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Abstract
Background. There are several scoring systems used for in-hospital mortality prediction in critical illness.
Their application in a local scenario requires validation to ensure appropriate diagnostic accuracy. Also,
their use in assessing post-discharge mortality in the ICU survivors has not been extensively studied.

Aim. To evaluate the ability of APACHE II, III and SAPS II to predict in-hospital and post-discharge
mortality in adult ICU patients.

Material and methods. APACHE II, APACHE III and SAPS II, with corresponding predicted mortality ratios,
were calculated for 303 consecutive patients admitted to the 10-bed ICU in 2016. Long-term mortality was
calculated based on information taken from PESEL database.

Results. Median APACHE II, APACHE III and SAPS II scores were 19, 67 and 44 points, with corresponding
in-hospital mortality ratios of 28.1, 18.5 and 34.8%. Observed in-hospital mortality was 35.6%. 12-month
post-discharge mortality reached 17.4%. All systems predicted in-hospital mortality (p<0.05): APACHE II
(AUC=0.783; 95%CI 0.732-0.828), APACHE III (AUC=0.793; 95%CI 0.743-0.838) and SAPS II (AUC=0.792;
95%CI 0.742-0.836), as well as mortality after ICU discharge (p<0.05): APACHE II (AUC=0.712; 95%CI
0.643-0.775), APACHE III (AUC=0.721; 95%CI 0.653-0.783) and SAPS II (AUC=0.695; 95%CI 0.625-0.759),
with no statistically signi�cant difference between them (p>0.05).

Conclusions. Although the predictive values were the highest for APACHE III and SAPS II, no differences
were noticed between the scores. In case of post-discharge mortality, diagnostic accuracy was much
lower. Further studies are needed to create scores estimating the long-term prognosis of subjects
successfully discharged from the ICU.

Background
The main goal of the admission to the intensive care unit (ICU) is to reduce morbidity-related
complications and therefore, to prevent mortality due to possibly reversible severe deterioration in clinical
condition of the patient. Several simple, acknowledged tools are commonly used for outcome prediction
in critical illness. Those scorings are based on the worst data obtained within the �rst 24 hours post-
admission and they are not recalculated during the stay. The higher scores are reached, the higher in-
hospital mortality risk is. First models estimating the risk of in-hospital death were developed over
30 years ago. The �rst two are the Acute Physiology and Chronic Health Evaluation (APACHE) system
(1981) (1) and the Simpli�ed Acute Physiology Score (SAPS) (1988) (2). Since then, many attempts were
made to improve their diagnostic accuracy, and subsequent versions, including APACHE II, III, IV and
SAPS II and III (3–7) were developed.

Although APACHE system was created basing on data from the U.S. hospitals only, whereas SAPS relied
on data from Europe and North America, the �rst tool is more commonly used in clinical research.
Although all up-to-date versions of both scoring systems were veri�ed in terms of their diagnostic
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accuracy, older scoring models (i.e. APACHE II, SAPS II) remain ‘gold standards’ in prognostication among
severely ill patients in individual ICUs worldwide. Both APACHE and SAPS performance in predicting in-
hospital mortality has already been veri�ed in patients with various diagnoses (8–16). Their use in
assessing post-discharge mortality in the ICU survivors has not been studied so often (17–21).

One ought to remember that usability of those systems in the management of individual patients remains
limited. They were primarily developed for outcome prediction and therefore they can be used only to
compare the ICU performance and in quality improvement initiatives. Their application in a local ICU
setting requires validation to ensure appropriate diagnostic accuracy.

We therefore sought to evaluate the ability of three scoring systems, i.e. APACHE II and III, and SAPS II to
predict in-hospital and post-discharge mortality in adult patients at the tertiary ICU.

Material And Methods
An observational prospective study was performed at the 10-bed mixed university ICU in Poland. The
study covered 303 consecutive patients admitted between 01.01.2016 and 31.12.2016. Readmissions (n 
= 7) were excluded from analysis. Data including demographics and comorbidities were recorded from
medical records. Clinical and laboratory data were recorded on admission. Physiological data was
recorded in 1-hour periods. Data was always collected and veri�ed independently by two researchers.
Appropriate scorings of APACHE II, APACHE III and SAPS II, and their corresponding predicted mortality
ratios were calculated. Additionally, for each patient the clinical background of admission (i.e. surgical/
medial; in-hospital/ out-of-hospital) and the outcome were assessed.

