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Abstract

Background: The aim of the study was to evaluate the incidence of
postoperative delirium (POD) following a comprehensive list of surgi-
cal procedures utilizing data from state and national inpatient hospital
databases.

Methods: The incidence of POD occurring during surgical hospital
admissions was evaluated across 15 surgical categories, and different
patient demographics using California State Inpatient Database (SID)
and National Inpatient Sample (NIS).

Results: Analysis of 4 years of SID sample resulted in 47,875 cases
of POD with an overall incidence of 1.06%. The incidence was high-
est following transplant surgeries 6.82%, musculoskeletal surgeries
1.95%, neurological surgeries 1.81% and cardiac surgeries 1.81%.
The mean age of patients with delirium was 71.6 + 15.3 (standard
deviation (SD)) compared with 47.8 + 23.6 (SD) in patients without
delirium. Analysis of the NIS database resulted in an annual inci-
dence of 1.78%, estimating at least 200,000 cases of POD occurring
every year in the USA.

Conclusions: This study highlights the size and variation of postop-
erative incidence across different patient characteristics, risk factors,
surgical procedures, and research methods. Delirium occurring in
the postsurgical period remains to be a serious potentially prevent-
able problem affecting hospitals worldwide. Implementing additional
measures for early detection and prevention can help lessen the mor-
bidity and mortality burden associated with delirium.
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Introduction

Postoperative delirium is an acute phase of confusion within
72 h after surgery [1-3]. Despite being a common and fre-
quently unrecognized condition, postoperative delirium dis-
plays wide variation in reported incidences [4]. In 2010, over
50 million inpatient surgical procedures were performed in
the USA alone and that number is increasing annually [5]. In
a systematic review of elderly patients who underwent sur-
gical procedures, the incidence of delirium ranged between
11% and 46% in cardiac surgeries, 13-50% in noncardiac sur-
geries, and 12-51% in orthopedic surgeries [6]. Currently, the
reports of incidence in the literature vary too widely; and as
delirium is multifactorial, controlling every factor seems dif-
ficult [7]. This variation in incidence could potentially mean
that numerous patients with delirium go unrecognized leading
to significant consequences.

In the short term, delirium after surgery increases the
length of hospital stay, the number of days of mechanical ven-
tilation, and the length of intensive care unit (ICU) stay [8, 9].
Furthermore, in-hospital delirium is associated with two and
a half times increase in 1-year medical costs [10]. As a long-
term consequence, it increases mortality, increases the risk of
further hospitalizations, worsens cognitive function, and in-
creases the risk of dementia by 10 folds [3, 11-14]. Delirium in
the intensive care setting is of a particular importance, as pa-
tients in the ICU tend to be more acutely ill, older, and have a
higher risk to be mechanically ventilated which should reflect
in a higher incidence of delirium [15].

The goal of this project was to comprehensively evaluate
the incidence of delirium following a wide range of surgical
procedures. To achieve this goal, the incidence of delirium was
evaluated throughout surgical admissions using statewide and
nationwide in-hospital databases from the USA. The use of
inpatient claims databases in research can provide incidences
across a large patient population of different characteristics,
and in multiple clinical settings. Another aim was to compare
the resulted incidences with incidences reported in medical
literature to provide an idea on the fidelity of hospital claims
databases in documenting postoperative outcomes.
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Materials and Methods

Data source

California State Inpatient Database (SID) and National Inpa-
tient sample (NIS) obtained from healthcare cost utilization
project (HCUP) were individually analyzed in this study to
evaluate the incidence of delirium following different surgi-
cal procedures. The SID encompasses about 97% of Califor-
nia state community hospital inpatient discharge records. It
has more than 100 clinical and nonclinical variables including
patient demographics, diagnoses (primary, secondary), list of
procedures performed, admission status, discharge status,
length of stay and comorbidities. SID is also unique in hav-
ing present on admission (POA) variable which is valuable
in distinguishing whether a patients’ diagnosis was recorded
prior to admission or resulted as a complication during hospi-
talization. The NIS is the largest publicly available all-payer
inpatient healthcare database in the USA, yielding national
estimates of hospital inpatient stays. Unweighted, it con-
tains data from more than 7 million hospital stays each year.
Weighted, it estimates more than 35 million hospitalizations
nationally, allowing for the study of common and uncommon
diagnoses and procedures on a national level [16]. The NIS
lacks the POA variable which makes it less useful when uti-
lized for evaluating hospital complications when compared
to the SID. Data were acquired for the years 2008 - 2011
as they were the only years available for accusation for the
California SID by the time the study was performed. Inter-
national Classification of Diseases, Ninth Revision Clinical
Modification (ICD-9-CM) codes and Clinical Classification
Software (CCS) codes were used for defining our included
diagnoses and procedures. This study was reviewed by the
Institutional Review Board (IRB) of the University of Pitts-
burgh and determined to be exempt as there was no direct
contact with humans neither there were any patient identi-
fiers in the data. Ethical compliance with human study was
exempted by the IRB.

