Lancet. 2018 Apr 21;391(10130):1589-1598. doi: 10.1016/S0140-6736(18)30001-1. Epub 2018 Jan 3.

Perioperative patient outcomes in the African Surgical Outcomes Study: a 7-day prospective
observational cohort study.

Biccard BM, Madiba TE, Kluyts HL, Munlemvo DM, Madzimbamuto FD, Basenero A, Gordon CS, Youssouf
C, Rakotoarison SR, Gobin V, Samateh AL, Sani CM, Omigbodun AO, Amanor-Boadu SD, Tumukunde JT,
Esterhuizen TM, Manach YL, Forget P, Elkhogia AM, Mehyaoui RM, Zoumeno E, Ndayisaba G, Ndasi H,
Ndonga AKN, Ngumi ZWW, Patel UP, Ashebir DZ, Antwi-Kusi AAK, Mbwele B, Sama HD, Elfiky M, Fawzy
MA, Pearse RM; African Surgical Outcomes Study (ASOS) investigators.

Collaborators (1060)

Abadagan H, Abbas N, Abdelatif Al, Abdoulaye T, Abd-Rouf A, Abduljalil A, Abdulrahman A, Abdurazig S,
Abokris A, Abozaid W, Abugassa S, Abuhdema F, Abujanah SA, Abusamra R, Abushnaf A, Abusnina SA,
Abuzalout TS, Ackermann HM, Adamu YB, Addanfour A, Adeleke DM, Adigun TA, Adisa AO, Adjignon SV,
Adu-Aryee NA, Afolabi BB, Agaba A, Agaba P, Aghadi K, Agilla H, Ahmed B, Ahmed EZ, Ahmed AJ, Ahmed
M, Ahossi R, Aji SA, Akanyun S, Akhideno |, Akhter M, Akinyemi OA, Akkari M, Akodjenou J, Al Samateh
AL, Al Shams ES, Alagbe-Briggs OT, Alakkari EA, Alalem RB, Alashhab M, Alatise Ol, Alatresh A, Alayeb
Alayeb M, Albakosh BA, Albert F, Alberts A, Aldarrat AD, Alfari A, Alfetore A, Algbali M, Algddar A,
Algedar HA, Alghafoud IA, Alghazali A, Alhajj M, Alhendery Alhendery A, Alhoty F, Ali A, Ali YA, Ali A,
Alioune BS, Alkassem MA, Alkchr MA, Alkesa TS, Alkilani A, Alkobty Alkobty F, Allaye T, Alleesaib S, Alli A,
Allopi K, Allorto NL, Almajbery A, Aimesmary R, Almisslati S, Almoraid F, Alobeidi H, Alomami MA,
Alphonsus CS, Algawi OA, Alraheem AA, Alsabri SA, Alsayed A, Alsellabi B, Al-Serksi M, Alshareef M,
Altagazi AA, Aluvale JS, Alwahedi HW, Alzahra EA, Alzarouk MA, Al-Zubaidy K, Amadou M, Amadou M,
Amanor-Boadu SD, Amer AA, Amisi BT, Amuthenu MA, Anabah T, Anani F, Anderson P,
Andriamampionona A, Andrianina L, Anele A, Angelin R, Anjar N, Antunez O, Antwi-Kusi A, Anyanwu L,
Aribi AA, Arowolo OA, Arrey O, Ashebir DZ, Assefa SB, Assoum G, Athanse V, Athombo JS, Atiku M, Atito-
Narh E, Atomabe A, Attia A, Aungraheeta M, Aurélia D, Ayandipo OO, Ayebale A, Azzaidey H, Babajee
NB, Badi HB, Badianga EK, Baghni RB, Bahta MT, Bai M, Baitchu Y, Baloyi AM, Bamuza KA, Bamuza Ml,
Bangure L, Bankole OB, Barongo ML, Barow MM, Basenero A, Bashiya L, Basson CH, Bechan S, Belhaj S,
Ben Mansour MM, Benali D, Benamour A, Berhe A, Bertie JD, Bester J, Bester M, Bezuidenhout JD,
Bhagwan K, Bhagwandass DR, Bhat K, Bhuiyan M, Biccard BM, Bigirimana F, Bikuelo CJ, Bilby BE,
Bingidimi SS, Bischof KE, Bishop DG, Bitta C, Bittaye M, Biyase T, Blake CA, Blignaut E, Blignaut F, Bn
Tanjong BN, Bogoslovskiy A, Boloko PM, Boodhun S, Bori |, Boufas F, Brand M, Brouckaert NT, Bruwer
ID, Buccimazza |, Bula Bula IM, Bulamba F, Businge BC, Bwambale YB, Cacala S, Cadersa MA, Cairns C,
Carlos F, Casey ME, Castro AC, Chabayanzara ND, Chaibou MS, Chaibva T, Chakafa NK, Chalo C,
Changfoot C, Chari MC, Chelbi L, Chibanda JT, Chifamba HN, Chikh N, Chikumba E, Chimberengwa P,
Chirengwa J, Chitungo FM, Chiwanga MC, Chokoe MM, Chokwe TM, Chrirangi B, Christian M, Church B,
Cisekedi JC, Clegg-Lamptey JN, Cloete E, Coltman M, Conradie W, Constance N, Coulibaly Y, Cronje L, Da
Silva MA, Daddy H, Dahim L, Daliri D, Dambaki MS, Dasrath A, Davids JG, Davies GL, De Lange JT, de Wet
JB, Dedekind B, Degaulle MA, Dehal V, Deka PD, Delinikaytis S, Desalu IS, Dewanou H, Deye MM, Dhege
C, Diale B, Dibwe DF, Diedericks B, Dippenaar JM, Dippenaar L, Diyoyo MP, Djessouho E, Dlamini SN,
Dodiyi-Manuel A, Dokolwana BA, Domoyyeri DP, Drummond LW, du Plessis DE, du Plessis WM, du Preez
LJ, Dube K, Dube NZ, Dullab KD, Duvenhage R, Echem RC, Edaigbini SA, Egote AK, Ehouni A, Ekwen G,
Ekwunife NC, El Hensheri M, Elfaghi IE, Elfagieh MA, Elfallah S, Elfiky M, Elgelany S, Elghallal AM,



