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Abstract 

 Duke University Medical Center neurosurgeon, Dr. Micheal Haglund, 

established a twinning program between Duke and Mulago Hospital in Kampala, 

Uganda in 2008. A study performed in 2011 showed that the program increased 

neurosurgical capacity, but there has been no study looking at patient outcomes. This 

study was thus undertaken to explore patient outcomes in an effort to provide 

information the program could use for evaluating its impact.  

 This study was carried out in a retrospective fashion inclusive of all patients who 

underwent a neurosurgical procedure at Mulago Hospital from fiscal year 2005 to 2013. 

Data for this study was extracted from three sources: surgical log books, patient charts, 

and the Mulago Hospital death registry. Information from these sources were collected 

using electronic data collection tools to determine morality rate (30-day and overall), 

infection rate (pre-op and post-op), and length of stay (total, pre-op, and post-op).  

 Peri-operative mortality rate (POMR), or 30-day mortality, was significantly 

increased from 7.41% pre-program to 13.62% post-program. Overall mortality was also 

significantly increased from 12.96% pre-program to 19.89% post-program. Relative risk 

for POMR was 1.85 (1.13, 3.03) and overall mortality was 1.53 (1.06, 2.22). Pre-op 

infection was significantly decreased from 29.74% pre-program to 22.1% post-program 

with a relative risk of 0.75 (0.56, 1.00). Mean total length of stay and pre-operative length 

of stay were both significantly decreased.  



 

v 

 The results show that the program has had a generally positive impact, but the 

mortality increase is an important question to explore. This result may be attributed to 

complexity and triaging issues, but a prospective analysis is the only way to make that 

determination.  Additionally, further qualitative and deeper quantitative investigations 

can provide a fuller evaluation of the program’s impact.  Overall it is clear that this 

program is allowing greater access to neurosurgery to a population that would have 

otherwise not received care.  
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1. Introduction   

Global surgery elicits debates within the field of global health. Partly because the 

roots of global health are deeply embedded within communicable diseases. Some people 

view global surgeons as “cowboys”, with surgeons going to remote parts of the world, 

performing surgery and then leaving. Others hold the holistic viewpoint that surgeons 

can work within the realm of health systems strengthening to expand surgical access to 

those in need. Regardless of one’s viewpoint, the issue remains that surgical conditions 

significantly contribute to the global burden of disease (Murray 2013). 

Neurosurgery may not be the first thing that comes to mind when thinking about 

global surgery efforts, but in fact it is a major driving force.  Numerous projects around 

the world are related to neurosurgery delivery of care, training programs, and treatment 

of specific neurosurgical diseases (Warf 2011, Haglund 2011, and Figaji 2006). 

Neurosurgical expansion has helped save countless lives. People who may have died of 

treatable head and spine injuries are now being treated by neurosurgeons within 

countries like Kenya and Uganda.  

1.1 Neurosurgery in Africa  

Neurosurgery has advanced to a point almost unimaginable only a few decades 

ago. With the advent of neurosurgery specific surgical tools, microscopes, and 

sophisticated brain mapping devices once impossible operations are now feasible and 

have become commonplace. This has expanded the reach of neurosurgery to almost 
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every part of the globe. Throughout Africa there are excellent programs training 

neurosurgeons, but many of these new trainees face challenges, such as proper surgical 

equipment, that limit the advancement of the field (El-Fiki 2010, Park 2010, and Cadotte 

2013). Additionally, wide disparities exist in particular parts of Africa in regards to 

absolute numbers of neurosurgeons. The average is 1 neurosurgeon/1,352,000 people on 

the continent of Africa. Compare this to the worldwide average of 1 

neurosurgeon/232,000 people and to North America’s average of 1 neurosurgeon/81,000 

people, and the disparity is clear (El Khamlichi 2001).  

 Absolute numbers of neurosurgeons only partially reveals the disparity. 

Factoring in variables such as location of neurosurgeons, ability to get to a neurosurgeon 

and increased density of neurosurgeons within major cities, the disparity widens. Other 

areas of concern are the ability to train neurosurgeons, the availability of the proper 

equipment, and the retention of neurosurgeons within the country after training 

(Dechambenoit 2010, Härtl and Ellegala 2010). These challenges serve as important 

contextual details that programs must consider in expanding neurosurgical access.  

