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Abstract N\
Obijective: Predict loss to follow-up in prospective clinical investigations of lower extremity fracture surgery.

Design: Secondary analysis of 2 prospective clinical trials.

Setting: National public orthopaedic and neurologic trauma tertiary referral hospital in Dar es Salaam, Tanzania, a low-income
country in sub-Saharan Africa.

Patients/Participants: Three hundred twenty-nine femoral shaft and 240 open tibial shaft fracture patients prospectively
enrolled in prospective controlled trials of surgical fracture management by external fixation, plating, or intramedullary nailing between
June 2015 and March 2017.

Intervention: Telephone contact for failure to attend scheduled 1-year clinic visit.

Main Outcome Measurements: Ascertainment of primary trial outcome at 1-year from surgery; post-hoc telephone
questionnaire for reasons patient did not attend the 1-year clinic visit.

Results: One hundred twenty-seven femur fracture (39%) and 68 open tibia fracture (28%) patients did not attend the 1-year clinic
visit. Telephone contact significantly improved ascertainment of the primary study outcome by 20% between 6-month and 1-year
clinic visits to 82% and 92% respectively at study completion. Multivariable analysis associated unemployment (OR=2.5 [1.7-3.9],
P < .001), treatment with an external fixator (OR=1.7 [1.0-2.8], P=.033), and each additional 20 km between residence and clinic
(OR=1.03 [1.00-1.06], P=.047] with clinic nonattendance. One hundred eight (55%) nonattending patients completed the
telephone questionnaire, reporting travel distance to the hospital (49%), and travel costs to the hospital (46%) as the most prevalent
reasons for nonattendance. Sixty-five percent of patients with open tibia fractures cited relocation after surgery as a contributing
factor.

Conclusions: Relocation during recovery, travel distance, travel cost, unemployment, and use of an external fixator are associated
with loss to clinical follow-up in prospective investigations of femur and open tibia fracture surgery in this population. Telephone
contact is an effective means to assess outcome.

Abbreviations: OR = odds ratio; km = kilometer.
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1. Introduction

Patient follow-up is a necessary part of clinical research. Loss to
follow-up (LTFU) undermines the validity of conclusions drawn
from clinical studies.!! LTFU in randomized controlled trials
varies across medical and surgical research with a median rate of
6% (interquartile range of 2%-14%).1!

Orthopaedic trauma surgery may be particularly vulnerable to
LTFU. Traumatic pelvic and extremity injuries that interfere with
physical function also interfere with travel to follow-up
appointments. Patients who sustain orthopaedic trauma tend
to be young, employed, and often have social and financial
responsibilities to dependents that compete with researchers’
requests to return to clinical research sites for follow-up
evaluations.'*! These barriers to follow-up are problematic
for Level Iand II prospective trials in orthopaedic trauma surgery,
for which LTFU rates range from 6% to 28%.>% Simulated
reanalysis of randomized trials suggests that LTFU greater
than 15% to 25% decreases the probability of finding a real
difference in outcome between surgical interventions in ortho-
paedic trials.!

Identifying patients at greater risk of nonattendance of follow-
up may inform the design of successful clinical trials in
orthopaedic trauma surgery. In high-income countries (HIC),
tobacco use, high-risk alcohol use, male sex, residence distant
from the study site, nonprivate insurance, and hip and pelvis
fractures have been associated with a greater risk of LTFU.1>¢7!
Randomized trials in HIC have achieved less than 7% LTFU
through active patient communication and tracking focused on
patients at risk for LTFU.I*”! However, mitigating LTFU is
particularly challenging in low- and middle-income countries
(LMICs): physical and economic barriers to follow-up are more
prevalent while human, financial, and technological resources to
facilitate follow-up may be limited.”®! Few investigators have
published strategies for limiting surgical LTFU in LMICs. Sparse
data suggest that travel distance and medical conditions that
may interfere with travel may be prognostic of LTFU in these
settings.[1°!

The purpose of this study was to identify predictors of LTFU in
prospective clinical investigations of lower extremity fracture
surgery in a low-income country. We combined 2 cohorts of
patients previously enrolled in separate prospective surgical trials
at 1 tertiary orthopaedic surgical center in Tanzania, a low-
income country in sub-Saharan African and surveyed their
reasons for not returning to clinic. We hypothesize that
demographic, injury, and treatment characteristics are predictive
of LTFU after lower extremity trauma surgery.