Elghandouri MG, Elghazal ZS, Elghobashy AM, Elharati FT, Elkhogia AM, Elkhwildi RM, Ellis S, Elmadani L,
Elmadany HB, EImehdawi H, EImgadmi A, Eloi H, Elrafifi D, Elsaadi G, Elsaity RB, Elshikhy A, Eltaguri M,
Elwerfelli A, Elyasir IE, Elzoway AZ, Elzufri AM, Enendu EO, Enicker BC, Enwerem EO, Esayas R, Eshtiwi M,
Eshwehdi AA, Esterhuizen JL, Esterhuizen TM, Etuk EB, Eurayet O, Eyelade OR, Fanjandrainy RF, Fanou L,
Farina Z, Fawzy M, Feituri A, Fernandes NL, Ford LM, Forget P, Francois T, Freeman T, Freeman Y, Gacii
VM, Gadi B, Gagara M, Gakenia A, Gallou PD, Gama G, Gamal MG, Gandy YG, Ganesh A, Gangaly D,
Garcia M, Gatheru AP, Gaya S, Gbéhadé O, Gerbel G, Ghnain A, Gigabhoy R, Giles DG, Girmaye GT, Gitau
S, Githae B, Gitta S, Gobin V, Goga R, Gomati A, Gonzalez ME, Gopall J, Gordon CS, Gorelyk O, Gova M,
Govender K, Govender P, Govender S, Govindasamy V, Green-Harris J, Greenwood MB, Grey-Johnson
SV, Grobbelaar M, Groenewald MA, Griinewald KK, Guegni A, Guenane M, Gueye S, Guezo M, Gunguwo
T, Gweder MG, Gwila M, Habimana L, Hadecon R, Hadia E, Hamadi L, Hommouda M, Hampton MI, Hanta
R, Hardcastle TC, Hariniaina JA, Hariparsad S, Harissou AH, Harrichandparsad R, Hasan S, Hashmi HB,
Hayes MP, Hdud A, Hebli SH, Heerah H, Hersi S, Hery AH, Hewitt-Smith A, Hlako TC, Hodges S, Hodgson
RE, Hokoma M, Holder H, Holford EB, Horugavye E, Houston C, Hove M, Hugo D, Human CM, Hurri H,
Huwidi O, Ibrahim Al, Ibrahim T, Idowu OK, Igaga IE, Igenge J, Ihezie O, Ikandi K, Ike I, Ikuku J, lIbarasi
MN, llunga |, llunga J, Imbangu N, Imessaoudene Z, Imposo DH, Iraya AM, Isaacs M, Isiguzo M, Issoufou
A, Izquirdo P, Jaber A, Jaganath UV, Jallow CS, Jamabo S, Jamal ZS, Janneh L, Jannetjies MJ, Jasim |,
Jaworska MA, Jay Narain S, Jermi K, Jimoh R, Jithoo S, Johnson M, Joomye S, Judicael RM, Judicaél M,
Juwid A, Jwambi LP, Kabango R, Kabangu JK, Kabatoro DK, Kabongo AN, Kabongo K, Kabongo LT,
Kabongo MD, Kady N, Kafu S, Kaggya M, Kaholongo B, Kairuki P, Kakololo SI, Kakudji K, Kalisa A, Kalisa R,
Kalufwelu MR, Kalume S, Kamanda RJ, Kangili MK, Kanoun H, Kapesa, Kapp P, Karanja JK, Karar M,
Kariuki K, Kaseke K, Kashuupulwa P, Kasongo K, Kassa SK, Kateregga GK, Kathrada M, Katompwa PM,
Katsukunya L, Kavuma K, Khalfallah, Khamajeet A, Khetrish SB, Kibandwa, Kibochi W, Kilembe AM, Kintu
AK, Kipng'etich B, Kiprop B, Kissoon V, Kisten TK, Kiwanuka JK, Kluyts HL, Knox M, Koledale AK, Koller VL,
Kolotsi MA, Kongolo M, Konwuoh ND, Koperski WJ, Koraz M, Kornilov AA, Koto MZ, Kransingh S, Krick D,
Kruger S, Kruse C, Kuhn W, Kuhn WP, Kukembila AM, Kule KL, Kumar M, Kusel BS, Kusweje VK, Kuteesa
KJ, Kutor YY, Labib MA, Laksari M, Lanos F, Lawal TA, Le Manach Y, Lee C, Lekoloane RM, Lelo SN, Lerutla
B, Lerutla MT, Levin Al, Likongo TB, Limbajee ML, Linyama DM, Lionnet C, Liwani MM, Loots E, Lopez AG,
Lubamba C, Lumbala KF, Lumbamba A, Lumona J, Lushima RF, Luthuli L, Luweesi HL, Lyimo T,
Maakamedi HM, Mabaso BM, Mabina M, Maboya ME, Macharia I, Macheka AM, Machowski AZ, Madiba
TE, Madsen A, Madzimbamuto F, Madzivhe LJ, Mafafo SC, Maghrabi M, Mahamane DD, Maharaj A,
Maharaj A, Maharaj AD, Mahmud MR, Mahoko M, Mahomedy NA, Mahomva O, Mahureva TM, Maila
RK, Maimane DM, Maimbo M, Maina SN, Maiwald DA, Maiyalagan MD, Majola N, Makgofa N, Makhanya
V, Makhaye WP, Makhlouf NM, Makhoba S, Makopa EK, Makori O, Makupe AM, Makwela MA, Malefo
ME, Malongwe SM, Maluleke DM, Maluleke MR, Mamadou KT, Mamaleka MP, Mampangula Y, Mamy
RM, Mananjara M, Mandarry M, Mangoo DM, Manirimbere C, Manneh A, Mansour A, Mansour |,
Manvinder M, Manyere DV, Manzini VT, Manzombi JK, Mapanda PM, Marais LC, Maranga O, Maritz J,
Mariwa FK, Masela RS, Mashamba MM, Mashava DM, Mashile MV, Mashoko E, Masia OR, Masipa JN,
Masiyambiri A, Matenchi MW, Mathangani W, Mathe RC, Matola CY, Matondo PM, Matos-Puig R,
Matoug F, Matubatuba JT, Mavesere HP, Mavhungu R, Maweni S, Mawire C, Mawisa T, Mayeza S, Mbadi
R, Mbayabu M, Mbewe N, Mbombo WD, Mbuyi T, Mbuyi W, Mbuyisa MW, Mbwele B, Mehyaoui RM,
Menkiti ID, Mesarieki L, Metali A, Mewanou S, Mgonja L, Mgogo N, Mhatu S, Mhlari TM, Miima S, Milod
IM, Minani P, Mitema F, Mlotshwa A, Mmasi JE, Mniki T, Mofikoya BO, Mogale JO, Mohamed A,
Mohamed A, Mohamed A, Mohamed S, Mohamed S, Mohamed TS, Mohamed A, Mohamed A,