1.2 Neurosurgery in Uganda  

Uganda lies in Sub Saharan Africa in the Eastern part of the continent. Its 

geographic location has led to many challenges, but also benefits, over the years. One of 

the major benefits being that it lies within the Nile river basin and is bordered by a large 
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lake, Lake Victoria, on its southeast border.  This allows the country to have a booming 

agricultural sector which drives the national GDP.  

Despite its agricultural advantages the country still faces many challenges in 

terms of burden of disease (Lozano, Naghavi et al. 2012). One of the major issues that the 

country faces is injuries, many of which are road traffic accidents and a high proportion 

of those cases need neurosurgical care (Adeolu, Abiona et al. 2012). Neurosurgery has 

fortunately been around a while in Uganda thus a portion of these injuries are being 

treated.  

One of the earliest papers available on neurosurgery in Uganda dates back to 

1987 and discusses the early development of neurosurgical care at Mulago Hospital in 

Kampala, Uganda (Kiryabwire 1987).  As outlined in the paper, neurosurgical care 

started in October of 1969 with only 2 surgeons and a bed capacity of 27. At that time 

Mulago was the only hospital in Uganda with neurosurgical capabilities for the entire 

country. Currently there are only 5 neurosurgeons for the population of Uganda (30 

million people) which equates to about 1 neurosurgeon/6 million people (El Khamlichi 

2005).  

1.3 Twinning Program  

Mulago hospital has served as the national referral hospital in Uganda since 1962 

(Kiryabwire 1987). This fact along with its relatively long history of treating 

neurosurgical diseases made it the prime location to begin a twinning program with a 
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neurosurgical center in the United States. Dr. Michael Haglund, from Duke University, 

spearheaded implementation of this program along with Ugandan partners. The 

program began in 2008 with a two-pronged approach, which included bringing 

necessary surgical equipment and starting neurosurgical training sessions (Haglund 

2011). Sessions not only trained neurosurgeons but also anesthesiologists, nurses, and 

other health care workers (Lipnick, Mijumbi et al. 2013). Diversifying the training to 

encompass all aspects of surgical care addresses some of the concerns that arise when 

implementing neurosurgery training in resource poor settings, such as lack of proper 

pre-op and post-op nursing care (Linden, Sekidde et al. 2012). Since its establishment the 

neurosurgical capacity of Mulago hospital increased in the 2 years following the 

program by 106% (Haglund 2011).  

This program has been a continuous endeavor with teams going to Uganda 1-2 

times per year. Each team consists of nursing staff, anesthesiologists, bio-medical 

engineers, scrub techs, CRNAs, and neurosurgeons. The trips last about 1 full week and 

during this time training sessions happen concurrently with treating neurosurgical 

patients. Each team member is “twinned” with a person from Mulago hospital that 

holds a similar position. The training consists of skill transfers and sharing of best 

practices. Formal teaching rounds occur each morning where all members of the team 

from both Duke and Mulago get together to discuss cases.  



 

5 

1.4 Need for Outcome Data  

Increased neurosurgical capacity within itself is not sufficient, especially given 

that high quality of care and patient outcomes are the true end goal. There lies an 

obligation on the part of any program to measure its impact against these primary 

outcome measures. There are multitudes of studies within Africa that look at particular 

neurosurgical procedures (Gathura 2010, Nathoo 2011, Warf 2011, and Warf 2013). All of 

these studies look at outcome data, such as mortality rates, infection rate, and length of 

stay, as this information is readily available. Thus far an examination of these measures 

has yet to be performed to determine the twinning program’s impact at Mulago 

Hospital.  

1.5 Goal of Study  

 This study’s purpose is to evaluate the change in neurosurgical outcomes (post-

operative mortality, infection rate, and length of stay) for the years following 

implementation of the twinning program at Mulago Hospital. The study was carried out 

in a retrospective fashion looking at all of the neurosurgical cases presenting to Mulago 

hospital from fiscal year 2005 to fiscal year 2013. Data was compared to determine if the 

increased capacity previously demonstrated was accompanied by improved outcomes. 

Study results serve the purpose of informing the twinning program administrators of 

the impact of this program. Additionally, providing them evidence of the areas of 

success and areas in need of improvement.  
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2. Methods  

2.1 Setting  

Mulago Hospital in Kampala, Uganda was the site of all data collection. Mulago 

hospital acts as a national reference hospital for the country, which means that patients 

are referred from the entire spectrum of disease severity. Uganda’s health care system is 

structured with various tiers with national reference hospitals as its highest tier. While 

there are efforts underway to establish other national reference hospitals, Mulago has 

served this purpose alone for decades.  

