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ABSTRACT

Background: No externally validated risk score for postoperative pulmonary complications (PPCs) is currently available. The
authors tested the generalizability of the Assess Respiratory Risk in Surgical Patients in Catalonia risk score for PPCs in a large
European cohort (Prospective Evaluation of a RIsk Score for postoperative pulmonary COmPlications in Europe).
Methods: Sixty-three centers recruited 5,859 surgical patients receiving general, neuraxial, or plexus block anesthesia. The
Assess Respiratory Risk in Surgical Patients in Catalonia factors (age, preoperative arterial oxygen saturation in air, acute respi-
ratory infection during the previous month, preoperative anemia, upper abdominal or intrathoracic surgery, surgical duration,
and emergency surgery) were recorded, along with PPC occurrence (respiratory infection or failure, bronchospasm, atelectasis,
pleural effusion, pneumothorax, or aspiration pneumonitis). Discrimination, calibration, and diagnostic accuracy measures of
the Assess Respiratory Risk in Surgical Patients in Catalonia score’s performance were calculated for the Prospective Evaluation
of a RIsk Score for postoperative pulmonary COmPlications in Europe cohort and three subsamples: Spain, Western Europe,
and Eastern Europe.

Results: The full Prospective Evaluation of a Rlsk Score for postoperative pulmonary COmPlications in Europe data set
included 5,099 patients; 725 PPCs were recorded for 404 patients (7.9%). The score’s discrimination was good: ¢-statistic
(95% CI), 0.80 (0.78 to 0.82). Predicted versus observed PPC rates for low, intermediate, and high risk were 0.87 and 3.39%
(score <26), 7.82 and 12.98% (=26 and <45), and 38.13 and 38.01% (=45), respectively; the positive likelihood ratio for a
score of 45 or greater was 7.12 (5.93 to 8.56). The score performed best in the Western Europe subsample—c-statistic, 0.87
(0.83 to 0.90) and positive likelihood ratio, 11.56 (8.63 to 15.47)—and worst in the Eastern Europe subsample. The pre-
dicted (5.5%) and observed (5.7%) PPC rates were most similar in the Spain subsample.

Conclusions: The Assess Respiratory Risk in Surgical Patients in Catalonia score predicts three levels of PPC risk in hospitals
outside the development setting. Performance differs between geographic areas. (ANESTHESIOLOGY 20145 121:219-31)

OSTOPERATIVE pulmonary complications (PPCs)

are a major contributor to the overall risk of surgery.'™ BT D AT LG L WL

e There is no externally validated and replicated risk assessment
tool for postoperative pulmonary complications

They are associated with substantially longer time spent in
hospital® and higher in-hospital postoperative mortality.® In

the United States, the reported annual economic burden of What This Article Tells Us That Is New
PPCs is approximately $3.42 billion (USD).” e The Assess Respiratory Risk in Surgical Patients in Catalonia
A wide range of patient, anesthetic, and surgical factors risk assessment tool was replicated and externally validated in

. . . over 5,000 patients across Europe
are associated with PPCs.>3? To date, only a few studies have P P

developed predictive models for PPCs in settings that reached
beyond very specific disease or surgical contexts. Two of  outcomes, were performed in a population of American vet-
these studies, with pneumonia!® and respiratory failure!! as erans; as 90% of the patients were men, the generalizability
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of the findings may be limited. Six others used retrospective
data sets to develop a score to predict single PPC outcomes:

unplanned reintubation,!>-14

postoperative pulmonary fail-
ure,’® and adult respiratory distress syndrome.'®!” Finally,
two'? were prospective studies in patients undergoing a wide
range of surgeries and only one was internally validated.! To
our knowledge, none of these studies have been replicated
in other settings to externally validate the scores in new pro-
spectively collected samples of patients, and for this reason,
none can be confidently generalized.!®! The lack of vali-
dated models affects the clinician’s ability to predict and plan
strategies to prevent PPCs in high-risk groups.

The recent Assess Respiratory Risk in Surgical Patients
in Cartalonia (ARISCAT) study' addressed the problem of
differences across surgical contexts by using a population-
based approach that was representative of a wide range of
procedures and patients in a geographically defined, mixed
urban-rural practice setting. A clinically practical seven-fac-
tor scoring system to assess the risk of a composite PPC—
the likelihood of developing any complication in a list of
well-defined events—was internally validated.

To test the hypothesis of the geographic transportability
of the ARISCAT score to different but plausibly related'*?°
surgical populations, 63 European centers in 21 countries
prospectively recruited a new patient cohort for the Prospec-
tive Evaluation of a Rlsk Score for postoperative pulmonary
COmPlications in Europe (PERISCOPE) study. The aim of
this study was to measure the accuracy of ARISCAT score
predictions of PPCs in the PERISCOPE cohort overall and
in three subsamples of that cohort. Cohort splitting was
intended to reflect possible case-mix differences that might
appear with increased geographic distance from the setting

where the ARISCAT model was developed.

Materials and Methods

Study Design and Participants
The PERISCOPE cohort was established following a pro-
spective, observational multicenter design in which 63
European hospitals (appendix) volunteered to recruit surgi-
cal patients during continuous 7-day periods. Recruitment
within a center started on a date between May 2, 2011, and
August 15,2011, chosen on the basis of the local researchers’
convenience, and follow-up ended in November 2011. The
hospitals were identified through membership in the Euro-
pean Society of Anaesthesiology and approached directly
by national study coordinators. The study was registered at
www.clinical Trials.gov (identifier, NCT01346709).
Consecutive patients undergoing a nonobstetric in-hos-
pital elective or emergency surgical procedure under general,
neuraxial, or plexus block anesthesia were recruited. Exclu-
sion criteria were age under 18 yr, obstetric procedures or
any intervention during pregnancy, procedures in which
only local or peripheral nerve anesthesia would be used,
procedures outside an operating theater, procedures related
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to a previous postoperative complication, transplantation,
patients with preoperatively intubated trachea, and outpa-
tient procedures (hospital stay of <24 h).