Outcomes studied

The primary outcome for this study was the incidence of de-
lirium occurring in the postoperative period. This period was
defined in this project as the period during hospitalization for
any elective surgical intervention and before discharge from
the hospital. Postoperative delirium was defined by the pres-
ence of at least one of the following ICD-9-CM diagnoses
codes: (293.9, 780.09, 298.9, 290.11, 290.3, 290.41, 290.20,
293, 293.0, 293.1, 293.8, 293.81, 293.82, 292.81, 291.0,
292.11, 292.12, 348.3, 348.31, 348.39, 349.82, 437.2), plus
a negative POA variable value. A similar definition was used
for the NIS database but without a negative POA (postopera-
tive delirium) variable given that this variable was not avail-
able for the NIS. The broad selection of codes for delirium
was due to our awareness of underrecognition and inaccura-
cies in coding, and to detect the majority of delirium cases
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occurring following surgery.
Covariates

The surgical datasets included a wide variety of patient demo-
graphics representing the state of California in the SID and the
whole USA in the NIS including different age groups from 0
to 100, gender, and race. Clinical covariates encompassed 29
comorbidities based on the Elixhauser comorbidity index in-
cluding congestive heart failure, valvular disease, pulmonary
circulation and chronic pulmonary disorders, peripheral vas-
cular disease, hypertension, paralysis and other neurological
disorders, diabetes, hypothyroidism, renal failure, liver dis-
ease, tumors, weight changes, anemias, fluid and electrolyte
disorders, psychosis, alcohol abuse, depression, and rheuma-
tological diseases. No ICD-9 codes were used to define these
comorbidities as they were already coded in the datasets as
binary variables from their origin.

Statistical analysis

Dataset construction was performed using SAS 9.4. Indi-
vidual analyses were performed for each dataset (SID/NIS).
The main datasets for the years 2008 - 2011 were limited to
elective surgical admission records and diagnostic proce-
dures utilizing dataset variables that distinguish the type of
admission. Surgical data for each year were then merged into
a common dataset that was used for analysis. Every surgical
record in the datasets contained up to 25 reported diagnoses
with a corresponding POA variable. The first diagnosis vari-
able in each record was considered as the primary admitting
diagnosis and the other 24 diagnoses were considered as sec-
ondary diagnoses. The surgical records were divided into 15
surgical categories according to the organ system involved to
make the data presentation more meaningful. A SAS macro
was written and utilized to search through all the included
surgical records for the diagnosis of postoperative delirium
and calculate incidences across the defined patient character-
istics. All reported incidences were based on the division of
the numbers of delirium cases over the number of surgical
procedures performed. The results were reported as “number
of procedures” not as a number of patients as the same patient
may have undergone several procedures during the included
time frame. It was not possible to limit the datasets to unique
patients as this was deidentified data that did not contain pa-
tient identifiers. A year-by-year analysis was also performed
to observe the trends from 2008 to 2011. Data analysis in the
project was largely descriptive with no variable adjustment
due to several limitations; however, a limited independent
sample #-test was performed to produce statistical comparison
between numerical variables including age and length of stay,
and Chi-square test was used to compare between categorical
variables including gender. The same process was replicated
for the NIS database. In addition, the NIS was utilized to pro-
duce national incidence estimates by weighing the included
records to replicate the actual population of the USA. Weigh-
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Figure 1. Postoperative delirium incidence across 17 different age groups. SID: State Inpatient Database; NIS: National Inpatient

Sample.

ing was performed using weighing macros available on the
HCUP website.

