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Abstract

Background

The Preoperative Score to Predict Postoperative Mortality (POSPOM) based on preopera-
tively available data was presented by Le Manach et al. in 2016. This prognostic model con-
siders the kind of surgical procedure, patients’ age and 15 defined comorbidities to predict
the risk of postoperative in-hospital mortality. Objective of the present study was to validate
POSPOM for the German healthcare coding system (G-POSPOM).

Methods and findings

All cases involving anaesthesia performed at the University Hospital Bonn between 2006 and
2017 were analysed retrospectively. Procedures codified according to the French Groupes
Homogeénes de Malades (GHM) were translated and adapted to the German Operationen-
und Prozedurenschliissel (OPS). Comorbidities were identified by the documented Interna-
tional Statistical Classification of Diseases (ICD-10) coding. POSPOM was calculated for the
analysed patient collective using these data according to the method described by Le Man-
ach et al. Performance of thereby adapted POSPOM was tested using c-statistic, Brier score
and a calibration plot. Validation was performed using data from 199,780 surgical cases.
With a mean age of 56.33 years (SD 18.59) and a proportion of 49.24% females, the overall
cohort had a mean POSPOM value of 18.18 (SD 8.11). There were 4,066 in-hospital deaths,
corresponding to an in-hospital mortality rate of 2.04% (95% CIl 1.97 to0 2.09%) in our sample.
POSPOM showed a good performance with a c-statistic of 0.771 and a Brier score of 0.021.

Conclusions

After adapting POSPOM to the German coding system, we were able to validate the score
using patient data of a German university hospital. According to previous demonstration for
French patient cohorts, we observed a good correlation of POSPOM with in-hospital
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mortality. Therefore, further adjustments of POSPOM considering also multicentre and
transnational validation should be pursued based on this proof of concept.

1. Introduction

In 2012 there was an estimate of 312 million surgical procedures performed worldwide, with
increasing cases over the last years [1]. Although overall perioperative mortality had declined,
complication rates are still high especially among elderly patients and those exhibiting various
and severe comorbidities, leading to 4.2 million patients dying within 30 days of surgery world-
wide per year. Numerous studies investigated perioperative death, revealing mortality rates rang-
ing from 0.5% in the International Surgical Outcomes Study (ISOS, total in-hospital mortality)
over 1.3% in the Vascular Events In Noncardiac Surgery Patients Cohort Evaluation (VISION,
total postoperative 30-day mortality) up to 1.85% in the American College of Surgeons National
Surgical Quality Improvement Program database (ACS-NSQIP, total postoperative 30-day mor-
tality) [2-6]. Therefore, it is imperative to further control perioperative mortality, utilizing evi-
dence-based best practice. In this regard, clinical decision making as well as risk communication
in surgery and anaesthesia both rely on the precise prognosis of perioperative mortality [7].

Various tools have been developed and validated to help physicians weighing risks and benefits
especially of elective surgery. However, many of those scoring systems are either time-consuming
and therefore difficult to implement into clinical routine, or they do have considerable limitations.
While some scores solely focus on the surgical procedure itself, others only evaluate the patients’
physical status and comorbidities [8]. One prominent example is the widely acknowledged and
commonly used American Society of Anesthesiologists Physical Status score (ASA-PS) [9]. Based
on the individual assessment of the anaesthesiologist, patients are allocated to six major risk
groups on a rather subjective judgement [10]. A further limitation results from ASA Score neither
considering the kind of surgery nor patient’s age. Other scoring systems such as the Physiological
and Operative Severity Score for the enumeration of Mortality (POSSUM) and its modifications
rely on intraoperative details that cannot be obtained prior to surgery [11, 12].

In 2016, Le Manach et al. presented the Preoperative Score to Predict Postoperative Mortal-
ity (POSPOM) [13]. The authors’ aim was to develop an objective, yet easy-to-use score exclu-
sively relying on preoperatively available information. The score is derived from the types of
surgical procedures requiring anaesthesia, covering emergency as well as elective operations.
In addition, patients’ age and significant comorbidities contribute to the POSPOM value. The
latter is an individual score value, indicating the patient’s risk for postsurgical in-hospital
death. The POSPOM was derived from data of hospitals all over France performing at least
500 surgical procedures in adults within the year 2010. By involving a total of more than 5.5
million patient data sets in either a derivation or validation cohort, Le Manach et al. generated
and validated a convincing prognostic model.