Mohamed AM, Mohamed P, Mohammed |, Mohammed F, Mohammed M, Mohammed NM, Mohlala
MP, Mokretar R, Molokoane FM, Mongwe KN, Montenegro L, Montwedi OD, Moodie QK, Moopanar M,
Morapedi M, Morulana TG, Moses VL, Mossy P, Mostafa H, Motilall SR, Motloutsi SP, Moussa K, Moutari
M, Moyo OM, Mphephu PE, Mrara B, Msadabwe C, Mtongwe VM, Mubeya FK, Muchiri K, Mugambi J,
Muguti G, Muhammad AB, Mukama IF, Mukenga MM, Mukinda FK, Mukuna PM, Mungherera A,
Munlemvo DM, Munyaradzi TW, Munyika AA, Muriithi JM, Muroonga MP, Murray R, Mushangwe VK,
Mushaninga M, Musiba V, Musowoya JM, Mutahi S, Mutasiigwa M, Mutizira G, Muturi A, Muzenda T,
Mvwala KR, Mvwama NM, Mwale A, Mwaluka CN, Mwamba JD, Mwanga H, Mwangi CM, Mwansa S,
Mwenda V, Mwepu IM, Mwiti TM, Mzezewa SZ, Nabela L, Nabukenya M, Nabulindo SM, Naicker K,
Naidoo D, Naidoo L, Naidoo LC, Naidoo N, Naidoo R, Naidoo RD, Naidoo S, Naidoo TD, Naidu TK, Najat
NZ, Najm Y, Nakandungile F, Nakangombe P, Namata CN, Namegabe ES, Nansook A, Nansubuga NP,
Nantulu C, Nascimento R, Naude GT, Nchimunya H, Ndaie MA, Ndarukwa PN, Ndasi H, Ndayisaba G,
Ndegwa D, Ndikumana R, Ndonga AK, Ndung'u C, Neil MC, Nel MS, Neluheni EV, Nesengani DS,
Nesengani NT, Netshimboni LE, Ngalala AM, Ngari BM, Ngari N, Ngatia E, Ngcobo GK, Ngcobo TS,
Ngorora D, Ngouane D, Ngugi K, Ngumi ZW, Nibe Z, Ninise E, Niyondiko JC, Njenga PW, Njenga MN,
Njoroge M, Njoroge S, Njuguna W, Njuki PN, Nkesha T, Nkuebe TN, Nkuliyingoma NP, Nkunjana M,
Nkwabi E, Nkwine RN, Nnaji C, Notoane |, Nsalamba S, Ntlhe LM, Ntoto C, Ntueba B, Nyassi MT, Nyatela-
Akinrinmade Z, Nyawanda HO, Nyokabi NN, Nziene VN, Obadiah S, Ochieng O, Odia PK, Oduor O, Ogboli-
Nwasor EO, Ogendo S, Ogunbode O, Ogundiran TO, Ogutu O, Ojewola RW, Ojujo M, Ojuka DO, Okelo OS,
Okiya S, Okonu N, Olang PR, Omigbodun AO, Omoding S, Omoshoro-Jones J, Onyango R, Onyegbule A,
Orjiako O, Osazuwa MO, Oscar K, Osinaike BB, Osinowo AO, Othin OM, Otman F, Otokwala J, Ouanes F,
Oumar O, Ousseini AO, Padayachee S, Pahlana SM, Pansegrouw J, Paruk FP, Patel MB, Patel U, Patience
AP, Pearse RM, Pembe JD, Pengemale GN, Perez N, Perez MA, Peter AM, Phaff M, Pheeha RM, Pienaar
BH, Pillay V, Pilusa KA, Pochana MP, Polishchuk O, Porrill OS, Post EF, Prosper A, Pupyshev M,
Rabemazava A, Rabiou MS, Rademan L, Rademeyer M, Raherison R, Rajah FR, Rajcoomar M, Rakhda Z,
Rakotoarijaona A, Rakotoarisoa A, Rakotoarison SR, Rakotoarison RR, Ramadan L, Ramananasoa M,
Rambau M, Ramchurn T, Ramilson HE, Ramjee RJ, Ramnarain H, Ramos R, Rampai TJ, Ramphal SR,
Ramsamy T, Ramuntshi R, Randolph R, Randriambololona D, Ras W, Rasolondraibe R, Rasolonjatovo J,
Rautenbach RM, Ray S, Rayne SR, Razanakoto F, Reddy SR, Reed AR, Rian JR, Rija FR, Rink B, Robelie AT,
Roberts CA, Rocher A, Rocher S, Rodseth RN, Rois I, Rois W, Rokhsi S, Roos J, Rorke NF, Roura H,
Rousseau FJ, Rousseau N, Royas L, Roytowski D, Rungan D, Rwehumbiza S, Ryabchiy BB, Ryndine V,
Saaiman CR, Sabwa HK, Sadat S, Saed SS, Salaheddin E, Salaou H, Saleh M, Salisu-Kabara HM, Sama HD,
Samateh AL, Sam-Awortwi Jnr W, Samuel N, Sanduku DK, Sani CM, Sanyang LN, Sarah HN, Sarkin-Pawa
A, Sathiram R, Saurombe T, Schutte H, Sebei MP, Sedekounou MD, Segooa MP, Semenya EM, Semo BO,
Sendagire CS, Senoga SA, Senusi FS, Serdyn T, Seshibe MD, Shah GB, Shamamba R, Shambare CS,
Shangase TN, Shanin SH, Shefren IE, Sheshe AA, Shittu OB, Shkirban AS, Sholadoye T, Shubba A, Sigcu N,
Sihope SE, Sikazwe DS, Sikombe BS, Simaga Abdoul K, Simo W, Singata K, Singh AS, Singh S, Singh U,
Sinoamadi V, Sipuka N, Sithole N, Sitima S, Skinner DL, Skinner GC, Smith Ol, Smits C, Sofia M, Sogoba G,
Sohoub A, Sookun SS, Sosinska O, Souhe R, Souley G, Souleymane T, Spicer JM, Spijkerman S, Steinhaus
H, Steyn A, Steyn G, Steyn HC, Stoltenkamp HL, Stroyer S, Swaleh A, Swayeb E, Szpytko AJ, Taiwo NA,
Tarhuni A, Tarloff D, Tchaou B, Tchegnonsi C, Tchoupa M, Teeka MO, Thakoor B, Theunissen MM,
Thomas BP, Thomas MB, Thotharam A, Tobiko O, Torborg AM, Tshisekedi SM, Tshisola SK, Tshitangano
R, Tshivhula F, Tshuma HT, Tumukunde J, Tun M, Udo IA, Uhuebor DI, Umeh KU, Usenbo AO,
Uwiteyimbabazi J, Van der Merwe DJ, van der Merwe FH, van der Walt JE, van Dyk D, Van Dyk JG, van



Niekerk J, van Wyk S, van Zyl HA, Veerasamy B, Venter PJ, Vermeulen AJ, Villarreal R, Visser J, Visser L,
Voigt M, von Rahden RP, Wafa A, Wafula A, Wambugu PK, Waryoba P, Waweru EN, Weideman M, Wise
RD, Wynne EE, Yahya Al, Yahya AA, Yahya R, Yakubu Y, Yanga JJ, Yangazov YM, Yousef O, Yousef G,
Youssouf C, Yunus AA, Yusuf AS, Zeiton AZ, Zentuti HZ, Zepharine H, Zerihun AB, Zhou S, Zidan A, Zié SZ,
Zinyemba CZ, Zo A, Zomahoun L, Zoobei NZ, Zoumenou E, Zubia NZ.

Abstract
BACKGROUND:

There is a need to increase access to surgical treatments in African countries, but perioperative
complications represent a major global health-care burden. There are few studies describing surgical
outcomes in Africa.

METHODS:

We did a 7-day, international, prospective, observational cohort study of patients aged 18 years and
older undergoing any inpatient surgery in 25 countries in Africa (the African Surgical Outcomes Study).
We aimed to recruit as many hospitals as possible using a convenience sampling survey, and required
data from at least ten hospitals per country (or half the surgical centres if there were fewer than ten
hospitals) and data for at least 90% of eligible patients from each site. Each country selected one
recruitment week between February and May, 2016. The primary outcome was in-hospital
postoperative complications, assessed according to predefined criteria and graded as mild, moderate, or
severe. Data were presented as median (IQR), mean (SD), or n (%), and compared using t tests. This
study is registered on the South African National Health Research Database (KZ_2015RP7_22) and
ClinicalTrials.gov (NCT03044899).

FINDINGS:

We recruited 11 422 patients (median 29 [IQR 10-70]) from 247 hospitals during the national cohort
weeks. Hospitals served a median population of 810 000 people (IQR 200 000-2 000 000), with a
combined number of specialist surgeons, obstetricians, and anaesthetists totalling 0-7 (0-2-1-9) per

100 000 population. Hospitals did a median of 212 (IQR 65-578) surgical procedures per 100 000
population each year. Patients were younger (mean age 38-5 years [SD 16-1]), with a lower risk profile
(American Society of Anesthesiologists median score 1 [IQR 1-2]) than reported in high-income
countries. 1253 (11%) patients were infected with HIV, 6504 procedures (57%) were urgent or
emergent, and the most common procedure was caesarean delivery (3792 patients, 33%). Postoperative
complications occurred in 1977 (18:2%, 95% Cl 17-4-18-9]) of 10 885 patients. 239 (2:1%) of 11 193
patients died, 225 (94-1%) after the day of surgery. Infection was the most common complication (1156
[10-2%] of 10 970 patients), of whom 112 (9-7%) died.

INTERPRETATION:



Despite a low-risk profile and few postoperative complications, patients in Africa were twice as likely to
die after surgery when compared with the global average for postoperative deaths. Initiatives to
increase access to surgical treatments in Africa therefore should be coupled with improved surveillance
for deteriorating physiology in patients who develop postoperative complications, and the resources
necessary to achieve this objective.

FUNDING:

Medical Research Council of South Africa.

Copyright © 2018 Elsevier Ltd. All rights reserved.
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Summary

Background There is a need to increase access to surgical treatments in African countries, but perioperative
complications represent a major global health-care burden. There are few studies describing surgical outcomes
in Africa.