Results

SID

Patient characteristics

A total of 4,507,860 inpatient discharge records (mean age:
48.1 + 23.7 standard deviation (SD)) spanning the years 2008
through 2011 were identified from the SID. Each year of the
SID contained an average of 1,126,965 surgical discharge re-
cords. Our study population included 39.2% males and 60.8%
females. White race was the most prevalent race (54.1%) fol-
lowed by Hispanic race 29%, Asian 7.9%, African American
6.6%, and others 2.4%. Of our sample, 43.5% had more than
one comorbidity prior to surgery. Most common performed
surgical procedures were obstetrics and gynecology (OBGYN)
surgeries (26.64%), followed by musculoskeletal 21.47%, and
gastrointestinal surgeries 16.78%. Of the included surgical re-
cords, 0.6% were missing age value, 2.1% were missing gen-
der, and 6.7% were missing race.

Incidence of delirium

The overall rate of postoperative delirium found in the SID was
1.06% (n = 47,875). On average 11,967 cases of postoperative
delirium occurred every year in California state, and incidences
did not vary significantly across the years. Incidence of deliri-
um was highest following transplant surgeries at 6.82%, mus-
culoskeletal surgeries 1.95%, neurological surgeries 1.81% and
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cardiac surgeries 1.81%. OBGYN surgeries including caesar-
ean section had the lowest incidence of postoperative delirium
at 0.06%. Mean age of patients with postoperative delirium was
71.6 £ 15.3 (SD) compared with 47.8 = 23.6 (SD) in patients
who did not develop delirium (P value < 0.001). For patients
who developed delirium, 51.1% were males compared to 48.9%
in females, and 72.8% were White followed by 14.1% Hispan-
ics, 5.8% Asians and 5.4% African Americans. Mean length of
stay for patients with delirium was 14.3 days compared to 4.6
days in patients without delirium (P value < 0.001).

The incidence of postoperative delirium increased pro-
gressively with age exhibiting a rate almost two times higher
every 15 years increase of age especially in ages above 60.
In year 2011, surgical patients who were 56 - 60 years of age
developed delirium at a rate of 1.06%, while those who were
71 -75 of age developed delirium at a rate of 2.4%. Finally, pa-
tients who were 80 years or older developed delirium at a rate
of more than 4% (Fig. 1). Incidence of postoperative delirium
was higher in males (1.42%) compared to 0.88% in females
(P value < 0.001, Table 1). Incidences were comparable be-
tween males and females in several types of surgeries, but we
found increased incidences in males following neurosurgical,
gastrointestinal, blood, and urological surgeries while females
had higher incidences following musculoskeletal surgeries.
Moreover, incidence of postoperative delirium in Whites was
1.74% compared to 0.87% in African Americans and 0.41% in
Hispanics in year 2011 (Table 1).

As the included surgical categories were broad in nature,
a closer assessment was done to evaluate incidences after spe-
cific surgical procedures (Table 2). Of all included surgeries,
transplant surgeries were associated with the highest rates of
postoperative delirium. Among the transplant surgeries, com-
bined heart-lung transplant surgeries were associated with the
highest incidence of postoperative delirium (17.95%), fol-
lowed by surgeries on the abdominal aorta at 10.28% and uni-
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Table 1. Comparison of the Demographics and the Incidence of Delirium in the Years of 2008 and 2011 (SID Database)

Incidence of delirium

Cardiac surgery
Vascular surgery

912 (1.59%)
633 (1.34%)

1,100 (2.08%)
821 (1.65%)

372 (1.35%)
456 (1.11%)

