BrJ Anaesth 2018 Dec;121(6):1357-1363. doi: 10.1016/j.bja.2018.08.005. Epub 2018 Sep
17.

The ASOS Surgical Risk Calculator: development and validation
of a tool for identifying African surgical patients at risk of severe

postoperative complications

H-L Kluyts ', Y le Manach 2, D M Munlemvo *, F Madzimbamuto *, A Basenero >, Y
Coulibaly ¢, S Rakotoarison 7, V Gobin 8, A L Samateh *, M S Chaibou '°, A O
Omigbodun ', S D Amanor-Boadu '?, ] Tumukunde '3, T E Madiba !4, R M Pearse !>, B
M Biccard !¢, African Surgical Outcomes Study (ASOS) investigators

Collaborators, Affiliations

Collaborators

African Surgical Outcomes Study (ASOS) investigators:

Hippolyte Abadagan, N Abbas, A Ibrahim Abdelatif, Traoré¢ Abdoulaye, A Abd-
Rouf, A Abduljalil, A Abdulrahman, S Abdurazig, A Abokris, W Abozaid, S O A
Abugassa, F Abuhdema, S A Abujanah, R Abusamra, A Abushnaf, S A Abusnina, T
S Abuzalout, H M Ackermann, Y B Adamu, A Addanfour, D M Adeleke, T A
Adigun, A O Adisa, S¢hive Valéry Adjignon, N A Adu-Aryee, B B Afolabi, AF X
Agaba, P K A Agaba, K Aghadi, H Agilla, B Ahmed, El-Z Ahmed, Al-J Ahmed, M
Ahmed, Rene Ahossi, S A Aji, S Akanyun, I Akhideno, M Akhter, O A Akinyemi, M
Akkari, Joseph Akodjenou, A L Al Samateh, E S Al Shams, O T Alagbe-Briggs, E A
Alakkari, R B Alalem, M Alashhab, O I Alatise, A Alatresh, M S I Alayeb Alayeb, B
A Albakosh, F Albert, A N J D Alberts, A D Aldarrat, A Alfari, A Alfetore, M
Algbali, A Algddar, H A Algedar, I A Alghafoud, A Alghazali, M Alhajj, A
Alhendery Alhendery, F F H Alhoty, A Ali, Y A Ali, A Ali, Beye Seidina Alioune, M
A Alkassem, M A Alkchr, T S Alkesa, A Alkilani, F Alkobty Alkobty, Thomas
Allaye, S B M Alleesaib, A Alli, K Allopi, N L Allorto, A Almajbery, R

Almesmary, S H A Almisslati, F Almoraid, H Alobeidi, M A Alomami, Christella S
Alphonsus, O A Algawi, A A Alraheem, S A Alsabri, A Alsayed, B Alsellabi, M Al-
Serksi, M S A Alshareef, A A Altagazi, J S Aluvale, H W Alwahedi, E A Alzahra, M
A Alzarouk, K Al-Zubaidy, M Amadou, Maiga Amadou, Simbo D Amanor-

Boadu, AI-A Amer, B T Amisi, M A Amuthenu, T W A Anabah, Felix Anani, P G R
Anderson, A G B Andriamampionona, L Andrianina, A Anele, R Angelin, N Anjar, O
Antunez, Akwasi Antwi-Kusi, L J C Anyanwu, A A Aribi, O A Arowolo, O

Arrey, Daniel Zemenfes Ashebir, S B Assefa, Guy Assoum, V Athanse, J S
Athombo, M Atiku, E Atito-Narh, Anatole Atomabe, A Attia, M Aungraheeta, D M A
Aurélia, O O Ayandipo, A E T Ayebale, HM Z Azzaidey, N B Babajee, H B Badi, E
K Badianga, R B Baghni, M T Bahta, M Bai, Y Baitchu, A M Baloyi, K A

Bamuza, M I Bamuza, L Bangure, O B Bankole, M L Barongo, M M Barow, Apollo
Basenero, L Bashiya, C H Basson, Sudha Bechan, S Belhaj, M M Ben Mansour, D
Benali, A S B Benamour, A Berhe, ] D Bertie, J J A Bester, M Bester, ] D
Bezuidenhout, K Bhagwan, D R Bhagwandass, K A P Bhat, M M Z U

Bhuiyan, Bruce M Biccard, F Bigirimana, C J Bikuelo, B E Bilby, S S Bingidimi, K E
Bischof, David G Bishop, C Bitta, M Bittaye, Thuli Biyase, C A Blake, E Blignaut, F
Blignaut, B N Bn Tanjong, A Bogoslovskiy, P M Boloko, S K B Boodhun, I Bori, F
Boufas, M Brand, Nicholas T Brouckaert, J] D Bruwer, I Buccimazza, I M Bula



Bula, Fred Bulamba, B C Businge, Y B Bwambale, S R C Cacala, M A

Cadersa, Chris Cairns, F Carlos, M E Casey, A C Castro, N D Chabayanzara, M S
Chaibou, T N O Chaibva, N K Chakafa, C Chalo, C Changfoot, M C Chari, L
Chelbi, J T Chibanda, H N Chifamba, N Chikh, E Chikumba, P Chimberengwa, J
Chirengwa, F M Chitungo, M C Chiwanga, M M Chokoe, T M Chokwe, B
Chrirangi, M Christian, B Church, J C Cisekedi, J] N Clegg-Lamptey, Estie

Cloete, Megan Coltman, W Conradie, N Constance, Youssouf Coulibaly, L Cronje, M
A Da Silva, H Daddy, L Dahim, D Daliri, M S Dambaki, A Dasrath, J G

Davids, Gareth L Davies, J T De Lange, J] B de Wet, B Dedekind, M A Degaulle, V
Dehal, P D Deka, S Delinikaytis, I S Desalu, Hubert Dewanou, M B Moussa Deye, C
Dhege, B S G Diale, D F Dibwe, B J S Diedericks, J M Dippenaar, L Dippenaar, M P
Diyoyo, Edith Djessouho, S N Dlamini, A Dodiyi-Manuel, B A Dokolwana, D P
Domoyyeri, Leanne W Drummond, D E du Plessis, W M du Plessis, L J du Preez, K
Dube, N Z Dube, K D Dullab, R Duvenhage, R C Echem, S A Edaigbini, A K

Egote, A Ehouni, G Ekwen, N C Ekwunife, M El Hensheri, I E Elfaghi, M A
Elfagieh, S Elfallah, Mahmoud Elfiky, S Elgelany, A M Elghallal, M G