Methods We did a 7-day, international, prospective, observational cohort study of patients aged 18 years and older
undergoing any inpatient surgery in 25 countries in Africa (the African Surgical Outcomes Study). We aimed to
recruit as many hospitals as possible using a convenience sampling survey, and required data from at least ten hospitals
per country (or half the surgical centres if there were fewer than ten hospitals) and data for at least 90% of eligible
patients from each site. Each country selected one recruitment week between February and May, 2016. The primary
outcome was in-hospital postoperative complications, assessed according to predefined criteria and graded as mild,
moderate, or severe. Data were presented as median (IQR), mean (SD), or n (%), and compared using ¢ tests. This
study is registered on the South African National Health Research Database (KZ_2015RP7_22) and ClinicalTrials.gov
(NCT03044899).

Findings We recruited 11422 patients (median 29 [IQR 10-70]) from 247 hospitals during the national cohort weeks.
Hospitals served a median population of 810000 people (IQR 200000-2000000), with a combined number of
specialist surgeons, obstetricians, and anaesthetists totalling 0-7 (0-2-1-9) per 100000 population. Hospitals did a
median of 212 (IQR 65-578) surgical procedures per 100 000 population each year. Patients were younger (mean age
38-5 years [SD 16-1]), with a lower risk profile (American Society of Anesthesiologists median score 1 [IQR 1-2]) than
reported in high-income countries. 1253 (11%) patients were infected with HIV, 6504 procedures (57%) were urgent
or emergent, and the most common procedure was caesarean delivery (3792 patients, 33%). Postoperative
complications occurred in 1977 (18-2%, 95% CI 17-4-18-9]) of 10885 patients. 239 (2-1%) of 11193 patients died,
225 (94-1%) after the day of surgery. Infection was the most common complication (1156 [10-2%] of 10970 patients),
of whom 112 (9-7%) died.

Interpretation Despite a low-risk profile and few postoperative complications, patients in Africa were twice as
likely to die after surgery when compared with the global average for postoperative deaths. Initiatives to increase
access to surgical treatments in Africa therefore should be coupled with improved surveillance for deteriorating
physiology in patients who develop postoperative complications, and the resources necessary to achieve this
objective.

Funding Medical Research Council of South Africa.

Introduction Surgery is a cost-effective and core component of

The surgical population represents a major global
health burden, with more than 300 million surgical
procedures done annually’ and an early postoperative
mortality rate of up to 4%.>* However, it has been
estimated that 5 billion people are unable to access safe
surgical treatments,* 94% of whom live in low-income
and middle-income countries (LMICs).* Globally, an
estimated additional 143 million surgical procedures
are required each year, many of which are in Africa.*
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universal health coverage,”” but it needs to be safe.*
Known barriers to the provision of safe surgical
treatment in Africa include low hospital procedural
volumes,® few hospital beds,’ and a scarce number of
operating theatres,” all of which are compounded by
the geographical remoteness of many surgical hospitals
and an absence of adequately trained staff."* The Lancet
Commission on Global Surgery” was established to
develop strategies for safe, accessible, and affordable
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Research in context

Evidence before this study

Safe, accessible, and affordable surgery is a global health
priority. An estimated 5 billion people do not have access to
safe and affordable surgery, and an additional 143 million
surgeries each year are needed in low-income and
middle-income countries (LMICs) to address this need.
However, there are few surgical outcome data from LMICs, and
particularly few data from Africa. Two observational cohort
studies only included a few African countries, with a small
range of surgeries reported. Increasing access to surgery is a
priority in Africa; however, it is essential to ensure that the
surgery is safe, and that unnecessary perioperative morbidity
and mortality are prevented. Because of the scarcity of surgical
outcomes data in Africa, there is an urgent need for a robust
epidemiological study of perioperative patient outcomes to
inform the global surgery initiative.

Added value of this study

The African Surgical Outcomes Study provided data from

25 African countries for all in-patient surgeries. Our findings
showed that one in five surgical patients in Africa developed a
perioperative complication, following which, one in

ten patients died. Our findings also showed that, despite being
younger with a low-risk profile, and lower occurrences of
complications, patients in Africa were twice as likely to die after
surgery when compared with outcomes at a global level.
African surgical hospitals are under-resourced with a median
combined total of specialist surgeons, obstetricians, and

surgical care, but implementation of this strategy
requires robust epidemiological data describing
patterns of surgical activity and subsequent patient
outcomes.””

Data describing surgical outcomes in Africa are scarce,
and the findings of international studies are dominated
by activity in high-income countries, with little parti-
cipation from African countries.”* Furthermore, only
a few African countries have national registries or audit
systems to monitor surgical procedures and subsequent
outcomes. Low human-development index countries,
many of which are African, are believed to have
significantly higher perioperative mortality but this is
unconfirmed.** The effect of population disease burden
on the pattern of surgical outcomes in Africa is also
unknown. Compared with high-income countries, there
is a preponderance of communicable diseases and
injuries in Africa,*'""® of which HIV is the leading cause
of life-years lost.*

To improve both the provision and quality of surgical
treatments in Africa, a detailed understanding is needed
about the number of surgical treatments being
undertaken, the surgical resources available, and the
associated patient outcomes. The objective of our African
Surgical Outcomes Study (ASOS) was to provide robust

anaesthesiologists of 0-7 (IQR 0-2-1-9) per 100 000 population,
far below the recommended number identified by the Lancet
Commission on Global Surgery. The number of surgical
procedures in Africa was also very low at 212 (65-578) per

100 000 population each year. Most surgical procedures were
done on an urgent or emergency basis, and a third were
caesarean deliveries. Importantly, 95% of deaths occurred after
surgery, indicating the need to improve the safety of
perioperative care.

Implications of all the available evidence

Previous studies have presented only few data on surgical
outcomes in Africa, because of limited country participation
and inclusion of selected surgical procedures. The African
Surgical Outcomes Study provided a detailed insight into this
problem. Our findings suggest a high incidence of potentially
avoidable deaths among low-risk patients after surgery,
largely caused by a failure to identify and treat life-threatening
complications in the perioperative period. Limited availability
of human and hospital resources might be a key factor in this
problem. Despite the positive effect of the global safe surgery
campaign, our findings showed that surgical outcomes will
remain poor in Africa unless the perioperative care of patients
with deteriorating physiological function is addressed and
sufficient resources are available to provide this care.

A continent-wide quality improvement strategy to promote
effective perioperative care might save many lives after
surgery in Africa.

epidemiological data describing the volume of surgical
activity, perioperative outcomes, and surgical workforce
density in Africa, which are similar to published
international surgical outcomes data.’

Methods
Study design, setting, and participants
We did a 7-day, international, multicentre, prospective
observational cohort study of patients aged 18 years and
older undergoing any form of inpatient surgery in
hospitals in 25 African countries. Our findings are
reported in accordance with the STROBE statement.”
A collaborative network of more than 1000 health-care
professionals was established across Africa through
personal invitations to colleagues, invitations to surgical
and anaesthesia societies, a website and a Twitter feed.
BMB made country visits where possible to meet with
local study investigators. A website provided investigator
support, in the form of a regularly updated page of
frequently asked questions, the protocol, case report
forms, and an outcomes definitions document in
English and French.

In each country, we aimed to recruit as many hospitals
as possible using a convenience sampling strategy. For
inclusion of country data in the study we required data
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from at least ten hospitals or at least half the surgical
centres if fewer than ten hospitals in the country,
submission of the total number of eligible patients
during recruitment week, and provision of data
describing at least 90% of the eligible patients from each
site. Each country selected a single recruitment week
between February and May, 2016. All patients under-
going elective and non-elective surgery with a planned
overnight hospital stay following surgery during the
study week were eligible for inclusion. Patients
undergoing planned day surgery or radiological
procedures not requiring anaesthesia were excluded.
Regulatory approval varied between countries, with
some requiring ethics approval and others only data
governance approval. The primary ethics approval was
from the Biomedical Research Ethics Committee of the
University of KwaZulu-Natal, South Africa (BE306/15).
All sites approved a waiver of consent, except the
University of the Witwatersrand (South Africa), which
required informed consent from all patients with
deferred consent for patients who could not give consent
before surgery.