In-hospital mortality was de�ned as a death occurring during index hospitalization, regardless of the time
of hospital stay. Post-discharge mortality was veri�ed based on information acquired from PESEL (the
Common Electronic System of Population Register) database. Follow-up observation was set at 12
months.

Patient con�dentiality was ensured as the dataset was fully anonymized. Under Sect. 21 and 22 of the
Act of 5 December 1996 on the Medical Profession (Poland), due to the non-interventional design of the
study, no approval of the Ethics Committee was required.

Statistical analysis was performed using MedCalc Statistical Software version 18.1 (MedCalc Software
bvba, Ostend, Belgium). Continuous variables were expressed as median and interquartile range (IQR).
Qualitative variables were expressed as absolute values and/or percent. Between-group differences for
quantitative variables were assessed using Mann-Whitney U-test or Kruskal-Wallis test. Their distribution
was veri�ed with Shapiro-Wilk test. Chi-square or Fisher’s exact test were applied for qualitative variables.
All tests were two-tailed. Receiver operating characteristic (ROC) curves were drawn and the areas under
the ROC curves (AUROC) were calculated to assess predictive value of the scoring systems on mortality. A
‘p’ value < 0.05 was considered statistically signi�cant.
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Results
The study group covered 160 (53%) males and 143 (47%) females. The median age of patients was
61 years (IQR 49–70). In-hospital mortality was 35.6% (i.e. 108 out of 303 patients). 12-month post-
discharge mortality reached 17.4% (i.e. 34 of 195 ICU survivors). The overall mortality was 46.9% (i.e. 142
of 303 patients). The study group characteristics is presented in Table I.

The median scorings of APACHE II, APACHE III and SAPS II were: 19, 67 and 44 points, respectively
(Fig. 1). The corresponding predicted in-hospital mortality ratios were: 28.1%, 18.5% and 34.8%,
respectively, with observed-to-predicted mortality rates of 1.27, 1.92 and 1.02, respectively.

Table II presents mortality indices with regard to the source of admission. In-hospital mortality was
statistically signi�cantly higher for medical than surgical patients. It was also higher in patients admitted
from another hospital or from the emergency room (i.e. out-of-hospital admissions) compared to subjects
transferred within our hospital from another wards (i.e. in-hospital admissions). Similar �ndings were
observed in relation to post-discharge mortality.

All three investigated systems predicted in-hospital mortality with good diagnostic accuracy (AUC of ~ 
0.8) (Fig. 2). Although the AUC was the highest for APACHE III, no statistically signi�cant differences were
noticed between the scores. Sub-analyses revealed that APACHE III score was the most powerful in
predicting early mortality among surgical subjects (AUC = 0.845; 95%CI 0.780–0.897; p < 0.001), whereas
SAPS II had the highest accuracy for outcome prediction among patients admitted from the out-of-
hospital settings (AUC = 0.738; 95%CI 0.570–0.867; p = 0.008) (Table III).

All three investigated tools predicted 12-month post-discharge mortality in the studied population in a
statistically signi�cant way, however their diagnostic accuracy was much lower (AUC of ~ 0.7) (Fig. 3).
APACHE III was also the most powerful in predicting post-discharge mortality among surgical patients
(AUC = 0.726; 95%CI 0.639 to 0.801; p < 0.0001) but APACHE II score was the most accurate in medical
patients (AUC = 0.688; 95%CI 0.531 to 0.819; p < 0.001). The scoring systems failed to predict post-
discharge mortality in patients after abdominal surgeries and in those admitted from the out-of-hospital
settings in a statistically signi�cant way (Table III).