Three numerically comparable subsamples were defined,
based on their geographic distance from the development
population as follows: Spain, Western Europe (WE), and
Eastern Europe (EE).

Ethical Considerations

Ethics requirements differed in the 21 countries, but formal
approval from a research ethics review board was applied for
and given in each. The locally responsible investigator also
applied for and obtained approval from the ethics commit-
tee of each participating hospital. Each center investigator
sent a scanned copy of the ethics committee approval to the
European Society of Anaesthesiology secretariat, where files
were centralized. Written informed consent to use the data
was obtained from each enrolled patient in all centers.

Organization, Data Collection, Variables of Interest, and
Quality Assurance

The international research team consisted of a steering com-
mittee and nationally and locally responsible investigators
on behalf of the European Society of Anaesthesiology.

Postoperative pulmonary complications were recorded
by the investigators throughout the postoperative hospital
stay up to a maximum of 5 weeks. Patients with PPCs were
identified by data collectors who consulted medical records
in real time, daily while they were being created, to find
events that fulfilled any PPC definition; they did not modify
a center’s customary management of patients. A structured
paper questionnaire was filled in for each patient; later,
information that could identify the patients was removed
before transfer to secure online record forms (OpenClinic
Optimized Cloud Hosting, Boston, MA), an electronic sys-
tem with quality control algorithms to validate data entry
and identify missing data. A central data manager checked
entries to confirm completeness of records and asked the
designated local contact person to provide additional infor-
mation if necessary.

Data for the seven risk factors described in the ARISCAT
model (table 1) were collected preoperatively by the anes-
thesiologist in charge of the patient after signed informed
consent had been given, as follows: age in years; peripheral
oxyhemoglobin saturation measured by pulse oximetry
(Spo,) breathing air in supine position after resting 1 min
or, in patients on oxygen, Spo, after 10 min without oxygen;
respiratory infection in the last month; hemoglobin concen-
tration; surgical incision site; surgical duration in hours; type
of surgery (scheduled or emergency).

Postoperative pulmonary complication was defined as
the occurrence of at least one event on a list of in-hospital
fatal or nonfatal PPCs (table 2). Thus, a patient was con-
sidered to have had a PPC when at least one of these events
was recorded. This outcome was therefore considered as a
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Table 1. The Seven ARISCAT Risk Predictors, 3 Regression
Coefficients, and Points Assigned*

p Regression

binary categorical variable (yes/no) for the purposes of
statistical analysis.
To compare subsamples, we also recorded administra-

Coefficients Score tive data (dates of surgery and discharge and vital status at
Age 1) discharge), general information (sex, height, and weight),
<50 0 0 preoperative variables (chronic pulmonary disease, smoking
51-80 0.331 3 status, hypertension, cerebrovascular disease, coronary artery
>80 1.619 16 disease, chronic heart failure, liver disease, chronic kidney
Preoperative Spo, disease, and physical status using the American Society of
296% 0 0 Anesthesiologists’ classification), and intraoperative variables
91-95% 0.802 8 (anesthetic technique and surgical specialty). Postoperative
<90% 2375 24 hospital length of stay and in-hospital postoperative mortal-
Respiratory infection in the last month . ospita 5 Y . pra P P
No 0 0 ity were followed up to a maximum of 90 days.
Yes 1.698 17
Preoperative anemia (Hb <10g/dl) Statistical Analysis
No 0 The sample size was calculated considering that at least 100
Yes 1.105 11 PPCs were needed in each of the three external validation
Surgical incision subsamples.?! The incidence of each PPC was calculated in
Peripheral 0 0 the PERISCOPE cohort (and its three subsamples: Spain,
:“:?gf;:f;i?cmmal ;223 ;2 WE, and EE), and the associations between number of PPCs
Duration of surgery (h) per patient and both length of hospital stay and in-hospital
< 0 0 mortality were assessed. Comparative analysis of demo-
2-3 1.593 16 graphic and clinical characteristics between the ARISCAT
>3 2.268 23 development sample versus the whole PERISCOPE cohort
Emergency procedure and each subsample was performed.
No 0 0 In the ARISCAT regression model (risk of PPC = 1/(1
Yes 0.768 8

*Three levels of risk were indicated by the following cutoffs: <26 points, low
risk; 26-44 points, moderate risk; and 245 points, high risk.

ARISCAT = Assess Respiratory Risk in Surgical Patients in Catalonia;
Hb = hemoglobin; Spo, = arterial oxyhemoglobin saturation by pulse oximetry.