Despite the general availability of the required data, the POSPOM has not been validated
for the German healthcare system and therefore cannot be routinely used in Germany. It was
our aim to enable the application of the POSPOM by adapting it to the national coding system
further referred to as G-POSPOM and to validate its prognostic power on data of a large
patient sample from a German university hospital.

2. Materials and methods

Adaptation of the POSPOM to the German healthcare coding system was performed by retro-
spective calculation, based on patient data extracted from the anonymized data set following
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§21 Krankenhausentgeltgesetz (KHEntgG, German hospital fees act), which is used for billing
purposes [14].

Ethical approval for this study was waived by the Ethics Committee of the University Hos-
pital Bonn (084/20) because according to the Professional Code of Conduct of the Medical
Association of North Rhine-Westphalia §15 the approval is not necessary for a retrospective
analysis [15]. This waiver also waived the requirement for informed consent.

Patient selection

All surgical procedures or interventions involving anaesthesia performed on adult patients (at
least 18 years of age) at the University Hospital Bonn, Germany, between January 1st 2006 and
December 31st 2017 were identified. Data required for the calculation of the POSPOM were
collected by reviewing the institutional §21 KHEntgG electronic database, which was accessed
by the authors on July 4th 2018. Age, hospital-intern-tag (anonymized), OPS-Codes, ICD-
Codes, dates of stay and cause of discharge were extracted. Random samples were checked
with the hospital information system. Investigated endpoints were patients’ discharge or in-
hospital death. Death after hospital discharge was not taken into account. The POSPOM vari-
ables are included in S1 Table.

The French Groupes Homogénes de Malades (GHM) coding system as the national equiva-
lent to the German Diagnosis Related Groups (DRG) contains both information on diseases
and comorbidities according to the Classification Internationale des Maladies (CIM-10, corre-
sponding to the International Statistical Classification of Diseases 10th Revision [ICD-10]) and
on surgical and interventional procedures according to the Classification Commune des Actes
Meédicaux (CCAM). GHM codes used by Le Manach et al. for the respective CCAM had to be
translated into the German Surgery and Procedure coding system (Operationen- und Proze-
durenschliissel (OPS)) [16, 17]. French index surgeries were manually assigned to German
OPS equivalents. Inconclusive surgical procedures were reviewed by specialist surgeons of the
corresponding departments. Patients that underwent multiple surgeries had their first index
surgery assigned. In case of a patient having more than one relevant index procedure encoded
at the same time, we assigned the surgery scoring the most POSPOM points. Comorbidities
were coded using ICD-10. Due to its similarity to the French system, ICD codes were reviewed
but not modified [18]. Afterwards, the POSPOM values were calculated as shown by Le Man-
ach et al. (S1 Table). Patients were excluded from analyses if any of the POSPOM variables
were not attainable for a patient during the investigation period.

This report complies with the Strengthening the Reporting of Observational Studies in Epi-
demiology (STROBE) guidelines for observational cohort studies as stated in S2 Table [19].

Statistical analysis

Statistical performance and accuracy of the prognostic model was measured testing discrimi-
nation and calibration. Discrimination was checked and visualized by a receiver operating
characteristic (ROC) analysis and calculation of its area under the curve (AUC), also termed c-
statistic [20]. Possible values of the AUC vary from 0.5 (no predictive ability) to 1.0 (perfect
predictive ability). The Brier score assesses the overall accuracy (discrimination and calibra-
tion), ranging from 0 (implying perfect prediction) to 1 (worst possible prediction). Calibra-
tion was visualized via a calibration plot in which a gradient of 1 with the diagonal crossing the
origin equals perfect calibration.

All analyses were carried out using the software R (Version 3.5.0 (http://www.r-project.
org), last date accessed: January 23, 2020) under creative common license and the affiliated
packages ggplot2, dplyr, and pROC [21-23].
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3. Results

A total of 357,861 surgical cases during the time period between January 1st 2006 and Decem-
ber 31st 2017 were identified from the institutional data base at the University Hospital Bonn.
Of those cases, 115,281 had no index procedures relevant for the POSPOM and were therefore
excluded from further analyses. These were mainly interventions during intensive care ther-
apy, patients undergoing electroconvulsive treatment, or patients having received minor inter-
ventions such as biopsies. 41,836 cases were excluded as the patients were younger than 18
years. Finally, 964 cases showed an incomplete dataset with at least one missing relevant infor-
mation, resulting in a POSPOM not being able to be calculated. Fig 1 shows the patient flow
chart diagram.