Elghandouri, Z S Elghazal, A M Elghobashy, F T Elharati, Abdulaziz M Elkhogia, R
M Elkhwildi, S Ellis, L Elmadani, H B Elmadany, H Elmehdawi, A Elmgadmi, H
Eloi, D Elrafifi, G Elsaadi, R B Elsaity, A Elshikhy, M Eltaguri, A Elwerfelli, I E
Elyasir, A Z Elzoway, A M Elzufti, E O Enendu, B C Enicker, E O Enwerem, R
Esayas, M Eshtiwi, A A Eshwehdi, J L Esterhuizen, Tonya M Esterhuizen, E B

Etuk, O Eurayet, O R Eyelade, R F Fanjandrainy, Lionelle Fanou, Z Farina, Maher
Fawzy, A Feituri, N L Fernandes, L M Ford, Patrice Forget, T Frangois, T

Freeman, Y B M Freeman, V M Gacii, B Gadi, M Gagara, A Gakenia, P D Gallou, G
G N Gama, M G Gamal, Y G Gandy, A Ganesh, Diallo Gangaly, M Garcia, A P
Gatheru, S S D Gaya, Oswald Gbéhadé, G Gerbel, A Ghnain, R Gigabhoy, D G
Giles, G T Girmaye, S Gitau, B Githae, Said Gitta, Veekash Gobin, Riaz Goga, A A
G Gomati, M E Gonzalez, J Gopall, Christina Salmina Gordon, O Gorelyk, M

Gova, K Govender, P Govender, S Govender, V Govindasamy, J T K Green-

Harris, M B Greenwood, S V Grey-Johnson, Mariette Grobbelaar, M A

Groenewald, K K Griinewald, Ambroise Guegni, M Guenane, S Gueye, Marius
Guezo, T Gunguwo, M G Gweder, M Gwila, L. Habimana, Rodrigue Hadecon, E
Hadia, L Hamadi, M Hammouda, M I Hampton, R Hanta, Tim C Hardcastle, J A
Hariniaina, S Hariparsad, A H Harissou, R Harrichandparsad, S H A Hasan, H B
Hashmi, M P Hayes, A Hdud, S H Hebli, H M S N Heerah, S Hersi, A H Hery, Adam
Hewitt-Smith, T C Hlako, S C H Hodges, Richard Eric Hodgson, M Hokoma, H
Holder, E B Holford, E Horugavye, C Houston, M Hove, D Hugo, C M Human, H
Hurri, O Huwidi, A I Ibrahim, Traoré Ibrahim, O K Idowu, I E Igaga, John Igenge, O
Ihezie, K Ikandi, I A R Ike, J J N Ikuku, M N Ilbarasi, I B B Ilunga, J P M Ilunga, N
A V Imbangu, Z Imessaoudene, D H Imposo, A M Iraya, M Isaacs, M Isiguzo, A
Issoufou, P Izquirdo, A Jaber, U V Jaganath, C S Jallow, S Jamabo, Z S Jamal, L
Janneh, M J Jannetjies, I Jasim, Megan A J Jaworska, S Jay Narain, K Jermi, R
Jimoh, S Jithoo, M Johnson, S Joomye, R M Judicael, M Judicaél, A Juwid, L P
Jwambi, R Kabango, J K Kabangu, D K Kabatoro, A N Kabongo, K Kabongo, L T
Kabongo, M D Kabongo, N Kady, S Kafu, M Kaggya, B N K Kaholongo, P C K
Kairuki, S I Kakololo, K Kakudji, Amina Kalisa, R Kalisa, M R Kalufwelu, S
Kalume, R J Kamanda, M K Kangili, H Kanoun, Kapesa, P Kapp, J K Karanja, M
Karar, K Kariuki, K Kaseke, P N K Kashuupulwa, K J P Kasongo, S K Kassa, G K
Kateregga, M I S Kathrada, P M Katompwa, L Katsukunya, K A M

Kavuma, Khalfallah, A Khamajeet, S B Khetrish, Kibandwa, W Kibochi, A M



Kilembe, A K Kintu, B Kipng'etich, B Kiprop, V M K Kissoon, Theroshnie K
Kisten, J K Kiwanuka, Hyla-Louise Kluyts, M E K Knox, A K Koledale, V L

Koller, M A Kolotsi, M Kongolo, N D Konwuoh, W V J Koperski, M Y K Koraz, A
A Kornilov, M Zach Koto, Samantha Kransingh, D Krick, S Kruger, C Kruse, W
Kuhn, W P Kuhn, A M Kukembila, K L Kule, M Kumar, Belinda S Kusel, V K
Kusweje, K J Kuteesa, Y Y Kutor, M A Labib, M Laksari, F Lanos, T A

Lawal, Yannick Le Manach, C Lee, R M Lekoloane, S N Lelo, B Lerutla, M T
Lerutla, A I Levin, T B Likongo, M L Limbajee, D M Linyama, C Lionnet, M M
Liwani, E Loots, A Garrido Lopez, C L C Lubamba, K F Lumbala, A J M
Lumbamba, John Lumona, R F Lushima, L Luthuli, H L. Luweesi, T S K Lyimo, H M
Maakamedi, B M Mabaso, M Mabina, M E Maboya, I Macharia, A M Macheka, A Z
Machowski, Thandinkosi E Madiba, A S M Madsen, Farai Madzimbamuto, L J
Madzivhe, S C Mafafo, M Maghrabi, Diango Djibo Mahamane, A Maharaj, A
Maharaj, A D Maharaj, M R Mahmud, M Mahoko, N A Mahomedy, O Mahomva, T
M Mahureva, R K Maila, D M Maimane, M Maimbo, S N Maina, Dela A

Maiwald, M D Maiyalagan, N Majola, N Makgofa, V Makhanya, W P Makhaye, N M
Makhlouf, S Makhoba, E K Makopa, O Makori, Alex M Makupe, M A Makwela, M
E Malefo, S M Malongwe, D M Maluleke, M R Maluleke, K Touré Mamadou, M P
Mamaleka, Y Mampangula, R M Mamy, M N R Mananjara, M T M Mandarry, D M
Mangoo, C Manirimbere, A Manneh, A Mansour, I Mansour, M Manvinder, D V
Manyere, V T Manzini, ] K Manzombi, P M Mapanda, L C Marais, O Maranga, J P B
Maritz, F K Mariwa, R S Masela, M M Mashamba, Doreen M Mashava, M V
Mashile, E Mashoko, O R Masia, J N Masipa, A T M Masiyambiri, M W