Males Females
2008 2011 2008 2011

Age category
0 - 17 years 46 (0.06%) 87 (0.12%) 52 (0.19%) 54 (0.22%)
18 - 25 years 39 (0.33%) 30 (0.25%) 24 (0.03%) 29 (0.05%)
26 - 30 years 35 (0.38%) 32 (0.37%) 17 (0.03%) 32 (0.05%)
31 - 35 years 29 (0.31%) 42 (0.45%) 28 (0.04%) 38 (0.06%)
36 - 40 years 70 (0.55%) 63 (0.54%) 38 (0.08%) 36 (0.09%)
41 - 45 years 103 (0.60%) 103 (0.65%) 66 (0.20%) 81 (0.28%)
46 - 50 years 200 (0.86%) 182 (0.79%) 127 (0.39%) 142 (0.46%)
51 - 55 years 249 (0.86%) 274 (0.91%) 156 (0.52%) 187 (0.60%)
56 - 60 years 317 (0.98%) 402 (1.17%) 250 (0.80%) 311 (0.97%)
61 - 65 years 372 (1.16%) 540 (1.51%) 354 (1.14%) 411 (1.15%)
66 - 70 years 505 (1.65%) 626 (1.82%) 394 (1.26%) 556 (1.62%)
71 - 75 years 654 (2.31%) 765 (2.64%) 512 (1.70%) 681 (2.18%)
76 - 80 years 766 (3.04%) 894 (3.68%) 719 (2.48%) 775 (2.81%)
81 - 85 years 663 (3.59%) 739 (4.16%) 763 (3.15%) 876 (3.83%)
86 - 90 years 452 (4.19%) 617 (5.17%) 584 (3.74%) 785 (4.63%)
91 - 95 years 69 (4.86%) 96 (5.89%) 136 (4.26%) 220 (6.24%)
96 - 100 years 2.60%? 11 (9.40%) 20 (5.38%) 35 (7.78%)
Unknown 896 (1.62%) 1,090 (1.92%) 883 (0.85%) 1,066 (1.06%)

Race
White 3,798 (1.57%) 4,558 (1.90%) 3,765 (1.16%) 4,517 (1.47%)
African American 245 (0.97%) 313 (1.19%) 299 (0.71%) 368 (0.87%)
Hispanic 795 (0.87%) 971 (1.00%) 609 (0.29%) 827 (0.41%)
Asian or Pacific Islander 314 (1.12%) 444 (1.46%) 259 (0.50%) 355 (0.67%)
Native American 0.62%* 1.40%* 0.35%* 0.83%?
Other 133 (1.34%) 104 (0.99%) 73 (0.54%) 107 (0.72%)

Surgical category
Neurosurgery 370 (1.98%) 455 (2.43%) 226 (1.53%) 256 (1.83%)
Endocrine surgery 14 (0.49%) 19 (0.68%) 17 (0.21%) 29 (0.38%)
Surgeries on the eye 0.51%* 0.58%* 0.31%* 0.92%?
ENT surgeries 32 (0.44%) 38 (0.56%) 19 (0.37%) 30 (0.62%)
Respiratory/thoracic 255 (1.50%) 288 (1.61%) 185 (1.26%) 243 (1.57%)

518 (2.05%)
695 (1.63%)

Blood/lymphatic 47 (1.38%) 53 (1.52%) 32(0.51%) 37 (0.58%)
Gastrointestinal 1,060 (1.36%) 1,242 (1.50%) 934 (1.00%) 1,115 (1.10%)
Urology surgery 235 (1.63%) 239 (1.63%) 127 (1.05%) 122 (1.01%)
Male surgery 78 (0.11%) 93 (0.15%) 0 0

OBGYN surgery 0 0 171 (0.05%) 188 (0.07%)
Musculoskeletal 1,724 (1.66%) 2,114 (1.93%) 2,513 (2.07%) 2,983 (2.31%)
Breast and skin 56 (1.35%) 65 (1.52%) 49 (0.36%) 63 (0.51%)
Transplant and other surgical procedures 43 (5.39%) 57 (7.72%) 19 (4.41%) 28 (5.93%)

Total 5,467 (1.28%) 6,593 (1.54%) 5,123 (0.76%) 6,315 (0.98%)

aNumber of patients (< 10) is too small to be reported. Data presentation: number of delirium cases (delirium incidence (%) after all surgical proce-
dures). SID: State Inpatient Database; OBGYN: obstetrics and gynecology.
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Table 2. Selected Surgeries Associated With a High Incidence of Delirium (SID Database)

Incidence of postoperative delirium

Type of surgery Males Females Total
Neurosurgery
Incision of cerebral meninges 418 (4.88%) 168 (4.13%) 586 (4.6%)
Excision or destruction of lesion or tissue of brain 299 (3.53%) 207 (2.67%) 506 (2.99%)