+ g-lincar prediceor) “che Jinear predictor (Ip
[ coeflicients derived from the original regression model. A

) was built using

ariscat

risk score was also calculated for each patient by assigning
points derived by multiplying the regression coefficients by

Table 2. Postoperative Pulmonary Complication: Any One or More of the Following In-hospital Fatal or Nonfatal Postoperative
Respiratory Events

Respiratory failure
Postoperative Pao, <60 mmHg on room air, a ratio of Pao, to inspired oxygen fraction <300, or arterial oxyhemoglobin saturation
measured with pulse oximetry <90% and requiring oxygen therapy

Suspected pulmonary infection
Treatment with antibiotics for a respiratory infection, plus at least one of the following criteria:
New or changed sputum
New or changed lung opacities on a clinically indicated chest radiograph
Temperature >38.3°C
Leukocyte count >12,000/mm3
Pleural effusion

Chest radiograph demonstrating blunting of the costophrenic angle, loss of the sharp silhouette of the ipsilateral hemidiaphragm
(in upright position), evidence of displacement of adjacent anatomical structures, or (in supine position) a hazy opacity in one
hemithorax with preserved vascular shadows

Atelectasis

Suggested by lung opacification with shift of the mediastinum, hilum, or hemidiaphragm toward the affected area, and compensa-
tory overinflation in the adjacent nonatelectatic lung

Pneumothorax

Air in the pleural space with no vascular bed surrounding the visceral pleura
Bronchospasm

Newly detected expiratory wheezing treated with bronchodilators
Aspiration pneumonitis

Respiratory failure after the inhalation of regurgitated gastric contents

Pao, = partial pressure of oxygen in arterial blood.
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10, rounding to the nearest integer and adding the integers
(table 1). Three predicted risk groups were then defined
according to the cutoffs identified in the ARISCAT study’
by means of the minimum description length principle: <26
(low), 226 and <45 (intermediate), and 245 (high risk).

The model’s performance was then assessed by study-
ing discrimination, calibration, and clinical usefulness in
the PERISCOPE data set overall and the three subsamples
(Spain, WE, and EE). For measures of discrimination and
diagnostic accuracy, the ARISCAT clinical score was used,
whereas for calibration the linear predictor equation was
used because it gives a more accurate mathematical assess-
ment of each patient’s outcome risk.

Discrimination

Accurate predictions discriminate between patients with the
outcome and those without. The ability of the ARISCAT
score to rank patients with and without at least one PPC
was quantified with the c-statistic, which is the equivalent
of the area under receiver operating characteristic curve for a
dichotomous outcome variable.

Calibration

Calibration refers to the agreement between observed out-
comes and predictions. It can be broken down into two
components: a constant () and a coefficient (4), which rep-
resent, respectively, the intercept and the calibration slope
of a line plotting observed frequencies against predictions.*?
These two components can be calculated by logistic regres-
sion with the linear predictor as the only risk factor for the
outcome; this regression defines a new linear predictor:
1P ibraced Original.ZS’M The calibration slope (4) also
reflects the average effect of predictors in the outcome; the

=a+bxlp

adjusted value of the intercept (a) after setting the value of
b to 1 (assuming hypothetical optimal performance of pre-
dictors) reveals a systematic deviation (bias) of predictions.
Following these statistical premises, under the hypothesis
that the ARISCAT linear predictor (Ip .
valid PPC predictor, calibration was verified by performing
logistic regression in the complete PERISCOPE cohort and
in each geographic subsample, with lpmml

pendent variable and the observed PPC composite outcome

) was the only

. as the only inde-

as the dependent variable. From each of these regressions, we
obtained a new linear predictor (Ip_,  Jaslp_,. =z +
b x lp ... The PPC risk in each PERISCOPE subsample
was then expressed as follows (using a differenc Ip_, . for
each): Risk of PPC = 1/ (1 + e Palibraced). Finally, to reflect
the clinical implications of calibration, we also calculated
the predicted and observed PPC frequencies in each of the
PERISCOPE data sets according to the cutoffs for three lev-
els of risk.

Clinical Usefulness
The utility of a predictive model can be assessed by means
of measures of accuracy of outcome diagnosis (sensitivity,

Anesthesiology 2014; 121:219-31

Postoperative Complication Risk Score Validation

specificity, positive and negative likelihood ratios, and posi-
tive and negative predictive values). These measures of PPC
diagnostic accuracy were analyzed for intermediate and
high-risk scores compared to lower risk scores, respectively.

To adjust the ARISCAT score for the influence of Euro-
pean regional influence, we performed a logistic regression
with PPC occurrence as the dependent variable and the
ARISCAT score (three levels of risk) and geographic area
(Spain, WE, and EE) as independent variables. We also car-
ried out a supplementary exploration of the performance of
the ARISCAT model’s ability to predict single components
of the composite and alternative composite outcomes in the
PERISCOPE sample by calculating adjusted odds ratios for
each predictor and ¢-statistics for the each individual PPC
outcome and alternative composites.

The Mann—Whitney U test was used to compare means
and the chi-square test or Fisher exact test to compare per-
centages. The Kruskal-Wallis test was used to compare post-
operative length of stay between subgroups formed according
to the number of PPCs found. The Mantel-Haenszel test was
used to analyze trends in mortality rates between those sub-
groups. Statistical analyses were performed using the SPSS
Software package (IBM SPSS Statistics 19.0, Armonk, NY).
Categorical variables were expressed as number of cases, and
percentage and continuous variables were expressed as the
median and interquartile range. All performance measures
were expressed with 95% Cls.