Table I. Study group characteristics, including comparison between survivors and non-survivors in the ICU observation
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Variable All patients ICU survivors ICU non-survivors ‘p’

N=303(100%) 195 (64.4%) 108 (35.6%)  

Age (years) 61 [49-70] 61 [58-63] 61.5 [60-65] NS

Male sex 143 (47.2%) 86 (28.4%) 57 (18.8%) NS

Hospitalisation before ICU admission (days) 2 [1-6] 1 [0-6] 3 [1-6] <0.05

Categories of diseases

Shock septic 41 (13.5%) 20 (6.6%) 21 (6.9%) <0.05

hypovolemic 15 (5%) 9 (3%) 6 (2%) NS

Organ failure respiratory 199 (65.7%) 120 (39.6%) 79 (26%) <0.05

cardiovascular 114 (37.6%) 71 (23.4%) 43 (14.2%) NS

acute kidney injury 37 (12.2%) 13 (4.3%) 24 (7.9%) <0.0001

acute liver failure 14 (4.6%) 3 (0.9%) 11 (3.6%) <0.001

multi-organ failure  22 (7.3%) 5 (1.6%) 17 (5.6%) <0.0001

Gastrointestinal  acute abdomen/peritonitis 34 (11.2%) 23 (7.6%) 11 (3.6%) NS

acute pancreatitis 7 (2.3%) 5 (1.6%) 2 (0.6%) NS

Other diagnosis severe arrythmia 59 (19.5%) 29 (9.6%) 30 (9.9%) <0.01

any neurological 54 (17.8%) 47 (15.5%) 7 (2.3%) <0.0001

coma 9 (3%) 4 (1.3%) 5 (1.6%) NS

Admissions

Post-operative planned 142 (46.9%) 116 (38.2%) 26  (8.6%) <0.0001

emergency 65 (21.5%) 39 (12.9%) 26 (8.6%) NS

Non-operative 96 (31,7%) 40 (13,2%) 56 (18,5%) <0.0001

Surgical  abdominal 56 (18.5%) 47 (15.5%) 9 (3%) <0.001

neurosurgery 84 (27.7%) 64 (21.1%) 20 (6.6%) <0.01

gynecology 21 (6.9%) 16 (5.3%) 5 (1.6%) NS

Medical  same hospital 83 (27.4%) 44 (14.5%) 39 (12.9%) <0.05

other hospital 21 (6.9%) 10 (3.3%) 11 (3.6%) NS

Scoring

APACHE II (points) 19 [12-24] 15 [8-21] 23 [18.5-30] <0.0001
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APACHE II Risk of Death (%) 25.8 [12.1-46] 18.2 [7.8-34.8] 45.6 [23.9-72.5] <0.0001

APACHE III (points) 67 [36.5-88] 52 [25-74] 86 [67.5-108] <0.0001

APACHE III Risk of Death (%) 18.5 [3.8-41.8] 9 [1.3-24.8] 40.2 [19.9-65.6] <0.0001

SAPS II (points) 44 [27-56] 37 [20-49] 55.5 [47.5-64.5] <0.0001

SAPS II Risk of Death (%) 32.6 [7.9-59.8] 19.6 [3.7-43.8] 57.5 [39.2-75.3] <0.0001

Quantitative variables are expressed as mean [IQR]; qualitative variables as absolute values  (percent)

 

Table II. In-hospital and post-discharge mortality by medical background and the source of the ICU admission

Type of admission Number of

patients

In-hospital mortality Post-discharge mortality

Value p <0,05 Value p <0,05

In-hospital

admissions

(A) Post-op surgical (abdominal) 56 9/56 (16%) A vs E,F.G 9/47 (19%) _____

(B) Post-op surgical

(neurosurgical)

84 20/84 (24%) B vs E,F,G 5/64 (8%) B vs

E,F,G

(C) Post-op surgical

(gynecological)

21 5/21 (24%) C vs F,G 2/16 (12%) _____

(D) Post-op surgical (all) 161 34/161

(21%)

D vs E,F,G 16/127

(13%)

D vs G

(E) Medical (all) 83 39/83 (47%) E vs A,B,D 10/44 (23%) E vs B

(F) Out-of-hospital admissions (medical cases only) 38 24/38 (63%) F vs

A,B,C,D

4/14 (29%) F vs B

(G) Transfers from another hospital (surgical & medical

cases)

21 11/21 (52%) G vs

A,B,C,D

4/10 (40%) G vs B,D

 

 