One of the most important factors of the setting that impacts this study, is that 

Mulago Hospital is a teaching hospital and has the most up-to-date surgical technologies 

within Uganda (Haglund 2011). This means that during the year nearly seventy 

Ugandan medical students and residents, as well as a few dozen visiting students and 

residents around the globe, are being trained within the neurosurgical department. 

There are also many visiting surgeons from other hospitals within Uganda that come for 

training purposes. Moreover, there exists this same teaching/learning environment for 

other positions important in surgical care such as nurses, anesthesiologists, and other 

hospital staff. Lastly, Mulago uses paper copies for all of its records from surgical log 

books to patient’s charts, which makes the record keeping system vulnerable to water 

damage, fire damage, and human error in the form of losing papers.  
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2.2 Sample  

This study is a purely quantitative analysis of surgical outcome data from 

Mulago Hospital. It is a retrospective before-and-after analysis looking at the impact of 

the twinning program. Included in the study are all patients who underwent 

neurosurgical procedures from fiscal year 2005 (FY 05) to fiscal year 2013 (FY 13). Three 

distinct time periods (pre-program, post-program, and new OR) were distinguished 

based upon relevant program milestones: initiation of program (FY 08) and 

establishment of a dedicated operating room for neurosurgery (FY 13).  

2.3 Data Collection  

Data was collected from three primary sources: surgical log books, patient charts, 

and Mulago Hospital yearly death registry. All stages of the data collection process were 

performed independently by Anthony Fuller. To decrease the likelihood of human error 

data was double entered into two separate documents and cross-checked to form a final 

study document. Any discordant entries were re-checked versus the physical hospital 

documents and the entry updated accordingly. When writing on either the surgical log 

books or the medical charts became difficult to interpret the following protocol was 

followed. 

1) That data entry was flagged as incomplete due to writing error  
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2) Flagged data entries were discussed with a key health worker at Mulago 

Hospital who was familiar with the surgical log books or with the medical charts 

depending on where the issue arose  

3) All new data was placed into the data collection tool(s) based on the key health 

worker’s knowledge and flagged as checked by health worker  

 2.3.1 Surgical Log Books  

As part of the normal operation of the main operating theater at Mulago hospital 

all surgeries performed are logged in the surgical log book. A separate book is kept for 

each year and stored in a secure location following the end of that year. Data collection 

began by examining all the surgical log books for the study time period and transferring 

the information using the electronic surgical log book data collection tool (Appendix A). 

Data collected from this stage included: date of operation, patient’s name, age, sex, 

hospital ward, inpatient number, type of anesthesia used, diagnosis, and operation. 

Neurosurgery cases were identified by the hospital ward, which is always designated as 

the neuro ward for patients undergoing neurosurgery procedures. Additionally, for 

ambiguous writing or missing hospital ward information the diagnosis and operation 

details were used to identify neurosurgery cases.  

 2.3.2 Patient Charts  

Inpatient numbers, in addition to patient’s name, age, and sex, were used to 

obtain the patient’s medical chart from medical records. Each chart was meticulously 
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analyzed page-by-page to obtain the relevant outcome measure information as well as 

additional details to provide context for future analyses. An electronic patient medical 

chart data collection tool was used to transfer all data (Appendix B). Before any data was 

entered into the tool a cross-check was performed to match patient’s name, age, and sex 

to the information documented in the surgical log book data collection tool. Data 

collected once this check was performed included: death vs. discharge, date of 

death/discharge, admission date, infection prior to surgery, infection post-surgery, any 

antibiotics used during their stay, any radiographic results documented, GCS score at 

admission and prior to discharge, mechanism of injury, and referral hospital.  

2.3.3 Mulago Hospital Death Registry 

When a patient dies at Mulago Hospital two important documentation 

procedures are followed. First, that patient’s chart is compiled with all relevant 

documents arranged and the file is taken to the medical records department and stored 

with all the other death records. Second, before that chart is stored the medical records 

department documents the patient’s death within the death registry. The death registry 

is a book that is compiled yearly that includes every patient that has died within 

hospital premises with basic documentation of inpatient number, name, age, hospital 

ward, and cause of death. As all of the patient death records were stored in an 

inaccessible manner, for this study the death registry was examined to determine those 

patients that died following a neurosurgical procedure. This portion of data collection 
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was performed by going through every name in the death registry and cross-checking 

against the collected surgical log book information any patient who died and was from 

the neuro ward or their death was neuro related. A multi-stage check was performed by 

first cross-checking to make sure the inpatient number matched and then whether the 

age, sex, and name matched. If this multi-stage check was clean then that patient’s death 

details were recorded in the patient medical chart data collection tool.  

