4-6, 8-16, 18, 21-31, 33, 35-45, 47-54] were 
investigated. A literature search was done for the period between 1988 and 1994, yielding 3 more studies 
on postcardiotomy delirium [55-57]. Another 10 studies, reporting on the relation between cardiac surgery 
and the occurrence of postoperative delirium [1-3, 7, 17, 19, 20, 32, 34, 46], not used by Smith and 
Dimsdale, were found in the references. From those studies using (partly) the same study sample, the most 
adequate (e.g., the one used by Smith and Dimsdale) and detailed one was taken for further examination. 
Those studies in which postcardiotomy delirium was well defined and more or less met the current diagnostic 
criteria [60, 61] were selected. For example, Heller and Kornfeld [8, 22, 31, 39, 40] judged patients to 
have a delirium when, after a lucid interval of 2 to 5 days, they developed illusions, frequently accompanied 
by ditficulty in distinguishing between dreams and reality, often with disorientation and sometimes prog- 
ressing to hallucinations and delusions. This definition was considered adequate, even though attentional 
disorder and disorganized thinking in the narrow sense were lacking and the necessity of a "lucid interval" 
after surgery was introduced. Studies that mentioned "organic brain syndromes" to classify delirium-like 
and/or neurological symptoms [22, 31, 39, 51] were not included because it was impossible to distinguish 
"true" postcardiotomy delirium. 

Retrospective studies in which delirium was well defined were examined separately. Studies reporting 
on selected patient samples were excluded as well as patient samples that had been gathered both retrospec- 
tively and prospectively without specifying where the data came from. In one study, we excluded children 
younger than 16 years, using only information from adult patients [36], The selected studies were scrutinized 
and, as far as possible, analyzed for incidence and risk factors for postcardiotomy delirium. 

RESULTS 

Most ,  namely,  28 o f  the 44 studies used by Smith and Dimsdale for  analysis o f  the 
overall incidence, did not  describe delirium at all or did not do so sufficiently enough 
to draw any conclusions [4, 5, 9, 11, 12-16, 18, 21, 25-29, 35, 37, 38, 41, 43, 47-52, 
54]. In 16 studies, pos tca rd io tomy delirium was rather well defined [6, 8, 10, 22-24, 
30, 33, 36, 39, 40-42, 44, 45, 53]. These studies were supplemented with an adequately 
defined study published after  1987 [55] and 2 (of  the 10) studies found  in the literature 
[7, 19]. An  overview of  all the studies is shown in Table I. Four  pairs o f  studies 
apparent ly  used (partly) the same patient sample [5/13, 30/32, 35/37, and 41/44].  
Only  2 pairs o f  studies [30/32 and 41/44] used well-defined criteria, f rom which the 
most  adequate  ones were chosen for  further  examinat ion [30, 44]. Six studies that 
used selected patient samples or samples gathered both  retrospectively and prospec- 
tively were excluded [15, 21, 24, 29, 47, 56]. This yielded a total o f  16 prospective 
[6, 10, 17, 19, 22, 23, 30, 33, 36, 39, 40, 42, 44, 45, 53, 55] and 3 retrospective [8, 40, 
46] studies for  further  research and analysis o f  the overall incidence o f  pos tca rd io tomy 
delirium and possible risk factors. 

Figure 1 shows the incidences o f  delirium reported in the 16 prospective and 3 
retrospective selected studies. For  each incidence, the confidence interval was com- 
puted based on  the sample size o f  the study. The incidences vary considerably,  and 
the small overlap o f  the confidence intervals is a clear sign o f  the heterogeneity o f  
the studies. This means that  not  all samples are drawn f rom the same populat ion.  
An  impor tant  assumption for  statistical meta-analysis is therefore not  met. Regression 
analysis was used to test the hypothesis  that  this heterogeneity is due to reported 
differences between the studies, such as, year o f  publication,  type o f  surgery, mean 
age, and gender  distribution. Al though  the heterogeneity o f  the patient samples could 
not  be explained, a significant relationship was found between year o f  publicat ion 
and incidence o f  pos tca rd io tomy delirium (p = 0.02), the later publications showing 
a tendency towards  a lower incidence. Since there were only 3 retrospective studies, 
only incidences and confidence intervals can be given (see Fig. I). The large discrepancy 
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Fig. 1. Inc idences ,  conf idence  in tervals  a n d  cumula t i ve  conf idence  in te rva l s  (do t t ed  l ines)  o f  de l i r ium 
a f t e r  card iac  su rge ry .  