Table III. Systems of the best accuracy in mortality prediction in consecutive groups of patients
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Type of admission In-hospital mortality  Post-discharge mortality 

In-hospital admissions Post-op surgical (abdominal) APACHE III  0.863 (0.745 to 0.940) APACHE III 0.636 (0.483 to 0.771)

Post-op surgical (neurosurgical) SAPS II 0.863 (0.771 to 0.929)

APACHE III 0.863 (0.739 to 0.907)

SAPS II  0.717 (0.590 to 0.823)

Post-op surgical (gynecological) APACHE III 0.950 (0.758 to 0.999) SAPS II 0.964 (0.736 to 1.000)

Post-op surgical (all) APACHE III 0.845 (0.780 to 0.897) APACHE III 0.726 (0.639 to 0.801)

Medical (all) SAPS II 0.708 (0.598 to 0.803) APACHE II 0.688 (0.531 to 0.819)

Out-of-hospital admissions (medical cases only) SAPS II 

0.738 (0.570 to 0.867)

APACHE II 0.888 (0.608 to 0.991)

APACHE III 0.888 (0.608 to 0.991)

Transfers from another hospital (surgical & medical cases) APACHE III 0.832 (0.607 to 0.957) APACHE III 0.729 (0.374 to 0.947)

Observations with p<0.05 are bolded

Discussion
This single-center study aimed to investigate the ability of the three commonly used scoring systems to
predict mortality in critically ill patients. We revealed that although all of them were of comparable
accuracy in predicting in-hospital mortality, either APACHE III or SAPS II should be recommended as the
�rst-choice tool. The usefulness of the systems in 12-month outcome prediction in the ICU survivors
proved to be limited.

We found that in-hospital ICU mortality rate was 35.6%. which was relatively high compared to
international data, but lower than the value observed in the Silesia region (43.7%) (22). Higher mortality in
Polish ICUs compared to other European countries (23) was under debate in recent years and is rather
due to differences in patient populations. indications for ICU admission, availability of ICU beds and
organization of end-of-life care in Poland. This is also due to the skeptical attitude of some practitioners
regarding guidelines on futile therapy (24,25) and o�cial ICU admission criteria (26). Patients admitted to
Polish ICUs are more often at higher risk of death compared with other countries, but ICU mortality
observed in the Silesian Registry of Intensive Care Units was lower than that predicted by the APACHE II
scoring system (27).



Page 8/15

In our study, APACHE II, APACHE III and SAPS II scores and the predicted ICU mortality were as follows: 19
points (i.e. mortality rate of 28.1%). 67 (mortality rate of 18.5%) and 44 points (mortality rate of 34.8%).
respectively. In case of all three studied scales expected mortality was lower than observed. The cause of
this phenomenon appears to be complex, it may result from substantial differences between the patient’s
population in our unit (mixed admissions. including post-operative cases in the �rst priority) and target
populations these prognostic models were developed for. Medical patients were con�rmed to have higher
mortality than surgical patients, which is in line with previous research on this issue (28).

The reliability of the data collected is important because poor source data quality, the number and type of
missing physiological variables can in�uence the mortality predictions. In the original APACHE II study
variables were missing in 13% of the cases (29). In our data series 14% of variables were missing in total
in all three studied scoring systems that should be taken into account in data interpretation. The process
of data collection is burdened with high risk of bias. In case of APACHE II score it was observed that the
main causes of data errors are inconsistent choice between highest and lowest values and problems with
GCS score determination in sedated patients (29). We used the pre-sedation GCS in sedated patients if
available, data was always veri�ed by two members of the study team independently.