Variables and data

Hospital-specific data included the number of hospital
beds, number of operating rooms, number of critical
care beds, and the numbers of anaesthetists, surgeons,
and obstetricians working in each hospital. We
replicated the design of a global study’® with an almost
identical patient dataset to allow a direct comparison of
surgical outcomes data from Africa with surgical
outcomes at a global level. Complications were assessed
according to predefined criteria® and were graded as
mild, moderate, or severe.” Data describing consecutive
patients were collected on paper case-record forms until
hospital discharge and censored at 30 days following
surgery for patients who remained in hospital. Data
were anonymised during the transcription process
using Research Electronic Data Capture (REDCap) tools
hosted by Safe Surgery South Africa. REDCap is a
secure, web-based application designed to support data
capture for research studies.” Soft limits were set for
data entry, prompting investigators when data were
entered outside these limits. In countries with poor
internet access, mobile phones were used for data entry,
or paper case-record forms were forwarded to BMB, for
entry by Safe Surgery South Africa. National lead
investigators confirmed the face wvalidity of the
unadjusted outcome data for their countries, and
hospital-level data were assessed statistically to confirm
plausibility.

Outcomes

The primary outcome measure was in-hospital post-
operative complications defined according to consensus
definitions.”” The secondary outcome measure was
in-hospital mortality. All outcomes were censored at
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30 days for patients who remained in hospital.
Outcomes data were measured for national, regional
(central, eastern, northern, southern, and western
African, and the Indian Ocean Islands), and continental
levels. The outcomes definitions document is in the
appendix.

Statistical analysis
There was no prespecified sample size in our study
because our aim was to recruit as many hospitals as
possible, and ideally, every eligible patient from
recruited hospitals. We anticipated that a minimum
sample size of 10 000 patients would provide a sufficient
number of events for construction of a robust
continental logistic regression model.” Although this
study could provide an estimate of continental mortality,
it was not powered to detect differences in mortality or
complications between countries. During the process
of hospital recruitment and data collection, we realised
that our predefined criteria for including a national
patient sample were too strict for many countries,
despite formal acceptance by the national leaders of
these requirements before the study began. Before
analysis, we therefore decided to present the data
describing the full cohort, and include a per-protocol
analysis of the predefined representative sample for
comparison.

We describe categorical variables as proportions and
compared them using Fisher’s exact test. Continuous
variables are presented as mean (SD), or median (IQR),
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Figure 1: Participating countries in the African Surgical Outcomes Study
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11463 patients entered into database

41 removed
] 18 tooyoung
23 duplicates
y
11422 included in analysis

229 (2-0%) missing mortality data
537 (4:7%) missing complications

v

v

Countries fulfilling per-protocol
data inclusion criteria (9024 patients, 175 hospitals,
11 countries)

315 DR Congo, 24 of 24 representative hospitals
82 The Gambia, 5 of 5 representative hospitals

192 Madagascar, 8 of 8 representative hospitals

329 Mali, 9 of 9 representative hospitals

418 Mauritius, 6 of 6 representative hospitals

325 Namibia, 18 of 18 representative hospitals

186 Niger, 10 of 10 representative hospitals

395 Nigeria, 10 of 10 representative hospitals

5522 South Africa, 53 of 54 representative hospitals
620 Uganda, 10 of 10 representative hospitals
640 Zimbabwe, 20 of 21 representative hospitals

Countries not fulfilling per-protocol

data inclusion criteria (2398 patients, 72 hospitals,

14 countries)

184 Algeria, 7 of 7 representative hospitals
220 Benin, 5 of 13 representative hospitals
127 Burundi, 5 of 7 representative hospitals
223 Cameroon, 5 of 5 representative hospitals

3 Congo, 1 of 1 representative hospitals

10 Egypt, 0 of 1 representative hospitals

252 Ethiopia, 3 of 6 representative hospitals
225 Ghana, 2 of 5 representative hospitals
324 Kenya, 5 of 5 representative hospitals
667 Libya, 9 of 10 representative hospitals

7 Senegal, 0 of 1 representative hospitals

97 Tanzania, 2 of 4 representative hospitals
19Togo, 1 of 1 representative hospitals
40 Zambia, 4 of 6 representative hospitals

Figure 2: African Surgical Outcomes Study country, hospital, and patient recruitment
Representative hospitals provided data for the number of eligible patients for the study, and recruited more than
90% of the eligible patients into the study.

For more on the African Surgical
Outcomes Study see
WWW.as0s.0rg.za

Follow the African Surgical
Outcomes Study @africansos

See Online for appendix
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and compared using ¢ tests. For country-specific mortality
comparisons, we constructed a multivariable logistic
model that included all potential risk factors associated
with in-hospital mortality. These included age, smoker
status, sex, American Society of Anesthesiologists (ASA)
category, preoperative chronic comorbid conditions
(coronary artery disease, congestive heart failure, dia-
betes, cirrhosis, metastatic cancer, hypertension, stroke,
chronic obstructive pulmonary disease, HIV, or chronic
renal disease), the type of surgery, urgency of surgery
(elective, urgent, or emergency) and the severity of
surgery (minor, intermediate, or major). To avoid
collinearity of potential risk factors, variables with a
variance-inflation factor greater than 2 were excluded.
National co-ordinators confirmed the face validity of their
raw data before analysis.

We did a complete case analysis for all analyses,
excluding patients with missing data. South Africa was
the country with the largest number of observed events,
and was therefore used as the reference country.
Orthopaedic surgery—the largest non-cardiac, non-
obstetric, surgical category—was used as the surgical
reference category. We used restricted cubic splines to
fit continuous variables.” Model performances were
assessed using the calibration and discrimination of
the model. We created a smooth, non-parametric

calibration line with a locally weighted scatterplot
smoothing algorithm to estimate the observed
probabilities of in-hospital mortality in relation to the
predicted probabilities. Discrimination was quantified
by calculating the concordance statistic (c statistic)
completed with optimism,* which relates to both model
coeflicients estimation and over-fitting (eg, selection of
predictors and categorisation of continuous predictors).
We did four sensitivity analyses of the association
between preoperative risk factors and mortality. These
were a per-protocol sensitivity analysis of only patients
from the hospitals that provided hospital facility data, a
full case-sensitivity analysis with multiple imputation
of missing data to test for potential bias associated with
missing variables,” and two further analyses that
explored the effect of the hospital-facility level or
university affiliation on mortality. In the two further
analyses, we forced either hospital-facility level data or
university affiliation data into the model. We did the
statistical analyses with the Statistical Package for the
Social Sciences version 24 and R statistical software
package version 3.4. This study is registered on the
South African National Health Research Database
(KZ_2015RP7_22) and ClinicalTrials.gov (NCT03044899).

Role of the funding source

The funder of the study had no role in the study design,
data collection, data analysis, data interpretation, or
writing of the paper. The corresponding author (BMB),
YLM, and TME had full access to all the data in the
study. BMB and RMP had final responsibility for the
decision to submit for publication.

Results

We recruited 11422 patients (median 29, IQR 10-70) from
247 hospitals in 25 African countries during the national
cohort weeks (figures 1, 2). These countries included
14 low-income countries (Benin, Burundi, Congo,
Democratic Republic of the Congo, Ethiopia, The
Gambia, Madagascar, Mali, Niger, Senegal, Tanzania,
Togo, Uganda, and Zimbabwe) and 11 middle-income
countries (Algeria, Cameroon, Egypt, Ghana, Kenya,
Libya, Mauritius, Namibia, Nigeria, South Africa, and
Zambia). Hospital-level data were submitted for
216 (87%) of the 247 participating hospitals. 173 (80%) of
216 were government-funded hospitals, 28 (12%) were
privately funded, and 15 (7%) were jointly funded.
103 (49%) of 212 were university-affiliated hospitals.
45 (21%) of 216 were primary-level hospitals (defined as
mainly obstetrics and gynaecology, and general surgery),
68 (31%) were secondary-level (defined as highly
differentiated by function with five to ten clinical
specialities), and 103 (48%) were tertiary-level (defined as
specialised staff or technical support).® Each hospital
served a median population of 810000 people
(IQR 200000-2000000), with a median of 300 beds
(140-545), four operating rooms (2-7), and three critical
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Data are mean (SD), median (IQR), or n/N (%). Denominators vary with the completeness of the data. ASA=American Society of Anesthesiologists. GIT=gastrointestinal tract.