Results

A total of 5,859 surgical patients were recruited by the par-
ticipating hospitals (fig. 1); 475 (8.1%) were lost because of
recruitment or protocol violations or missing follow-up data,
and 285 (4.9%) were lost due to missing data in candidate
risk factors (see table 1, Supplemental Digital Content 1,
http://links.lww.com/ALN/B55). The most important miss-
ing variables lost were Spo,, preoperative anemia (<10 g/dl),
and respiratory infection in the last month (see table 2,
Supplemental Digital Content 1, http://links.Iww.com/
ALN/B55). In the PERISCOPE cohort overall, 725 PPCs
were recorded in 404 patients (7.9% of the 5,099 patients
studied). Respiratory failure was the most frequent compli-
cation (241 patients, 4.7%), followed by pleural effusion
(159, 3.1%), atelectasis (122, 2.4%), pulmonary infection
(120, 2.4%), bronchospasm (42, 0.8%), pneumothorax
(29, 0.6%), and aspiration pneumonitis (12, 0.2%). Among
patients with PPCs, 263 (65%) had more than one compli-
cation and 141 (35%) had three or more. The time between
surgery and the first PPC recorded was 3 (2 to 6) days. In-
hospital mortality in the group of patients with at least one
PPC (8.3%) was significantly higher than in patients with
no PPC (0.2%; P < 0.0001).

Comparison of demographic and clinical characteris-
tics, PPC incidence, length of hospital stay, and mortality
between the ARISCAT development cohort (1,627 patients)
and the overall PERISCOPE cohort and subsamples are
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5,859 Eligible patients

409 Patients lost during recruitment
162, declined to give informed consent
32, already participating in another clinical trial
52, language or cognitive difficulties
21, logistical reasons
27, surgery was delayed or cancelled
13, early discharge
33, errors in recruitment procedure
5, another type of anesthesia was used
64, unknown reasons

5,450 Patients with case report form

35 lost for protocol violation detected by steering committee
30, informed consent form was obtained after surgery
5, surgery performed outside the recruitment week

5,415 Patients entering the study |

31 Lost to follow-up

5,384 Patients completing the study |

4' 285 Patients with missing data in candidate risk factors

| 5,099 Patients valid for the external validation study |

Spain centers
2,000

| 1,538

WE centers

EE centers
1,561

Fig. 1. Recruitment flowchart. Spain (N = 2,000): patients were recruited by hospitals in Catalonia and other Spanish communi-
ties; Western Europe (WE): patients were recruited by hospitals in Belgium (n = 126), France (n = 55), Germany (n = 441), Italy
(n = 549), Luxembourg (n = 77), Portugal (n = 253), and Switzerland (n = 37); Eastern Europe (EE): patients were recruited in
Albania (n = 133), Bosnia-Herzegovina (n = 53), Croatia (n = 73), Czech Republic (n = 173), Estonia (n = 158), Hungary (n = 58),
Latvia (n = 48), Lithuania (n = 359), Poland (n = 39), Romania (n = 303), Russia (n = 94), Turkey (n = 63), and Ukraine (n = 7) (for

details of hospitals participating, see appendix).

shown in table 3. The PPC incidence was higher in the over-
all PERISCOPE cohort and subsamples than in the ARIS-
CAT sample, but the in-hospital PPC-associated mortality
rate and postoperative length of stay were similar. Cardiac
and cerebrovascular comorbidities were higher in the PERI-
SCOPE cohort than in the ARISCAT development sample.
The relationships between length of stay and in-hospital
mortality and number of PPCs are shown in table 4.

The performance measures describing discrimination,
calibration, and clinical usefulness in each of the PERI-
SCOPE samples in which the ARISCAT model was tested
are shown in table 5. Predicted probabilities and observed
PPC frequencies in each of the PERISCOPE data sets are
shown in table 6, according to the ARISCAT score cutoffs
for three levels of risk.

The adjusted odds ratios for predictors in the ARIS-
CAT score and the c-statistics of the ARISCAT model for
each component of the composite outcome with over 100
events in the overall PERISCOPE cohort (respiratory fail-
ure, suspected pulmonary infection, pleural effusion, and
atelectasis) and for possible combinations of two, three, or
four PPC outcomes are shown in supplemental tables (see
Supplemental Digital Content 2, http://links.Iww.com/
ALN/B56). This supplemental analysis suggested that the
variables in the model with the highest odds ratios might
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also be good predictors in refitted predictive models for any
component of the PPC composite outcome. The adjustment
of the ARISCAT score for interaction with geographic area
is also shown (see table 1, Supplemental Digital Content 3,
hetp://links.Iww.com/ALN/B57). This analysis confirmed
first, that EE region was an independent risk factor for the
outcome and second, that there was an interactive positive
effect between WE region and the ARISCAT score’s predic-
tion of risk for the outcome.

Discussion

Before prognostic scores are adopted for clinical use outside
the development setting, they should be studied in new pop-

ulations!?2>26;

yet to our knowledge, this is the first study in
which a PPC risk score has been validated externally.

Our study of the performance of the seven-factor ARIS-
CAT score (table 1) in patient samples that were progres-
sively distant from the development setting provides an
intermediate level of evidence according to the definition of
Justice et al,"® supporting the use of this model for PPC
risk prediction in a broad European surgical population in
which the observed incidence of PPCs fell within the ranges
reported for similar settings.*? The results in each external
sample additionally illustrate the degree to which external
validation has potential clinical significance, as it suggests
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Table 3. Demographic and Clinical Characteristics: Differences between the ARISCAT Development Sample and the PERISCOPE
Cohort and Subsamples

ARISCAT PERISCOPE PERISCOPE Subsamples
Development Sample Overall Spain WE EE
(N =1,627) (N =5,099) (N =2,000) (N =1,538) (N =1,561)

Age (yr), median (IQR)
Age (yr)
<50
51-80
>80
Sex, male
Body mass index
(kg/m?), median (IQR)
Smoking status
Never smoker
Former smoker
Current smoker
COPD
Functional status
Independent