2.4 Data Management  

Data was collected and stored on Anthony Fuller’s laptop. This laptop was 

encrypted through Duke University School of Medicine and had multiple passcode 

entry points prior to being able to access data on the computer. During data entry the 

laptop was backed up on a one terabyte, encrypted hard-drive. A further data security 

measure was taken to back up all data onto the surgical servers at Duke. Data entry itself 

was performed in a locked room located in the Makerere University Medical School 

Administration Building. Only Anthony Fuller had the key to this room, outside of the 

janitorial and administrative staff. Only a single surgical log book or death registry book 

was accessed at a time. During patient chart data collection only the number of charts 

able to be completed in a day were taken from the medical records department. 

Immediately following data entry and cross-checking for consistent results, all materials 

were immediately returned to their proper locations before obtaining new data.  
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2.5 Measures  

This study had three primary outcome measures: hospital mortality rate, hospital 

infection rate, and length of stay. Hospital mortality rate is defined as a person who died 

while in the hospital during their initial hospitalization during which their operation 

was performed within thirty days of their procedure. Patients that were discharged from 

the hospital but were re-hospitalized at a later date were not factored into this measure. 

Overall mortality rate is a measure that was used in this study to capture all patients 

that died during a re-admission or died greater than 30 days from the date of their 

procedure. Hospital infection rate was split into two time periods: pre-operation and 

post-operation. Pre-operation infection was defined as any person who came into the 

hospital with a clearly documented fever and was treated with antibiotics. Post-

operation infection was similarly defined, but with the caveat that during post-operative 

care a new fever needed to be documented and new antibiotics prescribed or altered to 

specifically address the post-operative infection. Finally, length of stay was defined as 

the total number of days in the hospital following operation either until death or until 

discharge.  This measure was also split into pre-operation and post-operation, with pre-

operation defined as admission date until procedure and post-operation as procedure 

until death or discharge.  
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2.6 Data Analysis  

Data analysis was performed using Stata 13.1 (StataCorp. 2013. Stata Statistical 

Software: Release 13. College Station, TX: StataCorp LP) and Microsoft Excel 2014. 

Descriptive analysis was performed for the entire study and the three defined time 

periods described earlier. Chi-squared testing and t-testing were performed with p-

values reported for significant differences in defined time periods. Statistical significance 

was evaluated at p-values of <0.05. In all subsequent tables statistically significant results 

are bolded. Further analyses were performed to determine the risk differences, risk 

ratios, and odds ratios for the three primary outcome measures with 95 percent 

confidence intervals reported for all.  
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3. Results  

During the total study time frame 1,878 individuals underwent neurosurgical 

procedures at Mulago Hospital. Of those procedures 496 occurred during the Pre-

program time frame, 978 occurred during the post-program time frame, and 404 

occurred during the New OR timeframe. Patients operated on at Mulago Hospital 

during the study period tended to be males and pediatric patients, with this trend being 

maintained throughout each time frame. The basic demographics for the full study and 

the individual time frames are outlined in Table 1.  

 

Table 1: Basic Demographics  

  Full Study  Pre-Program  
Post-

Program  
New OR  

Number of Patients  1878 496 978 404 

Gender (%)   

Male  1084 (66.34) 255 (62.35) 530 (64.40) 299 (74.38) 

Female  550 (33.66) 154 (37.65) 293 (35.60) 103 (25.62) 

Age   

Mean 19.64 17.43 19.36 22.56 

0-5 575 179 290 106 

5-10 88 26 46 16 

10-15 75 13 49 13 

15-20 105 26 50 19 

20-30 317 54 162 101 

30-40 189 41 90 58 

40-50 105 29 51 25 

50-60 67 19 32 16 

60+ 83 18 42 23 
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Looking at the number of cases from year to year, the total number of cases 

fluctuated within a narrow range from a low of 137 total cases in FY 06 to a high of 188 

total cases in FY 09. The large spike in total cases didn’t happen until FY 12 when the 

total cases surpassed the 200 mark and hit 243 total cases. With the establishment of a 

dedicated neurosurgery operating room the total cases skyrocketed up to 404. Details of 

the specific numbers of cases for each year and type of cases performed are outlined in 

Table 3 and a visual representation is provided in Figure 1.  