Excision of lesion or tissue of cerebral meninges
Other incision of brain

Other craniotomy

Cardiac surgery

Open and other replacement of aortic valve with tissue graft
(Aorto) coronary bypass of three coronary arteries

(Aorto) coronary bypass of two coronary arteries

Open and other replacement of aortic valve

Open and other replacement of mitral valve with tissue graft
(Aorto) coronary bypass of one coronary artery

(Aorto) coronary bypass of four or more coronary arteries
Implant of pulsation balloon

Single internal mammary-coronary artery bypass

Insertion of implantable heart assist system

Vascular surgery

Resection of vessel with replacement, aorta, abdominal
Resection of vessel with replacement, thoracic vessels
Interruption of the vena cava

Clipping of aneurysm

Other (peripheral) vascular shunt or bypass

Musculoskeletal

Partial hip replacement
Open reduction of fracture with internal fixation, femur
Closed reduction of fracture with internal fixation, femur

Internal fixation of bone without fracture reduction, femur

Dorsal and dorsolumbar fusion of the posterior column, posterior technique

Other amputation below knee
Amputation above knee

Total knee replacement

Urology surgery

Radical cystectomy
Percutaneous nephrostomy without fragmentation
Other transurethral excision or destruction of lesion or tissue of bladder

Partial nephrectomy

Gastrointestinal

Other partial resection of small intestine
Open and other right hemicolectomy
Open and other sigmoidectomy

Other lysis of peritoneal adhesions

72 (4.73%)
78 (3.83%)
81 (3.17%)

689 (6.47%)
453 (4.05%)
454 (3.89%)
276 (4.66%)
99 (6.95%)

198 (4.40%)
266 (4.32%)
193 (3.41%)
161 (3.69%)
49 (10.43%)

209 (10.50%)
84 (7.40%)
331 (2.64%)
71 (7.24%)
192 (2.33%)

953 (8.42%)
860 (4.54%)
465 (5.73%)
135 (3.44%)
156 (3.89%)
295 (4.18%)
165 (5.14%)
1,192 (1.66%)

179 (6.28%)
107 (2.06%)
112 (1.39%)
39 (1.27%)

404 (3.82%)
405 (4.16%)
324 (3.41%)
249 (3.09%)

104 (3.18%)
48 (3.82%)
22 (1.61%)

360 (5.84%)
130 (3.82%)
163 (3.76%)
125 (3.80%)
80 (5.11%)
80 (3.75%)
58 (4.02%)
62 (2.50%)
48 (3.09%)
9 (7.56%)

71 (9.78%)
41 (6.31%)
269 (2.05%)
122 (5.21%)
135 (2.69%)

1,682 (6.26%)
1,722 (4.82%)
746 (4.90%)
275 (4.00%)
199 (3.87%)
171 (5.08%)
121 (4.47%)
1,696 (1.45%)

32 (6.05%)
107 (1.73%)
38 (1.43%)
33 (1.49%)

472 (3.86%)
385 (3.39%)
300 (3.05%)
289 (2.31%)

176 (3.52%)
126 (3.8%)
103 (2.54%)

1,049 (6.23%)
583 (3.99%)
617 (3.85%)
401 (4.34%)
179 (5.98%)
278 (4.19%)
324 (4.26%)
255 (3.13%)
209 (3.53%)
58 (9.85%)

280 (10.28%)
125 (6.98%)
600 (2.34%)
193 (5.73%)
327 (2.46%)

2,636 (6.88%)
2,585 (4.64%)
1,211 (5.07%)
410 (3.61%)
355 (3.81%)
467 (4.46%)
286 (4.82%)
2,900 (1.49%)

211 (6.23%)
214 (1.87%)
150 (1.38%)
72 (1.31%)

877 (3.8%)
790 (3.7%)

624 (3.18%)
540 (2.59%)
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Table 2. Selected Surgeries Associated With a High Incidence of Delirium (SID Database) - (continued)