We included a total of 199,780 patient cases along with 4,053 in-hospital deaths into our
study, resulting in a hospital mortality of 2.04% (95% CI 1.97 to 2.09%). In our cohort 98,376
patients (49.24%) were female and 101,394 patients (50.75%) were male with an in-hospital
mortality of 1.73% and 2.33% respectively. The highest score value observed was 49 POS-
POM-Points. Mean POSPOM value in our cohort was 18.18 (SD 8.11), the median POSPOM
was 18 points. Women had a mean POSPOM of 16.96 (SD 7.90) and men a higher mean of
19.35 (SD 8.14). Mean age was 56.33 (SD 18.59) years, and the median age was 59 years. Mean
age of male patients was 58.38 (SD 17.45) years, while the median age was 61 years. Woman
had a mean age of 54.25 (SD 19.47) years and a median age of 55 years. In total, 3,631,032 POS-
POM points were applied to our patient cohort. Of those, 354,229 points (9.76%) were scored
for comorbidities, 1,531,337 points (42.17%) for age, and 1,745,466 points (48.07%) were
scored for surgeries.

In our study population, the accordingly adapted G-POSPOM system showed a c-statistic
0f 0.771 and a Brier score of 0.021. Fig 2 displays the area under the curve (AUC) for the
receiver operating characteristics analysis (ROC). Fig 3 shows the calibration plot. The plot
indicates an underestimation of mortality in the area below 5% mortality and an overestima-
tion of mortality above this threshold.

Entire cohort: ’

n=357,861
Excluded patients (n= 158,081)
¢ 964 incomplete patient data

) ¢ 41,836 age under 18 years
¢ 115,281 procedures without relevant
anesthesia
v
Final cohort:
n= 199,780
4066 deceased 195,714 survived
(2.035%) (97.965%)

Fig 1. Patient flow chart. Procedures without relevant anaesthesia include mainly patients of intensive care, patients
who received electroconvulsion therapy or minor interventions as biopsies.

https://doi.org/10.1371/journal.pone.0245841.9001
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Fig 2. Receiver operating characteristic (ROC) curve. The ROC curve shows the false positive rate on the X-axis and the
true positive rate on the Y-axis. The optimum is an area under the curve (AUC) of 1.

https://doi.org/10.1371/journal.pone.0245841.g002

Fig 4 shows the distribution of the POSPOM values at the University Hospital Bonn in rela-
tion to the observed in-hospital mortality. Fig 5 compares this distribution to the one in the
French population as described by Le Manach et al. We also compared these two groups
regarding in-hospital mortality (Fig 6). In our cohort, 22.49% of the patients scored 10 points
or less, while 31.5% of the French study sample received such a low score. 25.26% of the
patients in the university hospital of Bonn scored 25 points or more, compared to approxi-
mately 10% of the patients in the French cohort. Mortality in our study population was 0.31%
at a score of 10 POSPOM points, 1.39% at 20 POSPOM points, 6.35% at 30 POSPOM points
and 18,37% at 40 POSPOM points, compared to 0%, 0.2%, 6% and 23%, respectively, in the
French study population of Le Manach et al. (S3 Table)

4. Discussion

Our study demonstrates that the POSPOM, originally derived from French data, can success-
tully be transferred into other national healthcare systems, in our case by matching to the
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Fig 3. Calibration plot with predicted and observed in-hospital mortality for POSPOM. The bisectrix equals perfect calibration.

Black dots represent the observed values. The blue line is the line of best fit using linear regression. Grey shade shows the confidence
interval.

https://doi.org/10.1371/journal.pone.0245841.9003

German OPS coding. Thereby the adapted G-POSPOM may accurately predict postoperative
in-hospital mortality.

With an increased incidence of perioperative complications in defined groups of patients
and procedures, accurate risk prediction becomes crucial not only for communicating the
imminent risk of surgery to patients, but also for clinical decision making and risk manage-
ment. There will always be deviation in a subjective score such as the ASA and added objective
scores can help to detect patients at risk and prevent misjudgement especially in cases of
uncertainty. G-POSPOM does not substitute clinical decision making, but it might be a helpful
tool to add an additional view to the clinical decision.