COPD=chronic obstructive pulmonary disease.

All patients Patients with Patients with no Patients who died  Patients who survived
(n=11422) complications (n=1977) complications (n=8908) (n=239) (n=10954)
Age (years) 38.5(16-1); 407 (17-5) 380(15:8); 49:5(19-1); 383 (16-0);
34-0 (24-0-48.0) 36:0 (27-0-53-0) 33-0 (26:0-47-0) 51.0 (32:0-64-0)  34-0(26-0-47-0)
Sex
Male 3833/11418 (33-6%)  819/1977 (41-4%) 2832/8908 (31-8%) 121/239 (50-6%)  3656/10953 (33-4%)
Female 7585/11418 (66-4%)  1158/1977 (58-6%) 6076/8909 (68-2%) 118/239 (49-4%)  7297/10953 (66-6%)
Current smoker 1520/11367 (16-8%) 315/1972 (16-0%) 1351/8881 (15-2%) 38/235(16-2%)  1688/10924 (15-5%)
ASA category
1 5713/11352(503%)  781/1962 (39-8%) 4675/8887 (52:6%) 45/239 (18-8%)  5552/10899 (50-9%)
2 4199/11352 (37-0%) 705/1962 (35-9%) 3309/8887 (37-2%) 62/239(25:9%)  4050/10899 (37-2%)
3 1197/11352 (10-5%)  354/1962 (18-0%) 804/8887 (9-0%) 79/239 (331%)  1111/10899 (10-2%)
4 234/11352 (2-1%) 117/1962 (6-0%) 96/8887 (1-1%) 471239 (19-7%) 184/10899 (1.7%)
5 9/11352 (0-1%) 5/1962 (0-3%) 3/8887 (0%) 6/239 (2:5%) 2/10899 (0%)
Grade of surgery
Minor 2459/11341 (21-7%) 277/1972 (14-0%) 2064/8888 (23-2%) 28/238 (11-8%)  2392/10920 (21-9%)
Intermediate 5487/11341(48-4%)  852/1972 (48-5%) 4415/8888 (49-7%) 96/238 (40-3%)  5322/10920 (48-7%)
Major 3395/11341(29-7%)  843/1972 (427%) 2409/8888 (27-1%) 114/238 (47-9%)  3206/10920 (29-4%)
Urgency of surgery
Elective 4874/11378 (42-8%)  624/1970 (31.7%) 4034/8896 (45:3%) 48/239 (201%)  4744/10928 (43-4%)
Urgent 2700/11378 (23:7%) 519/1970 (26-3%) 2036/8896 (22:9%) 771239 (32:2%) 2562/10928 (23-4%)
Emergency 3804/11378 (33-4%) 827/1970 (42-0%) 2826/8896 (31-8%) 114/239 (477%)  3622/10928 (33-1%)
Surgical speciality
Orthopaedic 1770/11393 (15:5%) 292/1977 (14-8%) 1372/8902 (15-4%) 27/239 (113%)  1710/11179 (15-6%)
Breast 229/11393 (2:0%) 31/1977 (1-6%) 192/8902 (2-2%) 2/239 (0-8%) 227/11179 (2-1%)
Obstetrics (caesarean 3792/11393 (33:3%) 531/1977 (26:9%) 3074/8902 (34-5%) 20/239 (8-4%) 3664/11179 (33-5%)
delivery)
Gynaecology 1305/11393 (11-5%) 153/1977 (7-7%) 1102/8902 (12-4%) 71239 (2:9%) 1285/11179 (11:7%)
Upper GIT 301/11393 (2-6%) 102/1977 (5-2%) 191/8902 (2:1%) 29/239 (12-1%) 268/11179 (2-4%)
Lower GIT 940/11393 (8:3%) 228/1977 (11-5%) 670/8902 (7-5%) 46/239 (19-2%) 872/11179 (8-0%)
Hepatobiliary 172/11393 (1-5%) 28/1977 (1-4%) 139/8902 (1-6%) 4/239 (1.7%) 168/11179 (1-5%)
Urology and kidney 560/11393 (4-9%) 108/1977 (5-5%) 430/8902 (4-8%) 13/239 (5-4%) 541/11179 (4-9%)
Vascular 237/11393 (2:1%) 72/1977 (3-6%) 153/8902 (1-7%) 16/239 (6:7%) 219/11179 (2-0%)
Head and neck 453/11393 (4-0%) 68/1977 (3-4%) 356/8902 (4-0%) 13/239 (5-4%) 431/11179 (3:9%)
Cardiac surgery 58/11393 (0-5%) 21/1977 (1-1%) 35/8902 (0-4%) 6/239 (2:5%) 52/11179 (0-5%)
Thoracic (lung and other) 130/11393 (1-1%) 37/1977 (1-9%) 92/8902 (1-0%) 8/239 (3-3%) 122/11179 (1-1%)
Thoracic (gut) 23/11393 (0-2%) 9/1977 (0-5%) 14/8902 (0-2%) 2/239 (0-8%) 21/11179 (0-2%)
Neurosurgery 253/11393 (2-2%) 85/1977 (4-3%) 156/8902 (1-8%) 21/239 (8-8%) 230/11179 (2-1%)
Other 555/11393 (4:9%) 79/1977 (4-0%) 471/8902 (5:3%) 11/239 (4-6%) 541/11179 (4-9%)
Surgical checklist 6183/10836 (57-1%)  1082/1971 (54-9%) 5101/8865 (57-5%) 145/239 (60.7%)  6188/10894 (56-8%)
Comorbidity
Coronary artery disease 178/11422 (1-6%) 53/1977 (2-7%) 119/8908 (1-3%) 11/239 (4-6%) 166/10954 (1-5%)
Congestive heart failure 92/11422 (0-8%) 30/1977 (1-5%) 58/8908 (0-7%) 11/239 (4-6%) 80/10954 (0-7%)
Diabetes mellitus 77611422 (6-8%) 201/1977 (10-20%) 547/8908 (6-1%) 46/239 (19-2%) 722/10954 (6-6%)
Cirrhosis 12/11422 (0-1%) 5/1977 (0-3%) 5/8908 (0-1%) 0/239 (0%) 11/10954 (0-1%)
Metastatic cancer 142/11422 (1-2%) 32/1977 (1-6%) 103/8908 (1-2%) 11/239 (4-6%) 129/10954 (1-2%)
Hypertension 1863/11422 (16:3%) 377/1977 (19-1%) 1406/8908 (15-8%) 771239 (32:2%) 1767/10 954 (16-1%)
Stroke or transient 91/11422 (0-8%) 36/1977 (1-8%) 48/8908 (0-5%) 8/239 (33%) 82/10954 (0-7%)
ischaemic attack
COPD or asthma 375/11422 (3:3%) 75/1977 (3-8%) 274/8908 (3-1%) 13/239 (5-4%) 357/10954 (3:3%)
HIV-positive/AIDS 1253/11422 (11-0%) 222/1977 (11-2%) 986/8908 (11-1%) 18/239 (7-5%) 1224/10954 (11-2%)
Chronic renal disease 171/11422 (1-5%) 46/1977 (2:3%) 111/8908 (1-2%) 14/239 (5-9%) 154/10954 (1-4%)

Table 1:-Baseline characteristics of the African Surgical Outcomes Study patient cohort
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Number of patients ~ Patients admittedto  Patients not admitted
critical care to critical care
immediately after immediately after
surgery surgery