Matenchi, W Mathangani, R C Mathe, Christopher Y Matola, P M Matondo, R
Matos-Puig, F F H Matoug, J T Matubatuba, H P Mavesere, R Mavhungu, S
Maweni, C ] M Mawire, T Mawisa, S Mayeza, R Mbadi, M Mbayabu, N Mbewe, W
D Mbombo, T Mbuyi, W M S Mbuyi, M W Mbuyisa, Bernard Mbwele, R M
Mehyaoui, I D Menkiti, L V M Mesarieki, A Metali, Serge Mewanou, L Mgonja, N
Mgoqo, S Mhatu, T M Mhlari, S Miima, I M Milod, P Minani, F Mitema, A
Mlotshwa, J E Mmasi, T Mniki, B O Mofikoya, J] O Mogale, A Mohamed, A
Mohamed, A Mohamed, S Mohamed, S Mohamed, T S Mohamed, A Mohamed, A
Mohamed, A M Mohamed, P Mohamed, I Mohammed, F A M Mohammed, M
Mohammed, N M Mohammed, M P Mohlala, R Mokretar, F M Molokoane, K N
Mongwe, L Montenegro, O D Montwedi, Q K Moodie, M Moopanar, M Morapedi, T
G Morulana, V L Moses, P Mossy, H Mostafa, S R Motilall, S P Motloutsi, Kanté
Moussa, M Moutari, O M Moyo, P E Mphephu, Busi Mrara, C Msadabwe, VM
Mtongwe, F K Mubeya, K Muchiri, ] Mugambi, G I M Muguti, A B Muhammad, [ F
Mukama, M M Mukenga, F K Mukinda, P M Mukuna, A R W Mungherera, Dolly M
Munlemvo, T W Munyaradzi, A A Munyika, J] M Muriithi, M P Muroonga, R
Murray, V K Mushangwe, M Mushaninga, V E M Musiba, ] M Musowoya, S
Mutahi, M G H Mutasiigwa, G Mutizira, A Muturi, T Muzenda, K R Mvwala, N M
Mvwama, A Mwale, C N Mwaluka, ] D Mwamba, H A M Mwanga, C M Mwangi, S
Mwansa, V Mwenda, I M Mwepu, T M Mwiti, S Z Mzezewa, L Nabela, M T N
Nabukenya, S M Nabulindo, K Naicker, D Naidoo, L Naidoo, L. C Naidoo, N
Naidoo, R Naidoo, R D Naidoo, S Naidoo, T D Naidoo, T K Naidu, N Z Najat, Y
Najm, F Nakandungile, P Nakangombe, C N Namata, E S Namegabe, A Nansook, N
P Nansubuga, C Nantulu, Rodrigue Nascimento, G T Naude, H Nchimunya, M A
Ndaie, P N Ndarukwa, Henry Ndasi, Gabriel Ndayisaba, D Ndegwa, R

Ndikumana, Andrew K N Ndonga, C Ndung'u, M C Neil, M S Nel, E V Neluheni, D
S Nesengani, N T Nesengani, L. E Netshimboni, A M Ngalala, B M Ngari, N BM



Ngari, E Ngatia, G K Ngcobo, T S Ngcobo, D Ngorora, D Ngouane, K

Ngugi, Zipporah W W Ngumi, Z Nibe, E Ninise, J] C Niyondiko, P W Njenga, M N
Njenga, M Njoroge, S Njoroge, W Njuguna, P N Njuki, T Nkesha, T N Nkuebe, N P
Nkuliyingoma, M Nkunjana, Ernest Nkwabi, R N Nkwine, C Nnaji, I

Notoane, Shaaban Nsalamba, L M Ntlhe, C Ntoto, B Ntueba, M T Nyassi, Z Nyatela-
Akinrinmade, H O Nyawanda, N N Nyokabi, V N Nziene, S Obadiah, O J P
Ochieng, P K Odia, O E O Oduor, E O Ogboli-Nwasor, S W O Ogendo, O
Ogunbode, T O Ogundiran, O Ogutu, R W Ojewola, M Ojujo, D O Ojuka, O S
Okelo, S Okiya, N Okonu, P R Olang, Akinyinka O Omigbodun, S Omoding, J
Omoshoro-Jones, R Onyango, A Onyegbule, O Orjiako, M O Osazuwa, Kpatinvo
Oscar, B B Osinaike, A O Osinowo, O M Othin, F F H Otman, J Otokwala, F
Ouanes, Ongoiba Oumar, A O Ousseini, S Padayachee, S M Pahlana, J

Pansegrouw, F P Paruk, M B Patel, Ushmaben Patel, A P Patience, Rupert M

Pearse, J D Pembe, G N Pengemale, N Perez, M F Aguilera Perez, A Mallier Peter, M
Phaff, R M Pheeha, B H Pienaar, V Pillay, K A Pilusa, M P Pochana, O

Polishchuk, Owen S Porrill, E F Post, A Prosper, M Pupyshev, A Rabemazava, M S
Rabiou, L Rademan, M Rademeyer, R A R Raherison, F R Rajah, M S R

Rajcoomar, Z Rakhda, A H R Rakotoarijaona, A H N Rakotoarisoa, Sylvia R
Rakotoarison, R R Rakotoarison, L Ramadan, M L R Ramananasoa, M Rambau, T P
R Ramchurn, H E Ramilson, Rajesh J Ramjee, H Ramnarain, R Ramos, T J

Rampai, S R Ramphal, T Ramsamy, R Ramuntshi, R Randolph, D M A
Randriambololona, W A P Ras, R A F Rasolondraibe, J] D L C Rasolonjatovo, R M
Rautenbach, S Ray, Sarah R Rayne, F A R Razanakoto, S R Reddy, Anthony R
Reed, J R Rian, F R Rija, B Rink, A T Robelie, C A Roberts, A G L Rocher, S
Rocher, Reitze N Rodseth, I Rois, W Rois, S Rokhsi, J Roos, Nicolette F Rorke, H
Roura, F J Rousseau, N Rousseau, L Royas, D Roytowski, Devan Rungan, S S R
Rwehumbiza, B B Ryabchiy, V Ryndine, C R Saaiman, H K Sabwa, S Sadat, S S
Saed, E Salaheddin, H Salaou, M Saleh, H M Salisu-Kabara, Hamza Doles