While various established risk assessment scores appraise either solely the patient or the
procedure, Le Manach et al. developed an easy-to-implement scoring system covering both
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Fig 4. Distribution of the POSPOM scores in the cohort of Bonn University Hospital (n = 199,780) in relation to
the observed in-hospital mortality rate at each POSPOM value between 0 and 40.

https://doi.org/10.1371/journal.pone.0245841.g004

surgery as well as patient-specific variables from the French National Hospital Discharge Data
Base (NHDBB) system to provide a precise prediction of the patient’s individual risk for post-
operative death. To use the potential of the POSPOM as a valuable tool in clinical decision
making also outside France, it needs to be adapted to the corresponding national coding
system.

Comparing to the excellent discrimination (c-statistic: 0.944) and accuracy (Brier score:
0.004) achieved by Le Manach et al. in their derivation cohort and in their validation cohort
(c-statistic: 0.929 and Brier score: 0.005) we did not get equally strong but still convincing find-
ings (c-statistic of 0.771 and a Brier score of 0.021) from our patient sample [13].

Several issues make the POSPOM adaptation as well as external validation challenging.
These are, among others, the transfer of the different national codifications of procedures, data
quality, the study design (unicentric vs. multicentric, elective vs. emergency interventions) and
differences in specialization and expertise of surgeons as well as perioperative care specialists.

Codification as well as classification of procedures differ between the individual healthcare
systems and therefore need to be adapted when transferring the POSPOM. Accordingly, the
POSPOM had to be modified for the German codification system of operations and proce-
dures, as this differs from the French classification for medical procedures, the CCAM, that
has been used for the development of the POSPOM by Le Manach et al. Modification was first
based on the authors” assessment and secondly reviewed by specialists of the corresponding
surgical compartments. A reduction in predictive and discriminative power of the G-POS-
POM is therefore possible, making further validation of our adaptation mandatory.

With the perspective of the development of the International Classification of Health Inter-
ventions (ICHI) it may be less difficult to compare data and thus use prognostic scores and
tools like the POSPOM internationally [24]. Especially combined with well-proven and com-
mon scores such as ASA this could offer an opportunity to further improve patient safety.

It seems challenging to get complete patient datasets without any missing codification
information, a limitation that also seems to apply to the POSPOM cohort of Le Manach et al.
Regarding the ICD diagnoses used to record comorbidities in the original French cohorts, dia-
betes mellitus or arterial hypertension seem to be quite underrepresented compared to average
populations. This was also seen in our validation group, just as in the French derivation and
validation cohorts [14]. Furthermore, codes or pre-existing diagnoses that do not influence
medical management or treatment of patients should not be coded in the German DRG system
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Fig 5. Distribution of the POSPOM scores in the cohort of Bonn University Hospital (orange bars, n = 199,780) compared to
POSPOM validation cohort (grey bars, n = 2,789,932).

https://doi.org/10.1371/journal.pone.0245841.9g005

[25]. Even though data quality seems to have improved over the years, access to ‘perfect’ data
quality is highly unlikely, as it likewise differs not only between hospitals but also wards and
even individual medical staff [26]. However, this may not necessarily affect the general
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Fig 6. Observed in-hospital mortality rate at each POSPOM value between 0 and 40 in the cohort of Bonn
University Hospital (red line, n = 199,780) compared to POSPOM validation cohort (grey line, n = 2,789,932).

https://doi.org/10.1371/journal.pone.0245841.9006
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applicability and validity of the POSPOM, as the score was derived facing the same problem.
Still, used in different hospitals with unsteady data quality deviating appreciable from the over-
all French quality, it might inhibit the implementation of the POSPOM. Only 9.76% of the
applied POSPOM points referred to comorbidities and therefore only had a small impact, a
bad data quality of comorbidities could thus have a minor effect on the score but rather effect
its subtleties. However, precision of the scoring system might be affected.

The present study is a retrospective, single-centered analysis integrating data recorded over
a period of 11 years and is therefore limited in its comparability to the French multi-centre
derivation cohort assessed within one year. In 2016, the University Hospital Bonn had an aver-
age case mix index of 1.76 compared to a German average of 1.1, indicating that patients with
more severe and multiple comorbidities are treated to a higher degree. Therefore, our study
population differs from smaller, highly specialized hospitals or hospitals providing primary
healthcare [27, 28]. Severely ill or injured patients might therefore be overrepresented and oth-
ers underrepresented, thus worsening overall outcome and explaining a more moderate pre-
dictive power of the adapted G-POSPOM.