All surgeries
Complications 1977/10885 (18-2%)  495/1971 (25-1%) 1476/9705 (15-2%)
Mortality 239/11193 (2-1%) 108/1198 (9:0%) 130/9960 (1-3%)
Critical care admission to 321/1972 (16-3%) 255/493* (51:7%) 64/14731 (4:3%)
treat complications
Death following a 188/1970 (9-5%) 96/493* (19-5%) 92/14721 (6:3%)
postoperative complication
Elective surgery only
Complications 624/4658 (13-4%) 140/367 (38-1%) 482/4282 (11-3%)
Mortality 48/4792 (1-0%) 12/376 (3-2%) 35/4403 (0-8%)
Critical care admission to 86/622 (13-8%) 68/140* (48-6%) 17/4807 (3-5%)
treat complications
Death following a 30/620 (4-8%) 10/139* (7-2%) 20/4807 (4-2%)
postoperative complication
Data are n/N (%). Denominators vary with the completeness of the data. *Total number admitted to critical care
immediately following surgery. tTotal number not admitted to critical care immediately after surgery.
Table 2: Postoperative outcomes in the African Surgical Outcomes Study
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care beds (0-7) providing invasive ventilation. 0-9% of
hospital beds (IQR 0-2-0) were critical care beds.
Hospitals were staffed by a median of three specialist
surgeons (IQR 1-8), one specialist anaesthetist (0-5), and
two specialist obstetricians (0-5), with a median of
0-7 (0-2-1-9) of any specialist per 100000 population.
The median number of surgical procedures per hospital
for the study week was 29 (10-71).

Most patients had a low perioperative risk profile
(table 1). They were mainly young with a low ASA
physical status score. The most common comorbidities
were hypertension and HIV/AIDS. Most surgeries
were urgent or emergent, and the most common
procedure was caesarean delivery (3792 [33-3%] of
11393 procedures). The WHO Safe Surgery Checklist or
a similar surgical checklist was used in 6183 (57-1%) of
10836 surgeries.

Postoperative complications occurred in 1977 (18-2%,
95% CI 17-4-18-9) of 10885 patients. Of 1970 patients
with postoperative complications, 188 died (9-5%,
8.2-10-8; table 2). Around 16-3% of patients with post-
operative complications were admitted to critical care
to treat these complications, of whom approximately
79% were admitted to critical care immediately after
surgery. Complications were associated with prolonged
hospital stay (median 3 days [IQR 2-5] without
complications vs 6 days [4-13] with complications;
p<0-0001). Infection was the most common post-
operative complication (table 3).

239 (2-1%) of 11193 patients died after surgery, 14 (5-9%)
of whom died on the day of surgery. Median time
of death was 5 days (IQR 2-11) postoperatively. Cardio-
vascular complications were associated with the highest
mortality, mostly cardiac arrest. Non-communicable

diseases were the most common indication for surgery
(table 4); however, significantly more postoperative
complications and death followed surgery for infection
and trauma.

The model to describe mortality had poor
discrimination for mortality (c statistic corrected for
optimism of 0-53, Brier of 0-0222 for mortality) when
based on the countries alone (appendix). However, the
adjusted model for country-specific mortality showed
good discrimination for mortality (c statistic corrected for
optimism of 0-83, Brier of 0-0222; appendix). After
adjustment for risks, most countries had a similar risk of
in-hospital mortality (appendix). Postoperative mortality
was strongly associated with increasing ASA grade,
urgency of surgery, and grade of surgery (intermediate
and major). Gastrointestinal, hepatobiliary, and neuro-
surgery were associated with increased mortality.

When compared with a global epidemiological study
of elective surgery (the International Surgical Outcomes
Study [ISOS]),’ the elective surgical patients in the
ASOS cohort were younger, had a lower risk profile,
and underwent more minor surgery. Patients in ASOS
had fewer postoperative complications (appendix).
Mortality in surgical patients in Africa was twice the
global average represented by the ISOS cohort (figure 3;
appendix).

The per-protocol analysis of the hospital data, patient
data, patient outcomes, postoperative complications,
the primary indication for surgery, regional country
participation, and the African regional outcomes are in
the appendix. 14 countries did not provide per-protocol
data samples.

The sensitivity analyses provided similar results to the
primary multivariable analysis (appendix). Hospitals of
a higher facility level were independently associated
with increased mortality but university affiliation was
not. None of the sensitivity analyses changed our overall
findings.

Discussion

The main finding of this study was that patients
receiving surgery in Africa are younger than the global
average, with a lower-risk profile and lower complication
rates, and yet are twice as likely to die. Approximately
one in five surgical patients in our African cohort
developed a postoperative complication, and one in ten
of these patients died. It is likely that many of these
deaths were preventable. This large prospective cohort
of surgery in 247 hospitals in 25 African countries
revealed the scarce workforce resources available to
provide safe surgical treatment. Although increased
access to surgery is important for the people of Africa,
it is essential that that these surgical treatments are
safe and effective.” Importantly, 95% of deaths in our
study occurred in the postoperative period, suggesting
that many lives could be saved by effective surveillance
for physiological deterioration in patients who have
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developed complications and increasing the resources Our results indicated that postoperative mortality
necessary to achieve this objective. Surgical outcomes following surgery is significantly higher in Africa, when
will remain poor in Africa® until the problem of under- compared with other international cohorts, despite the

resourcing is addressed. African patients having a lower patient-risk profile with
Number of Complication severity Number of deaths for Number of deaths for
patients all patients who patients after elective
developed surgery who
complications developed
complications
Mild Moderate Severe
Infectious complications
Superficial surgical site 10968 402 (3-5%) 303 (2:7%) 82 (0-7%) 41/787 (5-2%) 5/245 (2-0%)
Deep surgical site 10969 77 (0-7%) 141 (1-2%) 110 (1-0%) 43/328 (13-1%) 3/78 (3-8%)
Body cavity 10968 25 (0-2%) 55 (0-5%) 45 (0-4%) 28/125 (22-4%) 1/21 (4-8%)
Pneumonia 10968 51 (0-5%) 85 (1-2%) 49 (0-4%) 56/185 (30-3%) 5/50 (10-0%)
Urinary tract 10967 64 (0-6%) 29 (0-3%) 19 (0-2%) 20/112 (17-9%) 2/38 (6-3%)
Bloodstream 10970 27 (0-2%) 50 (0-5%) 64 (0-6%) 58/141 (41-1%) 6/32 (18-8%)
Total = = - = 112/1156 (9:7%) 12/354 (3-4%)
Cardiovascular complications
Myocardial infarction 10969 7 (0-1%) 1(0-0%) 3(0-0%) 3/11(27:3%) 0/2
Arrhythmia 10969 16 (0-1%) 14 (0-1%) 10 (0-1%) 11/40 (27-5%) 1/14 (7-1%)
Pulmonary oedema 10969 17 (0-1%) 13 (0-1%) 8 (0-1%) 17/38 (44-7%) 1/7 (143%)
Pulmonary embolism 10969 3(<0-1%) 1(<0-1%) 11 (0-1%) 11/15 (73-3%) 5/8 (62-5%)
Stroke 10921 6 (0-1%) 6 (01%) 8(0-1%) 6/20 (30-0%) 1/7 (143%)
Cardiac arrest 10945 NA NA 113 (1-0%) 101/113 (89-4%) 13/19 (68-4%)
Total - - - - 110/190 (57-9%) 15/48 (31:3%)
Other complications
Gastrointestinal bleed 10966 20 (0-2%) 12 (0-1%) 7 (0-1%) 13/39 (33:3%) 1/11(91%)
Acute kidney injury 10967 50 (0-4%) 54 (0-5%) 42 (0-4%) 51/146 (34-9%) 4/31 (12-9%)
Postoperative bleed 10968 98 (0:9%) 404 (3-5%) 59 (0-5%) 39/561 (7-0%) 5/159 (3:1%)
ARDS 10966 14 (0-1%) 19 (0-2%) 19 (0-2%) 26/52 (50-0%) 4/14 (28-6%)
Anastomotic leak 10961 9 (0-1%) 14 (0-1%) 23 (0-2%) 16/46 (34-8%) 3/19 (15-8%)
All others 10936 151 (1:3%) 147 (1:3%) 83 (0-7%) 40/381 (10-5%) 5/131 (3-8%)
Total - @ = = 112/1044 (10-7%) 14/314 (4-5%)
Total number of patients with - - - - 188/1970 (9:5%) 30/620 (4-8%)
complications
Data are n/N (%). Denominators vary with the completeness of the data. NA=not applicable. ARDS=acute respiratory distress syndrome.
Table 3: Postoperative complications in the African Surgical Outcomes Study
All patients  Complications No complications (n=8869) Died Survived (n=10 876)
(n=10842)  (n=1973) (n=238)
n (%) 0dds ratio p value n (%) 0Odds ratio p value
(95% Cl) (95% Cl)
Non- 4577 (42:2%) 736 (37:3%) 4577 (422%)  Ref NA 96 (403%) 4607 (42-4%) Ref NA
communicable
disease
Acute infection 1380 (12.7%) 398 (20-2%) 982 (12:7%) 212 (1-84-2-44) <0-0001 63(26-5%) 1352 (12:4%) 2-24(1-62-3-09) <0-0001
Trauma 1929 (17-8%) 405 (20-5%) 1524 (17-8%) 139 (1-21-1-59)  <0-0001 61(25-6%) 1947 (17-9%) 1.50 (1-09-2-08) 0-0140
Caesarean 2956 (273%) 434 (22:0%)  2522(28-4%) 0-90(079-1:02) 010  18(7-6%) 2970 (27-3%) 029 (0-18-0-48) <0-0001
section
Data presented as n (%) unless stated otherwise. Odds ratios were constructed for in-hospital complications and mortality with univariate binary logistic regression analysis.
NA=not applicable.
Table 4: Association between the primary indication for surgery and postoperative complications and in-hospital mortality
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Figure 3: Surgical mortality following elective surgery in HICs, LMICs, and
African countries