Sama, Ahmadou L Samateh, W Sam-Awortwi Jnr, N Samuel, D K Sanduku, Chaibou
M Sani, L N Sanyang, H N Sarah, A Sarkin-Pawa, R Sathiram, T Saurombe, H
Schutte, M P Sebei, M D Sedekounou, M P Segooa, E M Semenya, B O Semo, C S
Sendagire, S A Senoga, F S Senusi, T Serdyn, M D Seshibe, G B Shah, R
Shamamba, C S Shambare, T N Shangase, S H Shanin, I E Shefren, A A Sheshe, O B
Shittu, A S Shkirban, T Sholadoye, A Shubba, N Sigcu, S E Sihope, D S Sikazwe, B
S Sikombe, K Simaga Abdoul, W A G Simo, K Singata, A S Singh, S Singh, Usha
Singh, V Sinoamadi, N Sipuka, N L M Sithole, S Sitima, David Lee Skinner, G C
Skinner, O I Smith, C A G Smits, M S I Sofia, Gaoussou Sogoba, A Sohoub, S S
Sookun, O Sosinska, Rosalie Souhe, G Souley, Thiam Souleymane, ] M

Spicer, Sandra Spijkerman, H Steinhaus, A Steyn, G Steyn, H C Steyn, Heidi L
Stoltenkamp, S Stroyer, A Swaleh, E Swayeb, A J Szpytko, N A Taiwo, A Tarhuni, D
Tarloff, Blaise Tchaou, Charles Tchegnonsi, M Tchoupa, M O Teeka, B Thakoor, M
M Theunissen, B P Thomas, M B Thomas, A Thotharam, O Tobiko, A M Torborg, S
M Tshisekedi, S K Tshisola, R Tshitangano, F Tshivhula, H T Tshuma, Janat
Tumukunde, M Tun, I A Udo, D I Uhuebor, K U Umeh, A O Usenbo, Jd D
Uwiteyimbabazi, D J Van der Merwe, F H van der Merwe, J E van der

Walt, Dominique van Dyk, J G Van Dyk, J J S van Niekerk, S van Wyk, H A van
Zyl, B Veerasamy, P J Venter, A J Vermeulen, R Villarreal, J Visser, L Visser, M
Voigt, Richard P von Rahden, A Wafa, A Wafula, P K Wambugu, P Waryoba, E N
Waweru, M Weideman, Robert D Wise, E E Wynne, A [ Yahya, A A Yahya, R
Yahya, Y Yakubu, J J Yanga, Y M Yangazov, O Yousef, G Yousef, Coulibaly



Youssouf, A A Yunus, A S Yusuf, A Z Zeiton, H Z Zentuti, Henry Zepharine, A B
Zerihun, S Zhou, A Zidan, Sanogo Zimogo Zié, C Z Zinyemba, A Zo, Lidwine
Zomahoun, N Z Zoobei, Eugene Zoumenou, N Z Zubia

Affiliations

o ! Department of Anaesthesiology, Sefako Makgatho Health Sciences University,
Pretoria, Gauteng, South Africa.

o 2 Department of Anesthesia, Michael DeGroote School of Medicine, Faculty of
Health Sciences, McMaster University and Population Health Research Institute,
David Braley Cardiac, Vascular and Stroke Research Institute, Perioperative
Medicine and Surgical Research Unit, Hamilton, ON, Canada; Department of Clinical
Epidemiology and Biostatistics, Michael DeGroote School of Medicine, Faculty of
Health Sciences, McMaster University and Population Health Research Institute,
David Braley Cardiac, Vascular and Stroke Research Institute, Perioperative
Medicine and Surgical Research Unit, Hamilton, ON, Canada.

3 University Hospital of Kinshasa, Kinshasa, Democratic Republic of Congo.

o “Department of Anaesthesia and Critical Care Medicine, University of Zimbabwe
College of Health Sciences, Harare, Zimbabwe.

« > Ministry of Health and Social Services Namibia, Windhoek, Namibia.

o % Department, Faculté de médicine de Bamako, Bamako, Mali.

o Private Practice, Androhibe, Madagascar.

o ¥ Ministry of Health and Quality of Life, Jawaharlal Nehru Hospital, Rose Belle,
Grand Port, Mauritius.

« ? Department of Surgery, Edward Francis Small Teaching Hospital, Banjul, Gambia.

o !9 Department of Anesthesiology, Intensive Care and Emergency, National Hospital
of Niamey, Niamey, Niger.

o ! Department of Obstetrics and Gynaecology, College of Medicine, University of
Ibadan, Ibadan, Oyo State, Nigeria.

o !2Department of Anaesthesia, University College Hospital, Ibadan, Oyo State,
Nigeria.

o 13 Makerere University, Makerere, Kampala, Uganda.

« 'Y Department of Surgery, University of KwaZulu-Natal, Durban, KwaZulu-Natal,
South Africa.

« ' lIntensive Care Medicine, Queen Mary University of London, London, UK.

o !¢ Department of Anaesthesia and Perioperative Medicine, Groote Schuur Hospital,
Faculty of Health Sciences, University of Cape Town, Observatory, Western Cape,
South Africa. Electronic address: bruce.biccard@uct.ac.za.

o PMID: 30442264
e DOI: 10.1016/j.bja.2018.08.005

Free article

Abstract

Background: The African Surgical Outcomes Study (ASOS) showed that surgical patients in
Africa have a mortality twice the global average. Existing risk assessment tools are not valid
for use in this population because the pattern of risk for poor outcomes differs from high-



income countries. The objective of this study was to derive and validate a simple,
preoperative risk stratification tool to identify African surgical patients at risk for in-hospital
postoperative mortality and severe complications.

Methods: ASOS was a 7-day prospective cohort study of adult patients undergoing surgery
in Africa. The ASOS Surgical Risk Calculator was constructed with a multivariable logistic
regression model for the outcome of in-hospital mortality and severe postoperative
complications. The following preoperative risk factors were entered into the model; age, sex,
smoking status, ASA physical status, preoperative chronic comorbid conditions, indication
for surgery, urgency, severity, and type of surgery.

Results: The model was derived from 8799 patients from 168 African hospitals. The
composite outcome of severe postoperative complications and death occurred in 423/8799
(4.8%) patients. The ASOS Surgical Risk Calculator includes the following risk factors: age,
ASA physical status, indication for surgery, urgency, severity, and type of surgery. The
model showed good discrimination with an area under the receiver operating characteristic
curve of 0.805 and good calibration with c-statistic corrected for optimism of 0.784.

Conclusions: This simple preoperative risk calculator could be used to identify high-risk
surgical patients in African hospitals and facilitate increased postoperative surveillance.

Clinical trial registration: NCT03044899.
Keywords: mortality; preoperative; risk assessment; risk stratification; surgery.
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Abstract

Background: The African Surgical Outcomes Study (ASOS) showed that surgical patients in Africa have a mortality twice
the global average. Existing risk assessment tools are not valid for use in this population because the pattern of risk for
poor outcomes differs from high-income countries. The objective of this study was to derive and validate a simple,
preoperative risk stratification tool to identify African surgical patients at risk for in-hospital postoperative mortality and
severe complications.