Partially/totally
dependent

Hypertension
Heart failure
Coronary artery disease
Cerebrovascular disease
Liver disease
Chronic kidney disease
Respiratory infection in
the last month
Preoperative Spo, (%),
median (IQR)
Preoperative Spo,
<90%
91-95%
>96%
Anemia (<10g/dl)
ASA physical status
1
2
3
4
Anesthesia

General and combinedt

Neuraxial/regional
Emergency surgery
Surgical specialty

60.4 (45.4-72.7)

527 (32.45%)

932 (57.3%)

168 (10.3%)

830 (51.0%)
(

26.2 (23.5-29.3)

813 (50.0%)
486 (29.9%)
328 (20.1%)
192 (11.8%)

1,456 (89.5%)
171 (10.5%)

576 (35.4%)
120 (7.4%)
117 (7.2%)
61 (3.7%)
72 (4.4%)
43 (2.6%)
93 (5.7%)

97 (96-98)

41 (2.5%)
335 (20.6%)
1,249 (76.8%)
105 (6.5%)

434 (26.7%)

867 (53.3%)

287 (17.6%)
39 (2.4%)

885 (54.4%)
742 (45.6%)
232 (14.3%)

59.1 (44.9-70.9)

1,763 (34.6%)

2,944 (57.7%)

392 (7.7%)

2,606 (51.1%)
(

26.2 (23.4-29.4)

2,674 (52.5%)
1,245 (24.4%)"
1,180 (23.1%)

517 (10.1%)

4,561 (89.4%)
538 (10.6%)

2,191 (43.0%)"*
800 (15.7%)*
647 (12.7%)*
654 (12.8%)*
292 (5.7%)
258 (5.1%)"

(

287 (5.6%)

97 (96-99)

5 (1.3%)
17.7%)
81.0%)
4.4%)

903
4,131
223

—~ e~ o~

1,115 (21.8%)"
2,604 (51.1%)
1,280 (25.1%)*
100 (2.0%)
3,890 (76.3%)"
1,209 (23.7%)*
566 (11.1%)

62.1 (48.02-73.8)*

592 (29.6%)

1,190 (59.5%)

218 (10.9%)

1,054 (52.7%)
(

26.4 (23.8-29.4)

962 (48.1%)
589 (29.5%)
449 (22.4%)
237 (11.9%)

1,767 (88.4%)
233 (11.6%)

829 (41.5%)*
266 (13.3%)*
188 (9.4%)"
247 (12.4%)*
108 (5.4%)
107 (5.4%)"
111 (5.6%)

97 (96-98)

37 (1.9%)
423 (21.1%)
1 540 (77.0%)
90 (4.5%)
367 (18.4%)"
1,064 (53.1%)
529 (26.5%)*
40 (2.0%)

1,343 (67.2%)"
657 (32.8%)"

222 (11.1%)

58.4 (45.5-69.9)

519 (33.7%)
907 (59.0%)
112 (7.3%)
778 (50.6%)
(

25.3 (22.7-28.7)*

799 (52.0%)
384 (25.0%)
355 (23.0%)
151 (9.8%)

1,429 (92.9%)
109 (7.1%)

642 (41.7%)
167 (10.9%)*
161 (10.5%)*
192 (12.5%)*
87 (5.7%)
76 (4.9%)
69 (4.5%)

98 (96-99)*

7 (1.1%)
212 (13.8%)*
1 309 (85.1%)"
63 (4.1%)

355 (23.1%)

814 (52.9%)

338 (22.0%)
31 (2.0%)

1,352 (87.9%)*
186 (12.1%)
110 (7.2%)"

54.7 (39-67.3)"

652 (41.8%)"

847 (54.3%)
62 (4.0%)*

774 (49.6%)

26.6 (23.4-29.9)

913 (58.5%)"
272 (17.4%)*
376 (24.1%)
129 (8.3%)

1,365 (87.4%)
196 (12.6%)

720 (64.1%)*
367 (23.5%)
298 (19.1%)*
215 (13.8%)*

97 (6.2%)

75 (4.8%)
107 (6.9%)

*

98 (96-99)*

11 (0.7%)"

268 (17.2%)

1,282 (82.1%)
70 (4.5%)

393 (25.2%)

726 (46.5%)"

413 (26.4%)"
9 (1.9%)

1,195 (76.6%)"
366 (23.4%)"
234 (15.0%)