HICs=high-income countries. ISOS=International Surgical Outcomes Study.
LMICs=low-middle income countries. ASOS=African Surgical Outcomes Study.

lower occurrences of postoperative complications.’
Improving the quality of surgery is a function of
structures, processes, and outcomes as defined by The
Lancet Commission on Global Surgery.* Our results
provide important insights into some of the processes
and outcomes that need to be addressed in Africa. Most
of the deaths in our study occurred on the days following
surgery, and many were probably preventable. There
are few published reports of postoperative outcomes
in Africa, but our interpretation is consistent with
the findings from smaller epidemiological studies
exploring postoperative mortality in African coun-
tries, with described mortality rates that were
similar to,"* or higher than those in our study.®® In
a global study of mortality after emergency abdominal
surgery, most of the deaths in that study also occurred
more than 24 h after surgery." Our observations are also
consistent with reports of intraoperative or anaesthetic-
related mortality rates in low-income countries.””' The
findings of our study and previous investigations might
be partly due to scarce workforce resources, and poor
early warning systems to detect the physiological
deterioration of patients who developed complications.*
The median number of 0-7 specialists (a combined total
of surgeons, obstetricians, and anaesthesiologists)
per 100000 population in this study is well below the
inflection point of 20-40 specialists per 100000 thought
necessary to decrease perioperative mortality.* Further-
more, there are fewer hospital and critical-care bed
resources in Africa than reported globally.’ Consequently,
the risk of death following perioperative complications
is significantly greater in Africa.

The problem of unrecognised postoperative physio-
logical deterioration on the surgical ward has been well
described.” Interventions such as early warning scores,
critical-care outreach, medical emergency teams, and
critical-care skills training for junior surgeons are now
standard in most high-income countries. Failure to
rescue and similar metrics have been successfully used
to support data-driven quality improvement projects.”

Our findings suggest that the drivers of perioperative
death might be broadly consistent across Africa, although
further prospective audits are required to understand the
site-specific drivers in individual hospitals and countries.
Findings from some studies have highlighted the
feasibility of surgical outcomes audit in low-income
countries.”* A pragmatic continent-wide quality im-
provement programme might improve the allocation of
resources towards the postoperative surveillance of
patients who are most at risk, and a simple surgical-risk
calculator could facilitate this approach.

To our knowledge, this is the most comprehensive
assessment of surgical workforce density and patient
outcomes following surgery done so far in Africa.
Although our study was not designed to inform detailed
health-care policy decisions in individual countries, the
data are likely to have a substantial effect throughout
Africa. The drivers of morbidity and mortality are
probably similar across the different countries in
Africa. Some of the country-level data presented
might provide the outcomes information required to
power future country-specific studies of postoperative
morbidity and mortality. Assuming a mortality rate of
2% and a postoperative complication rate of 18%, an
individual country-level surgical outcomes audit would
require a sample of 3000 patients to provide a reliable
mortality estimate with a 95% CI of 1%, and a sample of
1400 patients to provide a reliable complication rate
with a 95% CI of 4%. We used a simple dataset mainly
of categorical variables to minimise the amount of
missing data. Patient-level variables were selected on
the basis that they were objective, routinely collected
for clinical reasons, could be accurately transcribed
with a low rate of missing data, and would be relevant
to a risk-adjustment model that included a variety of
surgical procedures.

Our study also had some weaknesses. The 7-day cohort
design was chosen as a pragmatic approach to tackling the
paucity of epidemiological data describing this population.
However, care should be taken in applying our findings to
individual hospitals and countries. Variation in factors
such as seasonal weather, industrial action, available
health-care workforce, armed conflict, surgical workload,
and the health-care seeking behaviour of patients might
all affect our results. Furthermore, these factors might
also affect direct comparisons of surgical outcomes with
high-income countries. 14 countries did not provide per-
protocol data samples, which might compromise the
generalisability of the findings to these countries.
However, those hospitals unable to meet our protocol
requirements might possibly face even greater difficulties
in ensuring good patient outcomes. Indeed, more
than half the countries in our study could not fulfil the
protocol requirements for an included sample, and in
hindsight these rules were inappropriately strict. Although
25 African countries participated, this was fewer than half
the countries in Africa, and several low-income countries
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did not take part. Generalisation of our findings to those
unrepresented countries must therefore be cautious,
although they too might have difficulties in delivering
good surgical outcomes. Nearly half the hospitals included
in this study were university-affiliated, and our findings
might underestimate the poor patient outcomes in
smaller, more remote hospitals.

We defined complications according to the published
criteria that were also used in the ISOS study.’ These
definitions were developed in high-income countries,
and it is possible that some complications were under-
reported because of little access to diagnostic tests, for
example in the case of myocardial infarction. Additionally,
the assessment of some other complications can be
subjective, particularly surgical site infection. Although
few of our investigators were experienced researchers, it
was beyond the scope of this project to train them in a
standardised approach to assessing individual com-
plications. This might have resulted in variability in the
findings between hospitals. However, our primary focus
was on all complications, rather than a specific individual
complication. We carefully replicated the design of the
previous ISOS study to enable comparisons with the
current global standard, but this comparison was not
fully contemporaneous as ISOS data were collected in
2014 whereas ASOS was undertaken in 2016.

Surgical patients in Africa are younger, with a lower risk
profile and low complication rates, but twice as likely to die
when compared with the global average. Most deaths
occur after surgery, suggesting a need to improve the safety
through postoperative surveillance for deteriorating
patients on the ward. Contributory factors include few
specialists, poor hospital infrastructure, and low procedural
volumes. The Lancet Commission on Global Surgery”
advocates improving access to safe, accessible, and
affordable surgical care. Our study highlights the
additional importance of effective perioperative care to
achieving this objective in Africa. A pragmatic continent-
wide quality improvement programme, including pro-
spective audits, might reduce the number of preventable
deaths following surgery in Africa.
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