Methods: ASOS was a 7-day prospective cohort study of adult patients undergoing surgery in Africa. The ASOS Surgical
Risk Calculator was constructed with a multivariable logistic regression model for the outcome of in-hospital mortality
and severe postoperative complications. The following preoperative risk factors were entered into the model; age, sex,
smoking status, ASA physical status, preoperative chronic comorbid conditions, indication for surgery, urgency, severity,
and type of surgery.

Results: The model was derived from 8799 patients from 168 African hospitals. The composite outcome of severe
postoperative complications and death occurred in 423/8799 (4.8%) patients. The ASOS Surgical Risk Calculator includes
the following risk factors: age, ASA physical status, indication for surgery, urgency, severity, and type of surgery. The
model showed good discrimination with an area under the receiver operating characteristic curve of 0.805 and good
calibration with c-statistic corrected for optimism of 0.784.

Conclusions: This simple preoperative risk calculator could be used to identify high-risk surgical patients in African
hospitals and facilitate increased postoperative surveillance.

Clinical trial registration: NCT03044899.

Keywords: mortality; preoperative; risk assessment; risk stratification; surgery

surveillance in resource limited environments. For several
reasons, existing simple risk scores have not been validated in
an African context. The pattern of risk is very different for
patients undergoing surgery in Africa. Compared with patients
in high-income countries, the indication for and type of sur-
gery are stronger risk factors, whilst age and ASA physical
status are weaker risk factors.m>* Limited resources preclude
the widespread use of biochemical and radiological tests, and
even stable internet access limits the utility of some technol-
ogies for risk prediction. Furthermore, the African surgical
population is much less diverse, perhaps enabling the use of a
simpler, more pragmatic solution to risk prediction."® There is
a need for a simple African-specific bedside tool to assess
perioperative risk amongst patients in African hospitals. The
objective of this study was to derive and validate a simple,
preoperative risk assessment tool to identify African surgical
patients at risk of in-hospital severe complications and death.

Editor’s key points

e Surgical patients in Africa have a mortality twice the
global average.

e A simple preoperative risk assessment tool could
facilitate identification and targeted resource alloca-
tion to improve postoperative outcomes.

e A simple preoperative risk calculator was developed
using data from 8799 patients involving 168 African
hospitals from 25 countries included in the African
Surgical Outcomes Study.

e This tool could be used to identify high-risk surgical
patients in African hospitals and facilitate increased
postoperative surveillance.

The African Surgical Outcomes Study (ASOS)' was designed to
provide robust surgical outcomes data from Africa to help
inform the Commission on Global Surgery.” The main findings
of ASOS were that surgical patients in Africa are younger and
mainly ASA physical status 1 or 2 patients, and yet are twice as
likely to die after postoperative complications compared with
the global average. The study suggested that postoperative
care might be severely compromised by limited surgical re-
sources, in terms of both personnel and facilities, to provide a

Methods

This study is presented in accordance with the Transparent
Reporting of a multivariable prediction model for Individual
Prognosis Or Diagnosis (TRIPOD) recommendations for the
derivation and validation of risk prediction models.’

Source of data and participants

safe postoperative environment for surgical patients in
Africa.!

The limited variation in postoperative morbidity and mor-
tality across the African countries in ASOS® suggests that a
continent-wide strategy to provide safer postoperative care
could decrease surgical mortality in Africa. However, with
limited resources available for postoperative care, a strategy is
needed to focus care on those patients at greatest risk of se-
vere complications and death. A simple, preoperative risk
assessment tool might allow targeted postoperative

The source of data was from ASOS.! The study design and
patient recruitment have previously been described.! In
summary, it was a 7-day, international, multicentre, pro-
spective cohort study of patients >18 yr undergoing surgery
in hospitals in African countries, and was registered on
ClinicalTrials.gov ~ (NCT03044899). The primary ethics
approval was from the Biomedical Research Ethics Commit-
tee of the University of KwaZulu-Natal, South Africa (BE306/
15), with participation by 247 hospitals from 25 African
countries between February and May 2016. All patients


http://ClinicalTrials.gov
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undergoing elective and non-elective surgery with at least
one planned postoperative overnight hospital stay were
included during the recruitment week. We only included data
that we considered representative of both country and hos-
pital in order to limit bias. A representative country popula-
tion sample was defined as participation from at least 10
hospitals (or at least 50% of the surgical centres, if less than
10 surgical centres in the country). From these countries, we
only included data from representative hospitals that were
defined as providing data on at least 90% of eligible patients
during the study week. Data that fulfilled these criteria for a
representative sample were used as the population and
source data for the derivation model.

Outcome

The primary outcome of the main study was in-hospital
complications, which was censored at 30-days for patients
who were still in-hospital.’ Complications were assessed ac-
cording to predefined criteria and graded as mild, moderate, or
severe.® The outcome for the model derivation was severe in-
hospital postoperative complications. The outcome of severe
in-hospital complications was defined as a composite of
mortality or complications defined as severe by Jammer and
colleagues.® Definitions are shown in Supplementary
Appendix 1.

Predictors

We included all available potential preoperative predictors of
severe postoperative complications and death to develop the
predictive model (Supplementary Appendix 2). Intraoperative
and postoperative variables were not included as potential
predictors, as the objective of this paper was to build a pre-
operative predictive model of postoperative outcomes.

Sample size and missing data

For all analyses, we performed a complete case analysis,
excluding patients with missing data from the analysis. No
imputation was performed. This was deemed acceptable
because of the limited number of missing variables (<3%).”®
The anticipated number of primary outcome events in this
cohort exceeded the usual limitations related to overfitting’
and warranted development of an appropriate predictive
model using all preoperative predictors.’

Statistical analysis

We conducted a multivariable logistic regression analysis that
included all the preoperative variables. Collinearity was eval-
uated by identification of a variance inflation factor; variables
with a variance inflation factor >2 were excluded. Orthopaedic
surgery was defined as the surgical reference category, as it
included the largest number of patients. Age was first entered
in the predictive model as a continuous variable using
restricted cubic splines to fit a non-linear functional relation-
ship with the primary outcome, and then as categorised
ordinal variables (<30 yr, 30—49 yr, 50—69 yr, and >70 yr). As
categorisation of age resulted in a mild decrease in the pre-
dictive performance (data not shown), but a simpler calcula-
tion for a preoperative risk calculator, age was subsequently
entered as a categorical variable into the model. To further
simplify the model and keep with the principles of a

parsimonious model,®'° types of surgery with similar pre-
dicted risk were aggregated into groups, and these groups
were entered as risk predictors into the model.