Two main objective criteria are used for prognostic scales performance evaluation: calibration and
discrimination. Calibration refers to how closely the estimated probabilities of mortality correlate with the
observed mortality and is of great importance for clinical trials or comparison of care between ICUs.
Discrimination refers to the ability of a prognostic score to classify patients as survivors or non-survivors
and is measured by ROC curves (i.e. AUC). In our study all three investigated systems predicted in-
hospital mortality with good diagnostic accuracy (AUC of ~ 0.8), with no statistically signi�cant
differences between them. Our observations remain consistent with the previous studies proving high
accuracy of the scoring systems (28,30–32). The most powerful tool was APACHE III (AUC = 0.793)
together with SAPS II (AUC = 0.792). SAPS II seems to perform better in our clinical setting as its
observed-to-predicted mortality rate was 1.02 compared to 1.27 and 1.92 for APACHE II and III,
respectively. In a study by Beck et al. who validated the same prognostic models in 16,646 adult ICU
patients in Southern UK similarly good discrimination was reported for all three scales. but calibration
was imperfect (28). APACHE II score was more reliable than SAPS II and APACHE III in ICU patients in a
study by Gilani et al (31). Similar �ndings come from a study by Khwannimit et al. who compared SAPS II
and APACHE II. The latter model performed better in Thai ICU patients, however also in this case
calibration of both scores was poor. In contrast, Sungurtekin et al. reported better prognostic accuracy for
SAPS II than APACHE II in organophosphate poisoned ICU patients (33). Another study by Godinjak et al.
demonstrated comparable high diagnostic accuracy of APACHE II and SAPS II (32). Differences in the
performance of scoring systems might result from variation in case mix. standards. structure and
organization of medical care. lifestyles and genetic differences between populations (7). Therefore,
despite numerous studies performed so far on this subject, there is still a need to validate these
prognostic models using data of independent samples from different ICUs in different countries or even
regions.
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In the present study APACHE III score was the most powerful in predicting early mortality among surgical
ICU patients. Surgical patients have better survival prognosis than medical ICU patients (6,30). The
explanation of this fact is quite simple: in these patients the reason for ICU admission is mostly their
unstable condition resulting from the performed long-lasting extensive surgical procedure, and not as
much from their poor general condition prior the surgery or their comorbidities.

All three investigated systems predicted 12-month post-discharge mortality in a statistically signi�cant
way, however their diagnostic accuracy was much lower (AUC of ~ 0.7). In a study by Angus et al. (19)
APACHE II score was also predictive of 1-year mortality (AUC of 0.671) in patients undergoing liver
transplants. In contrast, a study by Lee et al. reported no relation between the scores calculated on
admission post-discharge mortality (34). Lower diagnostic accuracy in predicting long-term mortality
could be due to various reasons. The scores are calculated during the �rst 24 h following admission
using the worst results. The treatment implemented during ICU stay, eventual complications and the
quality of the follow-up care and rehabilitation, in�uence patient’s outcome and can change the results
provided by the scoring systems. Lee et al. found that the discharge APACHE II score was a good
predictor of post-ICU mortality and readmission (34). Therefore, it would be more reasonable to focus on
the scores calculated to estimate the long-term prediction of the patients on their discharge from the ICU.
Because currently available tools have not been initially designed for such an application further studies
should be conducted to create scores estimating the long-term prediction. In this context one ought to
bear in mind that proper screening and accurate identi�cation of patients who will stay at risk after their
successful discharge from the ICU might be of great importance to avoid ICU readmissions, further
deterioration of quality of life and higher post-discharge mortality.

The present study has some limitations. As a single-center study, there may be bias with regard to
heterogeneous population and relatively small sample size. The �nal results in the scoring systems may
be affected by the confounding effect of the data selection process and Glasgow Coma Scale results
calculation. The follow up period in our study was limited to 12 months after the date of ICU admission.
Finally, we did not include SOFA score into our analysis. However, that scoring system was primarily
created for prognostication among septic patients so seems less universal in the mixed ICU setting than
APACHE or SAPS (35).

Conclusions
Although all systems have good diagnostic accuracy in predicting in-hospital mortality in the ICU
patients, either APACHE III or SAPS II should be recommended as the most powerful tools. Their
usefulness to predict the outcome after 12 months post-ICU discharge is limited, so further studies are
needed to build mathematical equations estimating the long-term prognosis of subjects successfully
discharged from the ICU.

Declarations



Page 10/15

Ethics approval and consent to participate

Patient con�dentiality was ensured as the dataset was fully anonymized. Under Section 21 and 22 of the
Act of 5 December 1996 on the Medical Profession (Poland), due to the non-interventional design of the
study, no approval of the Ethics Committee was required.

Consent for publication - not applicable

Availability of data and materials

The datasets used and analysed during the current study are available from the corresponding
author on reasonable request

Competing interests

The authors declare that there is no con�ict of interest regarding the publication of this article.