Diagnosis and operation performed was coded creating twelve specific 

neurosurgical procedures. When looking at this information within the study time 

frames (Table 2) the top four procedures performed (shunt, myelomenigocele, tumor, 

and trauma) didn’t change.  

Table 2: Neurosurgery case-mix by study time frame (% of cases during study 

timeframe) 

  Full Study  Pre-Program  Post-Program  New OR 

Trauma  575 (30.62) 89 (17.94) 277 (28.32) 209 (51.73) 

Shunt 409 (21.78) 135 (27.22) 213 (21.78) 61 (15.10) 

Myelomenigocele 341 (18.16) 97 (19.56) 198 (20.25) 46 (11.39) 

Tumor  228 (12.14) 63 (12.70) 131 (13.39) 34 (8.42) 

Infection  88 (4.69) 35 (7.06) 30 (3.07) 23 (5.69) 

Tumor Posterior 

Fossa 
53 (2.82) 9 (1.81) 36 (3.68) 8 (1.98) 

Spinal Tumor  44 (2.34) 24 (4.84) 18 (1.84) 2 (0.50) 

Spine  40 (2.13) 7 (1.41) 29 (2.97) 4 (0.99) 

Other  36 (1.92) 15 (3.02) 18 (1.84) 3 (0.74) 

Encephalocele  35 (1.86) 10 (2.02) 17 (1.74) 8 (1.98) 

Extracranial Lesion  17 (0.91) 9 (1.81) 5 (0.51) 3 (0.74) 

Aneurysm 7 (0.37) 1 (0.20) 3 (0.31) 3 (0.74) 

Missing  5 (0.27) 2 (0.40) 3 (0.31) 0 (0.00) 



 

 

 

 

 

Table 3: Neurosurgery caseload and case-mix by fiscal year (% of cases during fiscal year) 

  
Pre-Program  Post-Program  New OR 

FY '05 FY '06 FY '07 FY '08 FY '09 FY '10 FY '11 FY'12 FY'13 

Total Number of 

Cases  
183 137 176 185 188 175 187 243 404 

Trauma  31 (16.94) 20 (14.60) 38 (21.59) 25 (13.51) 47 (25.00) 38 (21.71) 81 (43.32) 86 (35.39) 
209 

(51.73) 

Shunt 54 (29.51) 42 (30.66) 39 (22.16) 43 (23.24) 39 (20.74) 40 (22.86) 37 (19.79) 54 (22.22) 61 (15.10) 

Myelomenigocele 43 (23.50) 23 (16.79) 31 (17.61) 38 (20.54) 48 (25.53) 51 (29.14) 26 (13.90) 35 (14.40) 46 (11.39) 

Tumor  16 (8.74) 20 (14.60) 27 (15.34) 31 (16.76) 23 (12.23) 20 (11.43) 21 (11.23) 36 (14.81) 34 (8.42) 

Infection  10 (5.46) 13 (9.49) 12 (6.82) 9 (4.86) 4 (2.13) 5 (2.86) 6 (3.21) 6 (2.47) 23 (5.69) 

Tumor Posterior 

Fossa 
3 (1.64) 1 (0.73) 5 (2.84) 4 (2.16) 10 (5.32) 10 (5.71) 4 (2.14) 8 (3.29) 8 (1.98) 

Spinal Tumor  5 (2.73) 4 (2.92) 6 (3.41) 5 (2.70) 3 (1.60) 2 (1.14) 5 (2.67) 3 (1.23) 3 (0.74) 

Spine  4 (2.19) 2 (1.46) 1 (0.57) 14 (7.57) 8 (4.26) 1 (0.57) 2 (1.07) 4 (1.65) 4 (0.99) 

Other  7 (3.83) 2 (1.46) 0 (0.00) 2 (1.08) 0 (0.00) 0 (0.00) 2 (1.07) 1 (0.41) 3 (0.74) 

Encephalocele  4 (2.19) 0 (0.00) 6 (3.41) 7 (3.78) 2 (1.06) 3 (1.71) 2 (1.07) 3 (1.23) 8 (1.98) 