To develop the ASOS Surgical Risk Calculator, we rounded
the regression coefficients to build an additive user-friendly
score using methods previously described.'>? To optimise
the clinical relevance of the ASOS Surgical Risk Calculator, we
defined that a one point increase in the score will represent an
increase in risk of 30% (an odds ratio increase of 0.25) for the
development of severe postoperative complications and
death. We created risk groups of increasing severity based on
an approximate doubling of risk per group by using an in-
crease of three points per category (i.e. a 90% increase in risk,
and an odds ratio increase of 0.75).

The performance of the predictive model was evaluated by
discrimination and calibration. Discrimination was reported
by the concordance statistic or c-statistic, where a value of 1
suggests perfect discrimination and a value of 0.5 suggests no
discrimination. Calibration was assessed graphically by plot-
ting the observed outcome against the predicted probability. A
smooth, non-parametric calibration line was created with the
locally weighted scatterplot smoothing (LOESS) algorithm to
estimate the observed probabilities in relation to the predicted
probabilities.>” We then plotted: i) ideal calibration (a hypo-
thetical perfect predictive model with the diagonal crossing
the origin of the plot (0;0) with a slope of 1); ii) apparent cali-
bration (the comparison between the predicted probabilities
from the derived model, with that observed in the study
population); and iii) bias corrected calibration (or bootstrapped
calibration), on the same figure to provide a qualitative eval-
uation of the model calibration. To internally validate the
model, optimism corrected performances were calculated. To
calculate the optimism corrected performances, 400 bootstrap
samples of the study population were conducted, and the
difference between the performances in each bootstrap sam-
ple and those observed in the original full study population

11 422 Patients included in study

Countries not fulfilling per-protocol
data inclusion criteria

B 14 Countries, 72 hospitals, 2398/11
422 (21.0%) patients

Countries fulfilling per-protocol data inclusion criteria
11 Countries, 175 hospitals, 9024/11 422 (79.0%) patients

Hospitals not fulfilling protocol compliance
7 Hospitals, 225/11 422 (2.0%) patients

Countries and hospitals fulfilling per-protocol data inclusion criteria

11 Countries, 168 hospitals, 8799/11 422 (77%) patients included in
model derivation

Fig 1. The African Surgical Outcomes Study (ASOS) flow diagram
of patient recruitment for model derivation.
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were calculated. The average of the differences, known as the
optimism, was then subtracted from the performances

Inc., Chicago, IL, USA) and R statistical software package
version 3.4 (R Foundation for Statistical Computing, Vienna,

observed in the full study population to create optimism cor- Austria).
rected performance estimate.

When necessary, categorical variables were compared us- Results
ing Fisher’s exact test. Continuous variables were tested and .
confirmed for normality, and therefore summarised using Participants

mean (standard deviation) and compared using t-tests. Sta-
tistical analyses were performed using SPSS version 24 (SPSS

From the 11 422 patients recruited in ASOS, 8799 (77.0%) met
the predefined representative criteria from 168 hospitals in 11

Table 1 Description of patient cohort and associated severe complications and death. Data are mean (standard deviation) or n (pro-
portion). Odds ratios (unadjusted) were constructed for in-hospital severe complications and death with univariable binary logistic
regression analysis. The denominator for each group is shown. AIDS, acquired immunodeficiency syndrome; CI, confidence interval;
COPD, chronic obstructive pulmonary disease; GIT, gastrointestinal; HIV, human immunodeficiency virus