Funding- not applicable

Authors' contributions

1. Study Design: Łukasz J. Krzych 
2. Data Collection: Katarzyna Ziębińska, Konstanty Marczenko, Barbara Posmyk, Szymon Czajka
3. Statistical Analysis: Szymon Czajka, Łukasz J. Krzych 
4. Data Interpretation: Łukasz J. Krzych, Szymon Czajka
5. Manuscript Preparation: Szymon Czajka, Łukasz J. Krzych, Anna J. Szczepańska
6. Literature Search: Szymon Czajka
7. Funds Collection: not applicable

Acknowledgements - not applicable

References
1. Knaus WA, Zimmerman JE, Wagner DP, Draper EA, Lawrence DE. APACHE-acute physiology and

chronic health evaluation: a physiologically based classi�cation system. Crit Care Med [Internet].
1981 Aug;9(8):591–7. Available from: http://www.ncbi.nlm.nih.gov/pubmed/7261642

2. Lemeshow S, Teres D, Spitz Avrunin J, Gage RW. Re�ning intensive care unit outcome prediction by
using changing probabilities of mortality. Crit Care Med [Internet]. 1988 May;16(5):470–7. Available
from: http://www.ncbi.nlm.nih.gov/pubmed/3359785

3. Knaus WA, Draper EA, Wagner DP, Zimmerman JE. APACHE II: A severity of disease classi�cation
system. Crit Care Med [Internet]. 1985 Oct;13(10):818–29. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/3928249



Page 11/15

4. Knaus WA, Wagner DP, Draper EA, Zimmerman JE, Bergner M, Bastos PG, et al. The APACHE III
prognostic system: Risk prediction of hospital mortality for critically III hospitalized adults. Chest
[Internet]. 1991;100(6):1619–36. Available from: http://dx.doi.org/10.1378/chest.100.6.1619

5. Zimmerman JE, Kramer AA, McNair DS, Malila FM. Acute Physiology and Chronic Health Evaluation
(APACHE) IV: Hospital mortality assessment for today’s critically ill patients. Crit Care Med [Internet].
2006 May;34(5):1297–310. Available from: http://www.ncbi.nlm.nih.gov/pubmed/16540951

�. Le Gall JR, Lemeshow S, Saulnier F. A new Simpli�ed Acute Physiology Score (SAPS II) based on a
European/North American multicenter study. JAMA [Internet]. 1993;270(24):2957–63. Available
from: http://www.ncbi.nlm.nih.gov/pubmed/8254858

7. Moreno RP, Metnitz PGH, Almeida E, Jordan B, Bauer P, Campos RA, et al. SAPS 3 - From evaluation
of the patient to evaluation of the intensive care unit. Part 2: Development of a prognostic model for
hospital mortality at ICU admission. Intensive Care Med. 2005;31(10):1345–55.

�. de Oliveira VM, Brauner JS, Filho ER, Susin RGA, Draghetti V, Bolzan ST, et al. Is SAPS 3 better than
APACHE II at predicting mortality in critically ill transplant patients? Clinics [Internet].
2013;68(2):153–8. Available from: http://clinics.org.br/article.php?id=973

9. Alizadeh AM, Hassanian-Moghaddam H, Shadnia S, Zamani N, Mehrpour O. Simpli�ed acute
physiology score II/Acute physiology and chronic health evaluation ii and prediction of the mortality
and later development of complications in poisoned patients admitted to intensive care unit. Basic
Clin Pharmacol Toxicol [Internet]. 2014 Sep;115(3):297–300. Available from:
http://doi.wiley.com/10.1111/bcpt.12210

10. Jeon EJ, Jung JW, Choi JC, Shin JW, Park IW, Choil BW, et al. The value of procalcitonin and the
SAPS II and APACHE III scores in the differentiation of infectious and non-infectious fever in the ICU:
A prospective, cohort study. J Korean Med Sci. 2010;25(11):1633–7.