Extracranial 

Lesion  
6 (3.28) 9 (6.57) 9 (5.11) 6 (3.24) 2 (1.06) 4 (2.29) 1 (0.53) 5 (2.06) 2 (0.50) 

Aneurysm 0 (0.00) 0 (0.00) 1 (0.57) 0 (0.00) 1 (0.53) 0 (0.00) 0 (0.00) 2 (0.82) 3 (0.74) 
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Figure 1: Visual representation of neurosurgery caseload and case-mix by fiscal year 

16 
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Mortality, infection rate, and length of stay were the three outcome 

indicators evaluated in this study. The study specifically examined the 

information from the pre-program and post-program patients, as these are the 

only patients that had full data collected. In examining the 30 day and overall 

mortality rates pre-program vs. post-program there was a statistically significant 

difference found with the chi-squared p-value of 0.012 (mortality w/in 30 days) 

and 0.021 (mortality overall) (Table 4). For those patients operated on post-

program their relative risk of death both within 30 days and overall increased to 

1.85 and 1.53 respectively (Table 5).  

Infection rate was also broken into two categories: pre-operation and 

post-operation. Statistical significance was only seen between pre-program and 

post-program for pre-operation infection rate (Table 4). Post-program the relative 

risk of infection pre-operation was 0.75 (Table 5).  
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Table 4: Pre-program vs. post-program (mortality and infection) 

  Full Study  Pre-Program  
Post-

Program  

Chi-Sq                       

p-value 

Mortality    

D/C (%) 552 (83.26) 235 (87.04) 294 (80.11) - 

Death w/in 30 

(%) 
73 (11.01) 20 (7.41) 50 (13.62) 0.012 

Death overall 

(%) 
111 (16.74) 35 (12.96) 73 (19.89) 0.021 

Infection    

Pre-Op (%) 134 (25.52) 69 (29.74) 65 (22.18) 0.049 

Post-Op (%) 101 (19.39) 47 (20.26) 54 (18.69) 0.652 

 

Table 5: Pre-program vs. post-program (risk profiles) 

  RD (95% CI) RR (95% CI) OR (95% CI) 

Mortality    

Mortality w/in 

30 

0.0669 (0.0172, 

0.1167) 
1.85 (1.13, 3.03) 1.99 (1.16, 3.43) 

Mortality 

Overall  

0.0693 (0.0121, 

0.1265) 
1.53 (1.06, 2.22) 1.67 (1.08, 2.58) 

Infection    

Pre-Op  
-0.0756 (-0.1512, 

0.0001)  
0.75 (0.56, 1.00) 0.67 (0.45,1.00) 

Post-Op 
-0.0157 (-0.0843, 

0.0528) 
0.92 (0.65, 1.31) 0.90 (0.59, 1.40) 
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Length of stay was defined as three periods: total length of stay in 

hospital, pre-operation length of stay, and post-operation length of stay. There 

was a statistically significant decrease in total length of stay and pre-operation 

length of stay when comparing pre-program to post-program (Table 6).  

Table 6: Pre-program vs post-program (length of stay) 

  Full Study  
Pre-

Program  

Post-

Program  

T-Test                               

p-value  

Total    

Mean  31.34 34.2 28.5 

0.0174 
Range 2-198 3-195 2-198 

Percentile 

(25th,Median,75th) 
14,23,39 16,25,42 13,21,34 

Pre-op   

Mean  19.82 21.53 17.64 

0.0410 
Range 0-194 0-184 1-194 

Percentile 

(25th,Median,75th) 
6,14,27 7,14,29 6,12,22 

Post-Op   

Mean  18.01 19.64 17.61 

0.5664 Range 0,530 0,530 0-334 

Percentile 

(25th,Median,75th) 
4,7,13 7,8,13 3,7,13 

  

To provide a deeper understanding and fuller picture of the results 

mortality rate, infection rate, and length of stay were also looked at by fiscal year 

(Table 7).    Additionally, results were placed into figures to fully visualize the 

trends on a year-by-year basis. (Figure 2, 3, 4). 
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Table 7: Outcome measures by fiscal year  

  