All patients Patients with Patients without Odds ratio (95% CI) P-value
(n=8799) (%) severe complications severe complications
and death (n=423) (%) and death (n=8195) (%)
Age (y1) 39.0 (18—106)  46.3 (18—97) 38.6 (18—106) 1.025 (1.020—1.031) <0.001
Female 5837/8799 (66.3) 220/423 (52) 5528/8195 (67.5) Reference
Male 2962/8799 (33.7) 203/423 (48.0) 2667/8195 (32.5) 1.913 (1.572—2.327) <0.001
Current smoker 1501/8771 (17.1) 69/420 (16.4) 1386/8171 (17.0) 0.962 (0.739—1.254) 0.776
ASA physical status
1 4082/8799 (46.4) 88/423 (20.8) 3910/8195 (47.7) Reference
2 3422/8799 (38.9) 130/423 (30.7) 3225/8195 (39.4) 1.791 (1.361—2.357) <0.001
3 1076/8799 (12.2) 136/423 (32.2) 917/8195 (11.2) 6.590 (4.992—8.698) <0.001
4ands5 219/8799 (2.5)  69/423 (16.3) 143/8195 (1.7) 21.439 (15.008—30.625) <0.001
Grade of surgery
Minor 1999/8786 (22.8) 56/423 (13.2) 1886/8182 (23.1) Reference
Intermediate 4428/8786 (50.4) 181/423 (42.8) 4159/8182 (50.8) 1.466 (1.081—1.988) 0.014
Major 2359/8786 (26.8) 186/423 (44.0) 2137/8182 (26.1) 2.931 (2.161-3.977) <0.001
Urgency of surgery
Elective 3793/8799 (43.2) 106/422 (25.1) 3611/8186 (44.1) Reference
Urgent 2033/8799 (23.1) 127/422 (30.1) 1850/8186 (22.6) 2.339 (1.796—3.045) <0.001
Emergency 2963/8799 (33.7) 189/422 (44.8) 2725/8186 (33.3) 2.363 (1.853—3.013) <0.001
Surgical speciality
Orthopaedic 1354/8616 (15.7) 60/423 (14.2) 1294/8193 (15.8) Reference
Breast 180/8616 (2.1)  5/423 (1.2) 175/8193 (2.1) 0.616 (0.244—1.555) 0.305
Obstetrics 2762/8616 (32.1) 50/423 (11.8) 2712/8193 (33.1) 0.398 (0.272—0.582) <0.001
Gynaecology 1085/8616 (12.6) 28/423 (6.6) 1057/8193 (12.9) 0.571 (0.362—0.901) 0.016
Upper GIT 219/8616 (2.5) 30/423 (7.1) 189/8193 (2.3) 3.423 (2.152—5.445) <0.001
Lower GIT 689/8616 (8.0)  72/423 (17.0) 617/8193 (7.5) 2.517 (1.763—3.592) <0.001
Hepatobiliary 118/8616 (1.4)  10/423 (2.4) 108/8193 (1.3) 1.997 (0.994—4.012) 0.052
Urology and kidney 466/8616 (5.4) 25/423 (5.9) 441/8193 (5.4) 1.223 (0.757—-1.974) 0.411
Vascular 183/8616 (2.1) 29/423 (6.9) 154/8193 (1.9) 4.061 (2.529—6.522) <0.001
Head and neck 308/8616 (3.6)  21/423 (5.0) 287/8193 (3.5) 1.578 (0.945—2.636) 0.081
Plastics/cutaneous 432/8616 (5.0)  23/423 (5.4) 409/8193 (5.0) 1.213 (0.740—1.986) 0.443
Cardiac surgery 52/8616 (0.6) 9/423 (2.1) 43/8193 (0.5) 4,514 (2.103—9.687) <0.001
Thoracic (lung and other) 113/8616 (1.3) 12/423 (2.8) 101/8193 (1.2) 2.562 (1.335-4.918) 0.005
Thoracic (gut) 18/8616 (0.2) 3/423 (0.7) 15/8193 (0.2) 4313 (1.216—15.303)  0.024
Neurosurgery 182/8616 (2.1)  30/423 (7.1) 152/8193 (1.9) 4.257 (2.662—6.806) <0.001
Other 455/8616 (5.3) 16/423 (3.8) 439/8193 (5.4) 0.786 (0.448—1.379) 0.401
Indication for surgery
Non-communicable disease 3657/8758 (41.8) 167/423 (39.5) 3425/8169 (41.9) Reference
Infection 1142/8758 (13.0) 123/423 (29.1) 993/8169 (12.2) 2.540 (1.992—3.240) <0.001
Trauma 1602/8758 (18.3) 93/423 (22.0) 1447/8169 (17.7) 1.318 (1.015—-1.711) 0.038
Caesarean section 2357/8758 (26.9) 40/423 (9.5) 2304/8160 (28.2) 0.356 (0.251—0.505) <0.001
Preoperative comorbidity
Coronary artery disease 150/8618 (1.7) 19/423 (4.5) 131/8195 (1.6) 2.895 (1.771-4.732) <0.001
Congestive heart failure 73/8618 (0.8) 13/423 (3.1) 60/8195 (0.7) 4.299 (2.341-7.894) <0.001
Diabetes mellitus 631/8618 (7.3)  70/423 (16.5) 561/8195 (6.8) 2.698 (2.059—3.536) <0.001
Cirrhosis 7/8618 (0.1) 0/423 (0.0) 7/8195 (0.1) - -
Metastatic cancer 120/8618 (1.4) 18/423 (4.3) 102/8195 (1.2) 3.526 (2.116—5.878) <0.001
Hypertension 1590/8618 (18.4) 122/423 (28.8) 1468/8195 (17.9) 1.857 (1.494—2.309) <0.001
Stroke or transient 78/8618 (0.9) 15/423 (3.5) 63/8195 (0.8) 4.746 (2.679—8.407) <0.001
ischaemic attack
COPD/asthma 323/8618 (3.7)  21/423 (5.0) 302/8195 (3.7) 1.365 (0.867—2.149) 0.178
HIV positive/AIDS 1131/8618 (13.1) 37/423 (8.7) 1094/8195 (13.3) 0.622 (0.441—0.877) 0.007
Chronic renal disease 141/8618 (1.6) 27/423 (6.4) 114/8195 (1.4) 4.833 (3.139—7.441) <0.001
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countries: Democratic Republic of the Congo (DRC), Gambia,
Madagascar, Mali, Mauritius, Namibia, Niger, Nigeria, South
Africa, Uganda, and Zimbabwe. Seven of these countries are
low-income countries (DRC, Gambia, Madagascar, Mali, Niger,
Uganda, and Zimbabwe), and seven (DRC, Gambia,
Madagascar, Mali, Mauritius, Namibia, and Zimbabwe) pro-
vided data on >95% of adult surgical patients performed dur-
ing the recruitment week. Patients included in the model
derivation are shown in Figure 1.

Patient characteristics and outcomes

Patient characteristics and their unadjusted association with
the primary outcome of in-hospital severe complications and
death are shown in Table 1. Most of the patients had a low-risk
profile, with 7504/8799 (85.3%) being ASA physical status 1 or 2.
Some 4996/8799 (56.8%) of the surgical procedures were urgent
or emergent, and 6787/8799 (77.1%) were classified as of in-
termediate or major severity. Severe postoperative complica-
tions occurred in 423 patients [4.8%, 95% confidence interval
(CI) 4.4-5.3], including 204 cases of in-hospital mortality (2.3%,
95% CI 2.0—2.6). The unadjusted association with in-hospital
postoperative mortality is reported in Supplementary Table 1.

Model development, specification, and performance

Two hundred and thirteen (2.4%) of the patients had missing
data and were not included in the model derivation. Of the
8785 patients included in the model derivation, 422 patients
developed the primary outcome of in-hospital severe compli-
cations and death. Variables were selected for the model by
initially analysing all variables including sex, smoking status,
and comorbidities (coronary artery disease, congestive heart
failure, diabetes mellitus, cirrhosis, metastatic cancer, hyper-
tension, stroke or transient ischaemic attack, chronic
obstructive pulmonary disease/asthma, human immunodefi-
ciency virus/acquired immunodeficiency syndrome, and
chronic renal disease) during regression with the primary
outcome. Of these variables, only smoking status was inde-
pendently associated with outcome. The addition of smoking
status did not however improve the model and it was excluded
in the interests of developing a parsimonious model.® The
variables retained in the model are shown in Supplementary
Appendix 3. The full regression coefficients and intercept of
the final risk-adjusted model for in-hospital severe complica-
tions are shown in Supplementary Table 2. The risk-adjusted
model showed good discrimination for severe postoperative
complications and death with a c-statistic of 0.805 and good
calibration with c-statistic corrected for optimism of 0.784.
The LOESS plot of observed vs expected outcomes is shown in
Figure 2.

The ASOS Surgical Risk Calculator for severe postoperative
complications is shown in Table 2 with the observed outcomes
per risk group and the points for each risk factor present. A
single point increase represents an increase in relative risk of
30% (relative risk 1.3 or an odds ratio increase of 0.25). The
observed outcomes for each individual risk score observed in
the derivation population are shown in Supplementary
Table 3. The frequencies of the ASOS Surgical Risk Calculator
scores and their observed severe complications and death are
shown in Supplementary Figure 1. The receiver operating
characteristic curve for the internal validation is shown in
Supplementary Figure 2. The ASOS Surgical Risk Calculator
and observed outcomes based upon three-point risk groups
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Fig 2. Calibration plot of the African Surgical Outcomes Study
(ASOS) Surgical Risk Calculator. The rug plot along the top of the
figure demonstrates the distribution of patients’ risks observed
in the study population.