Type of surgery

Incidence of postoperative delirium

Males Females Total

Cholecystectomy

Open and other left hemicolectomy

Radical pancreaticoduodenectomy

Partial gastrectomy with anastomosis to jejunum
Other

Unilateral lung transplantation

Bilateral lung transplantation

Combined heart-lung transplantation

Heart transplantation

Other transplant of liver

224 (2.40%)
129 (3.71%)
112 (6.01%)

142 (1.43%) 366 (1.87%)
129 (3.51%) 258 (3.58%)
84 (5.14%) 196 (5.56%)

92 (5.51%) 50 (3.16%) 142 (4.33%)
18 (13.85%) 6 (5.61%) 24 (10.13%)
30 (11.28%) 16 (7.84%) 46 (9.79%)
17.65% 18.18%? 17.95%2

35 (4.69%) 11 (3.93%) 46 (4.47%)
124 (7.22%) 67 (6.71%) 191 (7.02%)

aNumber of patients (< 10) is too small to be reported. Data presentation: number of delirium cases (delirium incidence (%) after individual surgical

procedure). SID: State Inpatient Database.

lateral lung transplant 10.13%.

Lastly, most frequent presurgical morbidities in patients
who developed delirium were: hypertension 35%, diabetes 16%,
deficiency anemia 15%, chronic lung disease 11%, and obesity
10%. A progressive rise in delirium incidences was noted with
the rise in number of presurgical comorbidities the patient had.

NIS

Analysis 0f 46,747,030 weighted discharge records for nation-
wide admissions between 2008 and 2011 yielded an overall
rate of postoperative delirium of 1.78% (n= 829,837). Females
compromised 58% of the sample. Whites were the most preva-
lent race (69.2%), followed by African Americans 12.1%, His-
panics 11.6% and all other races 7.1%. Incidence of delirium
was highest following transplant surgeries at 8.19%, vascular
surgeries 3.77%, respiratory/thoracic surgeries 3.40%, and
surgeries on the eye 3.34%. Incidence of delirium following
cardiac surgeries was 2.21%.

On average, more than 200,000 nationwide cases a year of
postoperative delirium were found on analysis of the weighted
NIS data. Number of cases increased from 180,281 cases in
year 2008 to 233,841 in year 2011. Similar to the observed
trend in the SID, a progressive rise in the incidence of postoper-
ative delirium was noted as patients’ age and number of comor-
bidities increased. In year 2011, those who were 56 - 60 of age
developed postoperative delirium at a rate of 1.97% compared
to incidence rate of more than 6% in ages above 80 (Fig.1).
Postoperative delirium was found in 2.0% of Whites compared
to 1.6% in African Americans, and 1.0% in Hispanics.

Incidences in coronary artery bypass and hip surgeries

A subanalysis and comparison between several high-risk and
common procedures was performed on the SID and NIS. Upon
analysis of surgeries performed in California in 2011, there
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were 12,261 coronary artery graft bypass (CABG) surgeries
and 41,091 hip surgeries performed with 4.24% and 2.93% in-
cidence of delirium respectively. Compared to the SID, analy-
sis of the NIS for the same year resulted in 163,764 CABG
and 464,502 hip surgeries performed nationwide with a 4.83%
and 3.83% incidence of delirium respectively. Based on the
previous results, it can be expected that in any given year, there
would be at least an approximately 8,000 cases of delirium
following CABG and 17,800 cases of delirium following hip
surgery on a national basis.