2. Methods

A secondary analysis was performed with samples of 2 surgical
trials conducted at 1 tertiary orthopaedic center in Dar Es
Salaam, Tanzania. The Femur study was a prospective,
controlled investigation of surgical treatment of diaphyseal
femur fractures by intramedullary nail, plating, or external
fixation enrolling from July 2012 to July 2013."" Exclusion
criteria were pathologic fracture, prior surgery involving the
affected femur, presentation > 6 weeks from injury, active
infection at the planned surgical site at recruitment, severe
traumatic brain injury, severe burns, and unwillingness or
anticipated inability to complete follow-up clinic visits. Patients
with ipsilateral tibia fractures were not excluded. The Femur
study was funded by grants from the Orthopaedic Research and
Education Foundation and Orthopaedic Trauma Association.
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The Tibia study was a prospective, randomized, controlled study
investigating differential reoperation rates following surgical
treatment of open diaphyseal tibia fractures by intramedullary
nail or external fixation enrolling from June 2015 to March
2017.12! Exclusion criteria were traumatic wounds that required
a flap for closures, vascular injury requiring repair, ipsilateral
femur fracture, contralateral femur or tibia fracture, pathologic
fracture, prior lower limb deformity, severe traumatic brain
injury (Glasgow Coma Scale <12), spinal cord injury, severe
burns (> 10% total body surface area, or >5% total body
surface area with full thickness or circumferential injury), or
unwillingness or anticipated inability to complete follow-up clinic
visits. The Tibia study was funded by grants from Wyss Medical
Foundation and Doris Duke Charitable Foundation. The
Tanzanian Femur Trial, Tanzania Open Tibia Study, and this
re-analysis were approved by the research ethics committees of
the Muhimbili Orthopaedic Institute, Muhimbili University of
Health and Allied Sciences, and University of California San
Francisco (UCSF) IRB #11-07644 and #14-14792, respectively.
DWS and ENE were co-primary investigators for the Tanzania
Femur Trial. SM and BTH were coprimary investigators for the
Tanzania Open Tibia Study. All patients completed written
informed consent prior to enrollment.

Demographic, socioeconomic, injury, and treatment character-
istics were recorded at enrollment in both trials. Clinic
evaluations specified per study protocols at 2-week, 6-week, 3-
month, 6-month, and 1-year study follow-up visits ascertained a
common primary outcome of reoperation at the fracture site.
Between the 6-month and scheduled 1-year study visits, study
coordinators contacted patients or their relatives by telephone to
request that patients attend an in-clinic follow-up appointment at
1 year after their index surgery. The purpose of the 1-year study
visit was to obtain radiographs and a clinical examination
documenting the presence or absence of a reoperation or a
complication meriting a reoperation, as determined by the
adjudication committee of the respective study. Routine and
study-specific follow-up care was provided free of charge in
separate Saturday clinics created and staffed solely for the
purposes of study follow-up. No additional monetary reward,
transportation compensation, or other financial incentive was
provided to patients for completion of follow-up visits.

For this secondary analysis, participants of both studies were
pooled then separated into 2 cohorts: those who completed an in-
person clinic visit at 1 year from the index surgery and those who
did not (LTFU). A telephone survey was introduced as a study
modification to counter and characterize LTFU. Study coor-
dinators surveyed participants (or family if the participant was
not directly available) in the LTFU cohort from each study using a
telephone questionnaire assessing subjective reasons for nonat-
tendance of the 1-year follow-up visit (Supplement, http://links.
lww.com/OTAI/A9). The questionnaire evolved from the Femur
study to reflect more direct and accessible language in the Tibia
study, and additional questions were posed to better understand
patient relocation behavior and payment concerns. For this
reanalysis, the questions from each study were mapped to 1 of 6
domains: travel distance, travel cost, fear of hospital payment,
feeling well, work obligations, and other medical issues
(Table S1, Supplement, http:/links.lww.com/OTAI/A9). The
primary study outcome of reoperation was also assessed
subjectively and remotely at this telephone contact. Study
coordinators collected data electronically using REDCap (Re-
search Electronic Data Capture, Vanderbilt University, Nash-
ville, Tennessee) hosted at UCSF. Road-travel distance to the
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clinic site from place of residence was estimated in kilometers
using Google Maps (Google, Mountain View, California).
Demographic, socioeconomic, injury, and treatment variables
collected at enrollment were compared between studies as well as
by LTFU from either study. x> tests were used for categorical
data. Student ¢ test and Wilcoxon rank-sum tests were used for
parametric and nonparametric continuous data, respectively.
While the variables collected in each study overlapped sufficiently
to pool data, these variables were not selected during the design
of either trial with a specific intent for this reanalysis.
Multivariable regression of LTFU with baseline variables
common to both studies as well as study identity was performed
by backwards stepwise regression with model optimization using
the Akaike Information Criterion to determine independent
predictors of LTFU. Hosmer and Lemeshow goodness-of-fit and
likelihood ratio postestimation tests validated the multivariable
model selection. Analyses were performed using Stata statistical
software (version 15.0, StataCorp, College Station, Texas).

3. Results

Five hundred sixty-nine participants were enrolled among the 2
studies (329 Femur, 240 Tibia). Patients were predominantly

Baseline patient characteristics by completion of 1-year study
follow-up in a clinic visit.