Table 2 The African Surgical Outcomes Study (ASOS) Surgical
Risk Calculator for preoperative risk prediction of severe
postoperative complications and death. A single point repre-
sents a standard increase in risk, defined as a 0.25 increase in
the logistic regression coefficient, equivalent to a 30% increase
in the risk of the outcome being present. Total score possible:
from —3 to 25. ASA, American Society of Anesthesiologists

Age (y1)
18—29 0
30—-69 +1
>70 +3
ASA physical status
ASA'1 0
ASA 2 +2
ASA 3 +5
ASA 4 and more +8
Surgery timing
Elective surgery 0
Urgent surgery +3
Emergent surgery +4
Surgery severity
Minor 0
Intermediate +2
Major +4
Indication for surgery
Non-communicable disease 0
Caesarean section -2
Trauma +1
Infection +2
Surgery type
Gynaecology/obstetrics -1
Plastics and breast +1
Urology +2
Ear, nose and throat, +3

gastro-intestinal, hepato-biliary,

cardiothoracic, vascular

Neurosurgery +4
All other types of surgery 0
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are shown in Table 3. The ASOS Surgical Risk Calculator can be
accessed at https://www.asos.org.za/index.php.

Discussion

The ASOS Surgical Risk Calculator is a simple preoperative risk
stratification tool that provides good discrimination and cali-
bration for prediction of in-hospital mortality and severe
postoperative complications. Because of the low-risk profile of
surgical patients in Africa,’ the predictors of major post-
operative morbidity are driven predominantly by surgical risk
factors (indication, urgency, severity, and type). The risk
calculator does not require any special investigations, and so
can be applied to every adult surgical patient. Finally, the score
can be calculated and presented simply on a card, and there-
fore does not require a computer or internet access to imple-
ment. This risk assessment model could be used in
preoperative clinical decision-making in order to identify pa-
tients at increased postoperative risk. This would allow for
informed decisions concerning appropriate postoperative care
and human resource allocation.

Limitations

Fourteen countries did not provide representative data in
ASOS, and so were not used as source data for this derivation
model. This could compromise the generalisability of the
ASOS Surgical Risk Calculator in those countries. Further-
more, although there was participation of 25 African coun-
tries, this is still less than half of the countries in Africa, and
therefore generalisability of this model to those unrepre-
sented countries might be inappropriate. However, as the
risk-adjusted analyses conducted on the ASOS cohort sug-
gested that the poor surgical outcomes were fairly consistent
across African countries,’ we believe that use of the source
data that were considered to be ‘representative’ in ASOS
would have less selection bias than use of the entire cohort,
and would therefore provide a more reliable risk prediction
model for Africa. A further limitation is that South Africa
contributed 5318 (60.4%) of cases to the derivation model.
The model has strong internal validation, through boot-
strapping and cross-validation. Unfortunately, no appropriate
dataset for the primary outcome was available for external
validation. We are confident, however, that there is little
overfitting in this model. Model overfitting could arise when
the number of events is small when compared with the
number of predictors in the risk model, which was not the

case in the development of the ASOS Surgical Risk
Calculator.’ Therefore, we do not expect this model to
demonstrate the characteristics of overfitted models, where
the probability of an event tends to be underestimated in low-
risk patients and overestimated in high-risk patients.”
Furthermore, the limited data collected in ASOS did not
allow us to validate established risk scores, such as the Sur-
gical Outcome Risk Tool (SORT), in this African surgical
population.*

Interpretation

ASOS provided an insight into the difference in predictors
of postoperative morbidity and mortality in Africa when
compared with other cohorts.»® The low-risk profile of the
African patients would suggest that both the patient char-
acteristics included as predictors in a model and the risk
associated with these predictors should be lower in the
African cohort. Furthermore, because of the limited human
resources to provide care, it is likely that surgical proced-
ures that carry higher risk for postoperative complications
might be disproportionately associated with increased
mortality because of increased ‘failure to rescue’. These
hypotheses are supported when comparing the ASOS Sur-
gical Risk Calculator with the SORT.* Although the risk
predictors are similar in the two models, because of the
lower morbidity of the African surgical patients, cancer is
not independently associated with risk in Africa, as it is in
SORT.* Secondly, when comparing the relative risk for
surgical risk factors against the risk associated with the
ASA categories for both models, patients in the African
cohort carry a relatively higher risk associated with major
surgery and higher risk surgical types. It is not surprising,
therefore, that the performance of the ASOS Surgical Risk
Calculator appears to be at least equivalent or better than
the SORT model for predicting severe postoperative com-
plications in the African cohort.’® This provides some
justification to consider adoption of the African Surgical
Risk Calculator in Africa.

Implications

The ASOS Surgical Risk Calculator might be used to identify
high-risk patients at greatest need of enhanced post-
operative surveillance. The use of the ASOS Surgical Risk
Calculator in further studies will be needed to provide
external validation. There is also the need to conduct an

Table 3 Severe postoperative complications for each risk group of the African Surgical Outcomes Study (ASOS) Surgical Risk Calculator
observed in the derivation cohort. Data presented as n (%). Severe postoperative complications were defined as a composite of in-

hospital mortality and all postoperative complications defined as severe in the consensus statement by Jammer and colleagues.

6

The incidence of severe complications in the full cohort was 423/8799 (4.8%, 95% confidence interval 4.4—5.3)

ASOS surgical risk
calculator score

Number of patients (n)

Severe complications (n)

Severe complications
[%, 95% confidence interval (CI)]

<3 1835 22
4—6 2888 40
7-9 1971 81
10-12 970 80
13-15 470 84
16—18 177 62

>19 65 54

1.20, 0.70—1.69
1.39, 0.96—1.81
4.11, 3.25-4.97
8.25, 6.58—9.91
17.87, 14.68—21.06
35.03, 28.98—41.08
83.08, 76.34—89.81
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impact analysis of whether its use ensures appropriate
allocation of the current limited resources available for the
care of surgical patients at risk in Africa.'® It is important to
realise that resource allocation thresholds based on the
ASOS Surgical Risk Calculator score could vary between Af-
rican countries based upon the patient profile and the
available resources for care.

Conclusions

Morbidity and mortality after surgery are significant in Africa,
and these poor outcomes appear to be consistent across many
African countries.” The difference in the patient profile and
the resources available for care of the surgical patient in Africa
suggests that a specific African risk prediction tool is war-
ranted. The ASOS Surgical Risk Calculator is simple and
potentially universally applicable for adult surgery in Africa. It
is hoped that this tool might help identify patients at risk of
severe postoperative complications in this limited resource
environment.
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