Discussion

Delirium is one of the commonly missed postoperative com-
plications that can be associated with significant morbidity and
mortality. To our knowledge, this is the first report to review
the incidence of postoperative delirium across a large scale of
different surgical procedures and patient demographics. Our
analysis of the largest public inpatient datasets available in the
USA (SID/NIS), we found a postoperative delirium incidence
rate of 1.06% with an average of 11,967 cases occurring every
year in the state of California. Analysis of the NIS resulted in
a 1.78% incidence of postoperative delirium with an estimate
0f 200,000 cases occurring nationally in the USA every year.
Incidences reported in this review were lower when com-
pared to incidences reported in medical literature [17-19]. This
could be attributed to several reasons. First, throughout this pro-
ject our aim was to include the vast majority of billable surgical
procedures whether invasive or minimally invasive procedures.
This criterion resulted in the inclusion of a large number of low-
risk routine procedures, for example, cesarean sections. On the
other hand, published papers in medical literature mainly tended
to focus on the incidence of delirium in only high-risk surgi-
cal procedures, patients in the ICU setting, or in older patients
with many presurgical comorbidities, which realistically should
result in higher delirium incidences. Interestingly, we found that
larger scale published papers that included a higher number of
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patients of different ages and presurgical risk factors tended to
have incidences comparable to our reported numbers [20-24].
Second, even when we took into consideration the number of
comorbidities each patient has and evaluated a subset of high-
risk operations, incidences were still lower when compared with
reported incidences for similar procedures. This could be due to
hospital claims databases being primarily used for billing pur-
poses which is prone to errors in coding and under-reporting
[25]. Whereas, in prospective studies care providers are actively
tracking and implementing diagnostic criteria to detect any de-
lirium event thus giving a more accurate estimate of a higher
incidence of delirium. McCoy et al reported in their review that
delirium in hospital claims databases may be underreported by
10-fold or more when comparing it with published rates of de-
lirium, attributing this variation to the possibility of failure in
coding or diagnosis [26]. It is worthy to mention that the ob-
served trend of increasing number of delirium cases every year
from 2008 to 2011 in the SID and NIS may be attributed to the
increased quality and accuracy of data reporting and not neces-
sarily mean that delirium is on the rise.

This study signifies the importance of the POA variable
in claims data. Incidences were almost two times higher in the
NIS compared to the SID. This variation could be explained by
differences in the demographics and diagnoses-reporting met-
rics in both databases, but also could be attributed to the defi-
ciency of POA variable in the NIS which resulted in including
cases of a previous history of delirium plus delirium occurring
as a complication after surgery, giving rise to a possible meas-
urement bias in the results of the NIS. We tested this theory by
observing the incidences in the SID without using “negative”
POA variable value and the incidences were comparable to the
results in the NIS.

Our findings demonstrated that the incidence of delirium
doubled every 15 years of age after the age of 60 (Fig. 1, Sup-
plementary Material 1, www.neurores.org). This increase in inci-
dence with age is consistent with other literature [6]. Older age is
associated with physiological changes in the brain which puts the
patient at an increased susceptibility for developing neurological
complications [27]. A similar pattern of increased incidences was
also found in people of White race compared to African Ameri-
cans and Hispanics. However, this observed increase may have
been due to bias in reporting, diagnosis, or presentations among
different ethnic groups. A detailed multivariable logistic regres-
sion of predictors was beyond the scope of this project, and we
identify it as the main limitation of this study.

This study was prone to several other limitations. First,
hospital claims databases are still prone to errors in coding and
reporting. The diagnostic accuracy of delirium ICD-9 codes is
still questionable and may not reflect the actual true incidences.
Second, we could only track patients during their hospitaliza-
tion and thus in the majority of cases we could not track to the
full 30-day mark used for defining the postoperative period.
Third, we also did not assess the effect of undergoing multiple
procedures during the same admission on the rates of delirium.

Those findings should aid in improving our understanding
of postoperative delirium incidences, and how can incidences
vary based on many risk factors, demographics, or definitions.
They should also encourage the efforts to improve training
for early detection, reporting, and management of this serious
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neurological complication. Future large-scale studies are still
needed to address the clinical and economic impact of postop-
erative delirium, in addition to focus on how delirium can be
prevented, as despite significant advancements in the field of
monitoring and diagnostic tools, delirium continue to be com-
monly encountered complication that is often recognized late.
Additionally, utilizing more recent hospital claims databases in
the future can be helpful in studying how the numbers change
across larger time frames, and whether the change in numbers
can be attributed to an actual change in incidences or improved
accuracy of reporting.

Conclusions

This study highlights the size and variation of postoperative inci-
dence across different patient characteristics, risk factors, surgi-
cal procedures, and research methods. Delirium occurring in the
postsurgical period remains to be a serious potentially prevent-
able problem affecting hospitals worldwide. Implementing addi-
tional measures for early detection and prevention can help less-
en the morbidity and mortality burden associated with delirium.

Supplementary Material

Suppl 1. Variation in delirium incidences between SID and
NIS across different patient’s characteristics.
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