In consequence, we observed a significantly higher postoperative mortality rate of 2%, com-
pared to 0.5% in the French derivation and validation cohorts. Furthermore, our reported
mortality rate is higher than described by the ISOS study, most likely due to a higher percent-
age of critically ill or severely injured patients [2]. A higher percentage of the patients of our
cohort scored more than 25 POSPOM points, compared to the average French patient cohorts.
On the other hand, a lower percentage scored less, implying older patients exhibiting more
comorbidities and receiving complex surgeries. Even though more patients died scoring 10-20
POSPOM points, the University Hospital Bonn seemed to have a better performance regard-
ing higher POSPOM values. This might be explained by increased expertise regarding critically
ill patients and thus possibly a lower rate of death due to postoperative adverse events, known
as failure to rescue [29]. The decreasing mortality at the score values of 34, 37 and 39 POSPOM
points in Bonn may be explained by an accumulation of cardiac surgery patients which had an
exceedingly low mortality rate.

The POSPOM does not distinguish between emergency or elective surgery. However, seen
from the clinician’s point of view, there is obviously a considerable difference between elective
and emergency patients, regarding mortality rate. Therefore, it might be reasonable to take the
treatment mode such as elective, urgent or even emergent into account for the prognostic
model and thus for scoring.

Up to now, just a few studies validated the POSPOM in different national medical systems.
One validation study was performed in Germany, based on a patient cohort of 1083 cases lim-
ited to the procedure of radical cystectomy [30]. The authors showed a good discriminative
accuracy, but experienced a mortality lower than the predicted one. However, there are some
differences of that study compared to our analysis. The data base of the respective study did
not provide complete information on all comorbidities required to fully adapt the POSPOM.
Furthermore, the authors used a rather small study population and focused just on one proce-
dure. Last, the end points were 30-day mortality and 90-day mortality instead of in-hospital
mortality. Therefore, it provides only limited information on the performance of the POSPOM
in the German healthcare system. Another validation was performed using data of 782
patients, stating only a poor performance for a cohort of geriatric patients scheduled for hip
fracture surgery [31]. In Denmark, a study comprising 979 patients with major emergency
abdominal surgery reported a good discrimination but poor calibration for the POSPOM [32].
Last, a study conducted in Portugal on 833 patients admitted to intensive care after open vas-
cular surgery reported a better prediction rate for the POSPOM compared to APACHE or
SAPS [33]. The attempts to validate the POSPOM in different other countries emphasises the
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need for a simple score to predict postoperative mortality worldwide. However, all these stud-
ies focused on just one single procedure combined with age and comorbidities and had some

other limitations that need to be addressed. In contrast to our analysis, numbers of cases were
rather low.

Different to the POSPOM, the NSQIP Surgical Risk Calculator refers to the 30-day outcome
in terms of mortality, morbidity and complications [5]. The resulting prognostic model
showed excellent performance for mortality (c-statistic: 0.944; Brier score: 0.011), morbidity
(c-statistic: 0.816, Brier score: 0.069), and 6 additional complications (c-statistic: > 0.8).
Advantage of the web-based application is the possibility to be used by both physicians and
patients before planning surgical treatments. However, the survey and assessment are more
likely to be fully applicable by doctors, which may cause uncertainty for some patients. The
required variables appear to be regularly obtainable preoperatively in clinical routine. Whether
they are included in the individual data sets for retrospective validation studies or whether pro-
spective studies for validation are required remains to be clarified. Limiting to hospitals that
participated in the charged NSQIP and the investigation in the American healthcare system,
which differs significantly from many European systems, hinders the applicability to European
populations and the comparability with the POSPOM.

In summary, in our analysis the G-POSPOM proved to be a valuable score to predict in-
hospital mortality in patients undergoing elective as well as emergency surgery. Using preoper-
atively available data from a retrospective data base record, we could demonstrate that the
POSPOM is applicable to the German healthcare system as well as to the patient population of
a single-centre university hospital. However, further multicentric validation is mandatory as
the patient population of a single university hospital most likely does not represent the overall
German healthcare system. Recalibration and prospective study designs could help to further
improve the POSPOM’s applicability to the German patient population as much as to other
national healthcare systems.
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