Orthopedic 547 (33.6%) 998 (19.6%)* 519 (26.0%)* 273 (17.8%)* 206 (13.2%)*
General and digestive 469 (28.8%) 1,362 (26.7%) 493 (24.7%) 334 (21.7%)* 535 (34.3%)
Urology 181 (11.1%) 674 (13.2%) 313 (15.7%)* 181 (11.8%) 180 (11.5%)
Gynecology 118 (7.3%) 426 (8.4%) 156 (7.8%) 113 (7.3%) 157 (10.1%)
Ear, nose, throat 88 (5.4%) 307 (6.0%) 98 (4.9%) 149 (9.7%)" 60 (3.8%)
Vascular 61 (3.7%) 201 (3.9%) 59 (3.0%) 67 (4.4%) 75 (4.8%)
Breast 63 (3.9%) 153 (3.0%) 48 (2.4%) 88 (5.7%) 17 (1.1%)*
Cardiac 33 (2.0%) 161 (3.2%) 58 (2.9%) 63 (4.1%)* 40 (2.6%)
Thoracic 20 (1.2%) 142 (2.8%) 61 (3.1%) 46 (3.0%) 35 (2.2%)
Neurosurgery 19 (1.2%) 320 (6.2%)* 90 (4.5%)* 86 (5.6%)" 144 (9.2%)*
Other 28 (1.7%) 355 (7.0%)* 105 (5.3%)* 138 (9.0%)* 112 (7.2%)*
(Continued)
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Table 3. (Continued)
ARISCAT PERISCOPE PERISCOPE Subsamples
Development Sample Overall Spain WE EE
(N =1,627) (N =5,099) (N =2,000) (N =1,538) (N =1,561)
Surgical incision
Peripheral 1,341 (82.4%) 2,695 (72.5%)* 1,439 (72.0%)* 1,164 (75.7%)* 1,092 (70.0%)*
Upper abdominal 231 (14.2%) 1,092 (21.4%)* 442 (22.0%)* 262 (17.0%)* 388 (24.9%)*
Intrathoracic/cardiac 55 (3.4%) 312 (6.1%)* 119 (6.0%) 112 (7.3%)* 81 (5.1%)
Duration of surgery (h), 2(0.7-1.9) 1.3 (0.8-2.3)* 4(0.9-2.3) 1.5 (0.8-2.4)* 1.3(0.8-1.9)
median (IQR)
Duration of surgery (h)
<2 1,282 (78.8%) 3,657 (71.7%) 1,393 (69.7%) 1,042 (67.8%) 1,222 (78.3%)
2-3 192 (11.8%) 748 (14.7%) 300 (15.0%) 239 (15.5%) 209 (13.4%)
>3 153 (9.4%) 694 (13.6%)* 307 (15.3%)* 257 (16.7%)* 130 (8.3%)
Postoperative length of 3(1-7) 4 (2-7) 3 (2-7) 4 (2-7) 4 (2-7)
stay (d), median (IQR)
Postoperative pulmonary 1 (4.4%) 404 (7.9%)* 114 (5.7%) 126 (8.2%)* 164 (10.5%)*
complications
In-hospital mortality 6 (1.0%) 5 (0.9%) 9 (1.0%) 2 (0.8%) 4 (0.9%)
ARISCAT score, 11 (3-24) 5 (3-26) 16 (3-28) 1(3-26) 4 (3-26)
median (IQR)
ARISCAT score, range 0-101 0-95 0-81 0-95 0-76

Data are number of patients (%) unless otherwise stated.

*Comparison between the ARISCAT development subsample' and the PERISCOPE samples (overall, Spain, WE, and EE), P < 0.0001. tThis category
included general anesthesia alone and general anesthesia combined with regional blockade.

ARISCAT = Assess Respiratory Risk in Surgical Patients in Catalonia; ASA = American Society of Anesthesiologists; COPD = chronic obstructive pulmonary
disease; EE = Eastern Europe; IQR = interquartile range; PERISCOPE = Prospective Evaluation of a RIsk Score for postoperative pulmonary COmPlications
in Europe; SpO, = oxyhemoglobin saturation measured by pulse oximetry breathing air in supine position; WE = Western Europe.

(c-statistic, 0.89),! also showed good discrimination in the
overall PERISCOPE sample (e-statistic, 0.80). Discrimina-
tion was even better or equally good in the WE and Spain

that even a validated score may need further adjustments for
populations with characteristics that diverge from those pre-
viously studied.?327-28

The ARISCAT score, which had shown very good abil-

ity to discriminate PPC risk in the development sample

samples. The c-statistic in the EE subsample (0.76) was only
moderately good.

Table 4. Postoperative Length of Hospital Stay and Mortality According to Number of PPCs

No. of PPCs
PERISCOPE Cohort and Subsamples 0 1 2-3 >4 Total No. of Patients
Overall
No. of patients 4,695 (92.0%) 141 (2.8%) 178 (3.5%) 85 (1.7) 5,099 (100%)
Postoperative LOS, median (IQR), d 4 (2-7) 8 (5-11) 9 (6-17) 14 (8-26) 4 (2-7)
In-hospital mortality, n (%)t 1(0.2%) 2 (1.4%) 12 (6.7%) 20 (23.5%) 45 (0.9%)
Spain
No. of patients 1,886 (94.3) 36 (1.8) 54 (2.7) 24 (1.2) 2,000 (100%)
Postoperative LOS, median (IQR), d 3 (1-6) 8 (6.25-11) 12 (7-20.25) 16.5 (8.25-43.25) 3(2-7)
In-hospital mortality, n (%)t 8 (0.4%) 0 (0%) 5(9.3%) 6 (25.0%) 19 (1.0%)
WE
No. of patients 1,412 (91.8) 52 (3.4) 49 (3.2) 25 (1.6) 1,538 (100%)
Postoperative LOS, median (IQR), d 4 (2-7) 8 (6-12) 10 (6-19.5) 14 (9.5-32) 4 (2-7)
In-hospital mortality, n (%)t 1(0.1%) 1(1.9%) 4 (8.2%) 6 (24.0%) 12 (0.8%)
EE
No. of patients 1,397 (89.5) 53 (3.4) 75 (4.8) 36 (2.3) 1,561 (100%)
Postoperative LOS, median (IQR), d 4 (2-7) 6 (3-11) 8 (5-14) 11 (7-15.75) 4 (2-7)
In-hospital mortality, n (%)t 2 (0.1%) 1(1.9%) 3 (4.0%) 8 (22.2%) 14 (0.9%)

*Kruskal-Wallis test for comparing means, P < 0.0001. TMantel-Haenszel test for mortality trend, P < 0.0001.