11. Kellner P, Prondzinsky R, Pallmann L, Siegmann S, Unverzagt S, Lemm H, et al. Prädiktiver Wert von
Risikoscores bei Patienten im kardiogenen Schock nach akutem Myokardinfarkt: APACHE II, APACHE
III, Elebute-Stoner, SOFA und SAPS II. Medizinische Klin - Intensivmed und Notfallmedizin [Internet].
2013 Nov 6;108(8):666–74. Available from: http://link.springer.com/10.1007/s00063-013-0234-2

12. Zhang Z, Chen K, Chen L, Schnapp LM. APACHE III outcome prediction in patients admitted to the
intensive care unit with sepsis associated acute lung injury. PLoS One [Internet].
2015;10(9):e0139374. Available from: http://dx.plos.org/10.1371/journal.pone.0139374

13. Haq A, Patil S, Parcells AL, Chamberlain RS. The simpli�ed acute physiology score III is superior to
the simpli�ed acute physiology score II and acute physiology and chronic health evaluation II in
predicting surgical and ICU mortality in the “oldest old.” Curr Gerontol Geriatr Res. 2014;2014(Saps
Ii):10–3.

14. Lee JH, Hwang SY, Kim HR, Kim YW, Kang MJ, Cho KW, et al. Effectiveness of the sequential organ
failure assessment, acute physiology and chronic health evaluation II, and simpli�ed acute
physiology score II prognostic scoring systems in paraquat-poisoned patients in the intensive care



Page 12/15

unit. Hum Exp Toxicol [Internet]. 2017 May 6;36(5):431–7. Available from:
http://journals.sagepub.com/doi/10.1177/0960327116657602

15. Sawicka W, Owczuk R, Wujtewicz MA, Wujtewicz M. Ocena przydatności skal APACHE II, SAPS II i
SOFA jako czynników rokowniczych u chorych ze schorzeniami rozrostowymi układu
krwiotwórczego leczonych na oddziale anestezjologii i intensywnej terapii. Anestezjol Intens Ter.
2014;46(3):166–70.

1�. Ryan HM, Sharma S, Magee LA, Ansermino JM, MacDonell K, Payne BA, et al. The Usefulness of the
APACHE II Score in Obstetric Critical Care: A Structured Review. J Obstet Gynaecol Canada [Internet].
2016;38(10):909–18. Available from: http://dx.doi.org/10.1016/j.jogc.2016.06.013

17. Meynaar IA, Van Den Boogaard M, Tangkau PL, Dawson L, Sleeswijk Visser S, Bakker J. Long-term
survival after ICU treatment. Minerva Anestesiol. 2012;78(12):1324–32.

1�. Chelluri L, Pinsky MR, Donahoe MP, Grenvik A. Long-term Outcome of Critically III Elderly Patients
Requiring Intensive Care. JAMA J Am Med Assoc [Internet]. 1993 Jun 23;269(24):3119–23. Available
from: http://www.ncbi.nlm.nih.gov/pubmed/8505814

19. Angus DC, Clermont G, Kramer DJ, Linde-Zwirble WT, Pinsky MR. Short-term and long-term outcome
prediction with the Acute Physiology and Chronic Health Evaluation II system after orthotopic liver
transplantation. Crit Care Med [Internet]. 2000 Jan;28(1):150–6. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/10667515

20. Soares M, Dongelmans DA. Why should we not use APACHE II for performance measurement and
benchmarking? Rev Bras Ter Intensiva [Internet]. 2017;29(3):268–70. Available from:
http://www.gnresearch.org/doi/10.5935/0103-507X.20170043

21. Goel A, Pinckney RG, Littenberg B. APACHE II Predicts Long-term Survival in COPD Patients Admitted
to a General Medical Ward. J Gen Intern Med. 2003;18(10):824–30.