Pre-Program  Post-Program 

FY '05 FY '06 FY '07 FY '08 FY '09 FY '10 FY '11 FY'12 

Mortality 

Rate  
  

w/in 30  2.73% 1.46% 7.39% 6.49% 3.72% 4.00% 5.88% 5.35% 

Overall  4.37% 4.38% 11.94% 11.35% 6.38% 7.43% 6.41% 6.17% 

Infection 

Rate 
  

Pre-Op 26.36% 41.51% 26.09% 20.00% 21.74% 28.85% 20.55% 21.15% 

Post-Op 20.00% 16.98% 23.19% 25.00% 21.74% 21.15% 16.44% 8.00% 

Length of 

Stay 

(Mean, 

Median) 

  

Total  
34.3, 

23.50 

31.08, 

25.00 

36.43, 

27.00 

28.61, 

20.00 

30.72, 

21.50 

29.40, 

27.50 

26.07, 

19.00 

28.9, 

21.00 

Pre-Op 
23.04, 

14.00 

19.70, 

14.00 

20.55, 

14.00 

17.86, 

12.00 

17.22, 

10.50 

18.40, 

15.00 

16.37, 

10.00 

18.67, 

14.00 

Post-Op 
16.32, 

8.00 

29.17, 

8.00 

17.73, 

8.00 

18.92, 

7.00 

22.16, 

6.50 

21.32, 

7.00 

12.92, 

6.00 

14.23, 

5.00 
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Figure 2: Mortality rate by fiscal year  
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Figure 3: Infection rate by fiscal year  

 

 

 

Figure 4: Median length of stay by fiscal year 
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4. Discussion  

4.1. General  

This retrospective analysis of all patients undergoing a neurosurgical procedure 

at Mulago Hospital from fiscal year 05 to 13 evaluates three commonly reported 

outcome measures: 30-day mortality rate, infection rate, and length of stay. Given that 

the twinning program has a goal of impacting these measures this study evaluates how 

well the program has done in that regard. As the results show there is a mixed picture of 

the program’s impact on these outcome measures. One thing the results show clearly is 

that with the addition of a dedicated neurosurgery operating room the number of cases 

performed has increased tremendously.  

4.2. Perioperative Mortality Rate (POMR) 

Of all the outcome measures, mortality rate holds a significant position given 

death’s finality and its relative ease of reporting. To provide a comparative framework 

between studies and throughout the world mortality has been specifically defined as 

perioperative mortality rate (POMR). POMR is reported as death within thirty days 

following operation from either surgical or anesthesia related complications (Watters 

2014). Defining mortality in this way has allowed for meta-analyses to be performed 

looking at the difference between developed and developing nations, which show that 

there is a significant difference but overall POMR is trending down globally (Bainbridge 

2012).  
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Within this study there was a significant increase in the POMR comparing pre-

program to post-program 7.41 and 13.62 respectfully. Looking at this information in 

isolation can be misleading given some of the intrinsic issues with POMR such as the 

fact that acute complex emergency cases will increase POMR (Jacobs 2006). Mulago 

hospital serves as the tertiary referral center and thus the case complexity is high. Also 

with the added capacity increase for neurosurgery patients it is possible increasingly 

complex patients are being referred and thus increasing the mortality rate. Given the 

limited ability to truly measure complexity of cases due to record keeping, it would be 

hard in this context to determine if the complexity hypothesis is correct. An additional 

piece of information to consider is Figure 2, which shows that there was a large spike in 

POMR in FY 07 and 08. More recent fiscal years show POMR has dropped and is 

hovering between 4 -6% which is reassuring for the program.  

4.3. Infections  

Infections in surgical patients must always be taken from a pre-operative and 

post-operative perspective. The reason being that the meaning of the infection is 

different dependent on its timing. A pre-operative infection in a surgical patient can be 

viewed at as a co-morbidity which impacts the outcome of that surgery (Conterno 2014). 

Additionally, a pre-operative infection may have been picked up prior to 

hospitalization. Post-operative infections also impact the outcome but are seen as a 

complication and picked up while in the hospital particularly during the surgery itself.  
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In this study the infection rates for both pre-operative and post-operative 

infections were high. While both infection rates decreased post-program only the pre-

operative infection rate decreased in a statistically significant manner. In comparison to 

other studies within Uganda, like a study out of  Lacor Hospital where they reported an 

infection rate of around 28%, the rates at Mulago are lower (Greco 2011). While this is 

reassuring, Mulago Hospital has to be weary of the growing problem of resistant 

microbial infections. A study performed at Mulago Hospital showed that 68.8% of 

patients swabbed were culture positive with 78.3% of cultures producing multi-drug 

resistant bacteria (Seni et al. 2013). Given the high rates of infections seen in this study a 

greater emphasis must be placed on pre-operative and post-operative care. Alterations 

as simple as changing the type of pre-surgical scrub can have a large impact on post-

operative infections (Sidhwa 2015).  