EE = Eastern Europe; IQR =

interquartile range; LOS =

COmPlications in Europe; PPC = postoperative pulmonary complication; WE = Western Europe.
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Table 5. The ARISCAT Model’s Performance in the Overall PERISCOPE Cohort and the Subsamples: Discrimination, Calibration, and

Clinical Usefulness

Overall Spain WE EE
Sample size 5,099 2,000 1,638 1,561
PPC incidence 7.92% 5.70% 8.19% 10.51%

Discrimination

(7.20-8.70%)

c-statistic 0.80
(0.78-0.82)
Calibration
Slope b 0.63
(0.57-0.69)
Intercept a (for b = 1) 0.66
(0.64-0.72)
Clinical usefulness measures
Cutoff >26
Sensitivity 69.31%
(64.56-73.77%)
Specificity 75.25%
(73.99-76.48%)
Positive likelihood ratio 2.80
(2.58-3.04)
Negative likelihood ratio 0.41
(0.35-0.47)
Positive predictive value 19.42%
(17.41-21.56%)
Negative predictive value 96.61%

(95.97-97.17%)

Cutoff 245
Sensitivity 34.90%
(30.25-39.77%)
Specificity 95.10%
(94.44-95.77%)
Positive likelihood ratio 712
(5.93-8.56)
Negative likelihood ratio 0.68
(0.64-0.74)
Positive predictive value 38.01%
(33.04-43.16%)
Negative predictive value 94.44%

(93.75-95.07%)

(4.72-6.81%)

(6.87-9.68%)

(9.03-12.13%)

0.80 0.87 0.76
(0.77-0.84) (0.83-0.90) (0.72-0.80)
0.62 0.81 0.58
(0.51-0.74) (0.69-0.93) (0.48-0.68)
0.06 0.65 1.44
(~0.02 to 0.14) (0.57-0.73) (1.35-1.53)
76.32% 82.54% 54.27%
(67.44-83.78%) (74.77-88.72%) (46.32-62.06%)
69.99% 76.56% 81.03%
(67.86-72.05%) (74.26-78.75%) (78.87-83.06%)
2.54 3.52 2.86
(2.25-2.88) (3.11-3.99) (2.40-3.42)
0.34 0.23 0.56
(0.24-0.47) (0.16-0.33) (0.48-0.67)
13.32% 23.91% 25.14%
(10.81-16.17%) (19.97-28.20%) (20.71-30.00%)
98.00% 98.01% 93.79%

(97.10-98.67%)

(97.00-98.75%)

(92.27-95.08%)

35.09% 52.38% 21.34%
(26.38-44.59%) (43.30-61.35%) (15.34-28.41%)
93.70% 95.47% 96.64%
(92.50-94.75%) (94.25-96.49%) (95.55-97.52%)
5.56 11.56 6.34
(4.10-7.54) (8.63-15.47) (4.22-9.53)
0.69 0.50 0.81
(0.61-0.79) (0.42-0.60) (0.75-12.13)
25.16% 50.77% 42.68%
(18.62-32.64%) (41.86-59.64%) (31.82-54.09%)
95.98% 95.74% 91.28%

(94.98-96.83%)

(94.55-96.73%)

(89.72-92.67%)

ARISCAT = Assess Respiratory Risk in Surgical Patients in Catalonia; EE = Eastern Europe; PERISCOPE = Prospective Evaluation of a RIsk Score for post-
operative pulmonary COmPlications in Europe; PPC = postoperative pulmonary complications; WE = Western Europe.

While discrimination values check that the model has
good ability to stratify patients according to risk, calibration
provides information on the degree to which observed fre-
quencies of outcomes deviate from predicted in a particular
population. The calibration slope & was significantly lower
than the ideal (4 = 1) in all PERISCOPE subsamples studied
(table 5). Although this finding is potentially attributable to
the optimism inherent in nearly every model,?? it may also
be a consequence of a real difference in the effects of predic-
tors in the new populations. In the WE subsample, where
the score performed best, the calibration slope was over 0.8,
while in the EE subsample, the slope was under 0.6, suggest-
ing that the coeflicients of the ARISCAT predictors might
require recalibration in a population represented by this
subsample. Intercept values significantly different from 0 in
the EE and the WE subsamples in this analysis suggest that

Anesthesiology 2014; 121:219-31

factors other than the ARISCAT score’s predictors probably
play a role. Specifically, differences in case mix between the
PERISCOPE and development samples (table 3)—such as
different rates of underlying cardiovascular disease or differ-
ent distributions of surgical procedures and anesthesia tech-
niques—could explain the significant differences in the PPC
incidences, as well as differences in the intercepts between
PERISCOPE subsamples. This hypothesis seems strong
based on our supplemental analysis (table 1, Supplemen-
tal Digital Content 3, http://links.lww.com/ALN/B57) to
explore interaction between the ARISCAT score’s prediction
of PPC risk and geographic area. Significant risk in the EE
region is evident even after adjustment, but the odds ratio
implies that there are additional unknown risk factors in this
area. The analysis also revealed a positive interaction between
the score’s prediction of risk and WE geographic zone; put
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Table 6. ARISCAT-predicted PPC Rates (95% Cls) and Observed Rates in the Overall PERISCOPE Cohort and Subsamples