22. Knapik P, Krzych ŁJ, Weigl W, Adamski J, Hultstöm M. Mortality rate in Polish intensive care units is
lower than predicted according to the APACHE II scoring system. Intensive Care Med [Internet]. 2017
Nov 21;43(11):1745–6. Available from: https://doi.org/10.1007/s00134-017-4883-0

23. Weigl W, Adamski J, Goryński P, Kański A, Hultström M. Mortality rate is higher in Polish intensive
care units than in other European countries. Intensive Care Med [Internet]. 2017 Sep 8;43(9):1430–2.
Available from: http://link.springer.com/10.1007/s00134-017-4804-2

24. Woźnica-Niesobska E, Goździk W, Śmiechowicz J, Stróżecki Ł, Kubler A. Analysis of management
protocols regarding ineffective maintenance of organ functions in patients treated at the Intensive
Care Unit of the University Hospital in Wroclaw. Anaesthesiol Intensive Ther [Internet]. 2020;52(1):3–
9. Available from: http://dx.doi.org/10.5114/ait.2020.92990

25. Alliprandini M, Ferrandin A, Fernandes A, Belim M, Jorge M, Colombo B, et al. End-of-life
management in intensive care units: a multicentre observational prospective cohort study.
Anaesthesiol Intensive Ther [Internet]. 2019;51(5):348–56. Available from:
http://dx.doi.org/10.5114/ait.2019.91189



Page 13/15

2�. Kusza K, Piechota M. Wytyczne Polskiego Towarzystwa Anestezjologii i Intensywnej Terapii
określające zasady kwali�kacji oraz kryteria przyjęcia chorych do Oddziałów Anestezjologii i
Intensywnej Terapii - luty 2012 [Internet]. 2012. Available from: http://www.anestezjologia.org.pl/

27. Krzych LJ, Czempik PF, Kucewicz-Czech E, Knapik P. Silesian registry of intensive care units.
Anaesthesiol Intensive Ther. 2017;49(1):73–5.

2�. Beck DH, Smith GB, Pappachan J V., Millar B. External validation of the SAPS II, APACHE II and
APACHE III prognostic models in South England: A multicentre study. Intensive Care Med [Internet].
2003 Feb 18;29(2):249–56. Available from: http://link.springer.com/10.1007/s00134-002-1607-9

29. Holt AW, Bury LK, Bersten AD, Skowronski GA, Vedig AE. Prospective evaluation of residents and
nurses as severity score data collectors. Crit Care Med [Internet]. 1992 Dec;20(12):1688–91.
Available from: http://journals.lww.com/00003246-199212000-00015

30. Khwannimit B, Geater A. A comparison of APACHE II and SAPS II scoring systems in predicting
hospital mortality in Thai adult intensive care units. J Med Assoc Thail. 2007;90(4):643–52.

31. Gilani M, Razavi M, Azad A. A comparison of Simpli�ed Acute Physiology Score II, Acute Physiology
and Chronic Health Evaluation II and Acute Physiology and Chronic Health Evaluation III scoring
system in predicting mortality and length of stay at surgical intensive care unit. Niger Med J
[Internet]. 2014;55(2):144. Available from: http://www.nigeriamedj.com/text.asp?
2014/55/2/144/129651

32. Godinjak A, Iglica A, Rama A, Tančica I, Jusufović S, Ajanović A, et al. Predictive value of SAPS II and
APACHE II scoring systems for patient outcome in a medical intensive care unit. Acta Med Acad
[Internet]. 2016 Dec 6;45(2):97–103. Available from:
http://ama.ba/index.php/ama/article/view/279/pdf

33. Sungurtekin H, Gürses E, Balci C. Evaluation of several clinical scoring tools in organophosphate
poisoned patients. Clin Toxicol. 2006;44(2):121–6.

34. Lee H, Lim CW, Hong HP, Ju JW, Jeon YT, Hwang JW, et al. E�cacy of the APACHE II score at ICU
discharge in predicting post-ICU mortality and ICU readmission in critically ill surgical patients.
Anaesth Intensive Care. 2015;43(2):175–86.

35. Vincent JL, Moreno R, Takala J, Willatts S, De Mendonça A, Bruining H, et al. The SOFA (Sepsis-
related Organ Failure Assessment) score to describe organ dysfunction/failure. On behalf of the
Working Group on Sepsis-Related Problems of the European Society of Intensive Care Medicine. Vol.
22, Intensive care medicine. United States; 1996. p. 707–10.

Figures



Page 14/15

Figure 1

APACHE II and III, and SAPS III scores

Figure 2

In-hospital mortality prediction by APACHE II and III. and SAPS III scores
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Figure 3

Post-discharge mortality prediction by APACHE II and III. and SAPS III scores