4.4. Length of Stay  

How long a surgical patient stays in the hospital can be multi-faceted. A patient’s 

disease, disease severity, co-morbidities, and post-operative complications can all extend 

the length of time in the hospital. At Mulago Hospital within the neurosurgery ward 

there are context specific issues that add to this such as waiting time for an operation, 

need to purchase certain materials before an operation can be performed, and sometimes 

even lack of appropriate surgical equipment to perform the surgery. Neurosurgery 

patient’s length of stay must be understood in this context. For this study the overall and 
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pre-operative length of stay both significantly decreased following the program. This is 

likely attributed to the context specific factors like availability of surgical equipment and 

greater access to neurosurgeons. Although it must be noted that the mean length of time 

in-hospital is still almost a month and pre-operative and post-operative mean lengths of 

stay are both around two weeks.  

4.5. Challenges  

Proper and complete documentation and accessing documents were the only 

major challenges faced during this study. Surgical log books were easy to access but 

were sometimes falling apart and the writing was extremely difficult to interpret. This 

led to multiple omissions in the data collection tool and thus some patients were 

excluded. Additionally, the documentation procedure within the surgical log books 

shifted from year to year, thus not every year included every data point. Patient charts 

had the same issues with incomplete and varying levels of reporting. The death registry 

was the one document that was consistent and easy to use. Access to patient charts was 

difficult given the record keeping process and the separation of death records from all 

other records.  

 

4.6. Limitations  

With the retrospective nature of this analysis, there lies an inherent limitation to 

the study in being able to fully evaluate neurosurgical outcomes. The record keeping at 
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Mulago was not geared towards exploring these specific measures in detail and thus not 

all information was present for every patient or even recorded every year. This lead to 

important details being excluded for some patients and others needing to be dropped 

completely from the analysis. To mitigate this issue the study was conducted collecting 

relevant information from all available resources. This allowed for details to be pulled 

from different locations to provide a complete dataset for a patient that would have 

otherwise been dropped if this task was not undertaken. Lost or missing patient charts 

was an issue that this study was unable to fully address.  

Another important limitation to this study is the limited scope of the three 

outcome measures in question. For instance within neurosurgery it is normal for 1-year 

and even 3-year mortality rates to be reported. Since this study was unable to follow-up 

patients after they were discharged, there was no way to report on 1-year mortality 

rates. Quality of life metrics and disability metrics are also important following major 

neurosurgery procedures and this study was unable to evaluate those given the 

documentation and follow-up constraints. A prospective analysis would allow for these 

important metrics to be explored.  
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5. Conclusion 

Neurosurgical capacity increase has already been clearly demonstrated for the 

twinning program between Duke University Medical Center and Mulago Hospital. This 

study further confirmed that and demonstrated the even greater impact a dedicated 

neurosurgical operating room can have.  It also examined how this program has 

impacted the outcome measures that are important to patients and hospitals alike. In 

this respect the program’s impact is mixed, given that the program positively impacted 

pre-operative infections, total length of stay in hospital and pre-operative stay in 

hospital, but negatively impacted 30-day and overall mortality.  

Overall the results show that the program has had a positive impact, but the 

mortality increase is an important question to explore. This result may be attributed to 

complexity and triaging issues, but a prospective analysis would be the only way to 

make that determination.  Additionally, further qualitative and deeper quantitative 

investigations can provide a fuller evaluation of the program’s impact.  Overall it is clear 

that this program is allowing greater access to neurosurgical care to a population that 

would have otherwise not received care.   



 

 

Appendix A: Surgical Log Book Data Collection Tool 

 

Date 
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Number 

Patient's 

name 
Age Sex Ward 

Inpatient 

Number 

Anesthesia 

Used 
Diagnosis Operation 

Neurosurgery 

Case 
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Appendix B: Patient Medical Chart Data Collection Tool 
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Date  

Died/ 

Discharge  

Death/Discharge 

Date  

Length 

of 

Stay 

Total  

Length 

of Stay 

Pre-Op 

Length 

of 

Stay 

Post-

Op 

Infection 

Pre-Op 

Infection 

Post-Op 

CT 

Results  

Mechanism 

of Injury  
Notes  
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