according to Level of Risk

ARISCAT Risk Cutoffs* <26 26-44 >45 All Patients
Overall
Predicted 0.87% (0.85-0.89%) 7.82% (7.57-8.11%) 38.13% (36.41-39.84%) 5.04% (4.74-5.34%)
Observed 3.39% (2.89-3.89%) 12.98% (12.06-13.90%) 38.01% (36.68-39.34%) 7.92% (7.18-8.66%)
Spain
Predicted 0.91% (0.87-0.95%) 7.95% (7.56-8.33%) 36.11% (33.80-38.43%) 5.45% (4.98-5.91%)
Observed 2.00% (1.39-2.61%) 9.51% (8.22-10.80%) 25.16% (23.26-27.06%) 5.70% (4.68-6.72%)
WE
Predicted 0.79% (0.75-0.83%) 7.85% (7.38-8.32%) 39.36% (36.16-42.60%) 5.45% (4.84-6.06%)
Observed 1.99% (1.29-2.69%) 12.46% (10.81-14.11%) 50.77% (48.27-53.27%) 8.19% (6.87-9.51%)
EE
Predicted 0.89% (0.85-0.93%) 7.57% (7.07-8.07%) 40.07% (36.27-43.87%) 4.11% (3.62-4.60%)
Observed 6.21% (5.01-7.41%) 19.85% (17.87-21.83%) 42.68% (40.23-45.13%) 10.51% (8.99-12.03%)

*An ARISCAT score of <26 indicated low risk; a score of 26-44, mid-level risk; and a score =45, high risk.

ARISCAT = Assess Respiratory Risk in Surgical Patients in Catalonia; EE = Eastern Europe; PERISCOPE = Prospective Evaluation of a RIsk Score for post-
operative pulmonary COmPlications in Europe; PPC = postoperative pulmonary complication; WE = Western Europe.

another way, the ARISCAT score performed best in this
region, even better than in the Spanish cohort. It has been
noted that external validation studies should be undertaken
in patient samples that are different but plausibly related to
the development sample,'”! but the scientific community
has unfortunately not come to agreement on a definition for
this combination of difference and relation in case mix. In
other words, the number, or proportion, of candidate predic-
tors not finally included in the model that should be similar
in an external sample for it to serve for validation purposes
has not been made explicit.

Likelihood ratios (table 5) are the measures that best sum-
marize the usefulness of a prognostic test. Thus, the risk for
PPC of a patient with a score of 45 or more (high) is 5 to
11 times higher than the risk of a patient with a lower score;
a patient with a score below 26 has a level of risk from two
to four times lower than others with higher scores. These
results allow us to define the score as a tool with moderate
to good clinical utility to estimate the risk of complications.
It should be noted that apparently modest predictive val-
ues that would not be acceprable in diagnostic tests, where
accuracy is essential, may still be very helpful in prognostic
models, which are used in preoperative visits to predict a
complication risk higher than average.

This first study to externally validate a PPC risk score has
several strengths. First, we followed a prospective design call-
ing for careful data collection in an appropriately large sam-
ple of patients from a wide spectrum of European countries
and surgical settings. Second, by dividing the PERISCOPE
cohort into three subsamples that were progressively distant
from the development setting, we were able to illustrate the
degree to which a model might behave somewhat differently
in each one, a reminder of the importance of external valida-
tion generally speaking and of the demanding calibration step
in particular. This calibration differentiates between miscali-
bration attributable to potential predictors not included in
the model (when the intercept « differs significantly from 0)
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and miscalibration attributable to different weights of the
predictors (when the slope & differs significantly from 1).

Concerning limitations, we are aware of the low repre-
sentativeness of the samples with respect to the geographic
areas in which they were obtained. This limitation prevents
us from extrapolating definite conclusions as to the extent to
which recalibration might be required in each of the areas
we studied. Such recalibration might be useful, with a view
to optimizing the usefulness of the model in particular set-
tings. A second possible limitation is that some PPCs might
not have been detected in patients discharged early, but this
hypothetical bias is inherent to every study with in-hospital
follow-up. We think it would have had only a minor effect in
this study, given that the candidates for early discharge would
have been patients undergoing less invasive procedures and
those showing a more favorable course. Finally, a composite
outcome, of the type the ARISCAT score predicts, might
be considered a controversial choice. However, such com-
posites mimic clinicians’ weighting of several risk factors at
once or in series; thus, we think this approach reflects the
real conditions of clinical practice during the period when
decisions affecting perioperative management are taken. Our
confirmation that the length of hospital stay and in-hospital
mortality increase as PPCs rise in number in the external
samples (table 4) underlines the importance of a patient’s
development of any single respiratory event included in the
composite. Moreover, the results of the exploratory analysis
of the ARISCAT score’s prediction of single components of
the composite outcome (Supplemental Digital Content 3,
heep://links.lww.com/ALN/B57) suggested that the most
powerful predictors in the ARISCAT model would also be
good predictors in a refitted predictive model for any com-
ponent of the composite.

We conclude that assessing the seven easily recordable
and clinically accessible factors identified by the ARISCAT
score (age, preoperative Spo2 in air, respiratory infection
in the last month, preoperative anemia, upper abdominal
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or intrathoracic surgical incision, duration of surgery, and
emergency procedure) is useful for differentiating three levels
of PPC risk in hospitals outside the development setting,
although performance differs significantly between geo-
graphic areas. That ability to distinguish risk makes the score
a validated starting point for controlled trials and audits of
risk-reduction strategies. Even so, we advise clinicians to use
this scale cautiously when predicting risk for an individual
patient, given that the calibration of the model is subopti-
mal in some geographic contexts. Recalibration can optimize
performance of the score for use in homogeneous popula-
tions with well-defined characteristics.
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