between, on the one hand, the studies of Kornfeld [8] and Heller [40] and, on the 
other hand, Morin [46] is explained by the different methods used and the sample 
sizes (Table I). 

Even though results on the effect of  the possible risk factors of age, gender, and 
time on cardiopulmonary bypass were reported frequently enough, we decided not 
to perform a statistical meta-analysis, since the assumption of homogeneity was 
not met. 

DISCUSSION 

Even after 30 years and more than 50 studies addressing in some way the issues of 
incidence of  and risk factors for delirium after cardiac surgery, these questions remain 
unanswered. A few reasons for this can be pointed out. First of  all, since the criteria 
have evolved over time, delirium is not equally defined in the studies reporting on 
postcardiotomy delirium or, even worse, is not defined at all. This makes it difficult 
to compare the various studies. For example, of  the 29 studies having postoperative 
delirium as the most important outcome measure, 12 (41%) studies do not use an 
adequate definition of  delirium. 

An important unresolved and difficult issue in this respect is the operationalization 
of  the diagnostic criteria to ensure reliability and replicability of research findings 
[64]. In none of the described studies are the criteria for postoperative delirium 
explicitly operationalized. Second, consecutive patient samples appear to be no guar- 
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antee  o f  homogene i t y  o f  the var ious  studies.  Other  factors  p r o b a b l y  influence the 
incidence:  the  kind o f  hospi ta l ,  the area  served, the number  o f  beds,  the  experience 
o f  the surgeons,  and  the inclusion and  exclusion cr i ter ia  used.  These were of ten  not  
sufficiently specified. 

O f  all the r epor t ed  differences in the  studies,  on ly  year  o f  pub l i ca t ion  is significantly 
re la ted  to the  incidence 0 f de l i r ium af te r  ca rd iac  surgery,  the la ter  pub l ica t ions  showing 
a tendency  towards  a lower  incidence.  In con t ras t  to the conclus ion o f  Smi th  and 
Dimsda le ,  this  may  be in line with the  clinical  no t i on  that  the  incidence o f  pos tca rd io -  
t o m y  de l i r ium has decl ined,  poss ib ly  due to improved  surgical  and  c a r d i o p u l m o n a r y  
bypass  techniques .  

F u r t h e r m o r e ,  it is ha rd  to judge  the s ta t is t ical  meri ts  o f  the  studies when the da ta  

and  stat is t ical  techniques are  insufficiently descr ibed.  A n  example  o f  p o o r  stat is t ical  
qual i ty  is the ar t ic le  o f  Tu fo  et al. [23]. They  r epor t  the re la t ionsh ip  between cerebra l  
damage  and  age groups  to  be highly significant,  which is no t  the case i f  an analysis  
is made  o f  the frequencies  in the Tab le  I. Also ,  in con t ras t  to the r epor t ed  result ,  the 
re la t ion  be tween  cerebra l  damage  and  b l o o d  pressure  dur ing  bypass  appea r s  to be 
significant.  In general ,  the s tat is t ical  results  could  no t  be r ep roduced  f rom the repor ted  
da ta .  This ser iously hamper s  s ta t is t ical  meta-ana lys i s .  

In conclus ion ,  mos t  o f  the  results o f  the s tudies  repor t ing  on  pos tope ra t ive  de l i r ium 
af ter  ca rd iac  surgery  are  not  c o m p a r a b l e .  Nevertheless ,  a caut ious  conclus ion  m a y  
be d rawn tha t  no s t rong  risk fac tor  has been identif ied and  tha t  the incidence o f  
p o s t c a r d i o t o m y  del i r ium has p r o b a b l y  decreased.  
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