Overall Lost to follow-up
n=569 n=127
Demographic
Male (no [%]) 483 (85.8) 168 (88.0)
Age (mean + SD) 32.0+11.0 31.4+10.4
Body mass index (mean + SD) 249+59 243+5.1
Diabetes 13 (3.5) 42.1)
Human immunodeficiency virus 1(<1) 0
Current smoker 89 (15.9) 37 (19.9)
Current alcohol user 186 (33.4) 63 (33.3)
Socioeconomic
Distance from clinic (km; median [IQR]) 14.4 (8.6-23) 16.4 (8.9-25.4)
Private medical insurance 36 (6.4) 6 (3.1)
Unemployed 273 (48.8) 117 (62.2)
Employment physical demands
Mostly sitting or standing 197 (68.6) 46 (64.8)
Mostly walking but not heavy lifting 68 (23.7) 18 (25.4)
Heavy manual labor 22 (1.7) 7099
Injury
Occurred during rainy seasons 260 (45.6) 101 (51.8)
(Mar—May, Nov—Dec)
Mechanism of injury
Pedestrian struck by vehicle 100 (18.4) 31 (16.9)
Motor vehicle crash 191 (35.1) 66 (35.7)
Motor cycle crash 204 (37.4) 70 (37.9)
Fall 41 (7.5) 13 (7.0)
OTA classification
Type A 329 (59.4) 112 (61.9)
Type B 155 (28.0) 52 (28.7)
Type C 70 (12.6) 17 9.4)
Multiple extremity injury 60 (20.6) 24 (26.7)
Definitive fixation
External fixation 122 (21.5) 44 (22.7)
Plate 4(0.7) 1(0.5)
SIGN intramedullary femur nail 426 (75.0) 144 (74.2)
Non-SIGN intramedullary femur nail 16 (2.8) 5(2.8)

IQR = interquartile range; km = kilometers; OTA = Orthopaedic Trauma Association; SD = standard
deviation; SIGN = Surgical Implant Generation Network.
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Multivariable analysis of patient characteristics associated with
loss to follow-up.

Patient variables 0dds ratio P value
Male sex 1.8 [0.9-3.3] .079
Unemployment 2.5 [1.6-3.8] <.001
Current smoker 1.6 [0.9-2.6] .092
Open tibia versus femur fracture 0.7 [0.4-1.3] .286
OTA Classification type A/B 1.8 1.0-3.4] .067
Treatment with external fixator 1.8 [1.1-2.9] .024
Each 20km from clinic 1.03 [1.00-1.06] .045

km = kilometers; OTA = Orthopaedic Trauma Association.

male (85.8%) with an average age of 32.0+11.0 years. Most
were employed, participated in ambulatory or light work for their
employment, and sustained less severe injuries by OTA Fracture
Classification (59.3% type A fractures; Table 1)."3! 5.1% of
femur patients and 8% of tibia patients reported an address
within 5 km of the clinic. Telephone access at enrollment
among femur patients was 91% and open tibia patients 98%.
Additional details of the study populations have been previously
reported.[11-12]

The overall loss to in-person clinic follow-up at 1 year was 195
(34.3%) patients. The rate of nonattendance of the 1-year study
visit was significantly different between the femur study (n=127,
38.4%) and the tibia study (n=68, 28.3%; P=.013). The
multivariable regression model considering baseline demograph-
ic, socioeconomic, injury, and treatment factors identified
unemployment (odds ratio [OR]=2.5 [1.6-3.8], P<.001),
fracture stabilization with an external fixator (OR=1.8 [1.1-
2.9], P=.024), and incremental distance between the clinic and
residential address at the time of injury (OR=1.03 [1.00-1.06]
per 20 km, P=.045) as independent predictors of LTFU
(Table 2). Notably, sustaining a femoral shaft fracture versus
an open tibial shaft fracture was not significantly associated with
loss to follow-up after multivariable adjustment for baseline
covariables (Table 3).

The telephone survey was completed by 108 individuals
(68 femur, 49 tibia) lost to clinical follow-up at the 1-year study
visit (55.3%). Figure 1 illustrates the loss to follow-up at each
scheduled study visit, including the impact of this telephone
contact between the 6 month and final study visits. Telephone
contact ascertained the primary study outcome of reoperation in
20.7% of Femur study participants and 20.4% of Tibia study
participants, improving study completion to 82.2% and 92.1%,
respectively. Patients responding to the telephone questionnaire
most commonly cited travel distance to the hospital (49%) and
travel costs to the hospital (46%) as their reason for failing to
complete in-clinic follow-up. The tibia cohort described feeling

Telephone survey: patient agreement with reasons for nonatten-
dance of 1-year clinic visit.

Reason for nonattendance Pooled Femur Tibia
Travel distance 50% 46% 55%
Travel cost 48% 48% 47%
Feeling well 27% 7% 49%
Fear of hospital payments 11% 14% 8%
Work obligation 4% 5% 2%
Other medical issue 3% 2% 4%
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Figure 1. Telephone contact improves completion of primary study end-point. *Pearson P value <.001. Diagonal lines indicate primary outcome was

determined by telephone contact.

well (49%) as their reason for lack of follow-up while the femur
cohort rarely cited this reason (7%). Additionally, the tibia
cohort identified relocation (65%) as their reason for loss to
follow-up. This question was not posed to the Femur study
participants (Supplement, http:/links.lww.com/OTAI/A9) and
was therefore excluded from pooled analysis.

4. Discussion

This study investigated subjective patient explanations as well as
objective demographic, socioeconomic, injury, and treatment
associations with failure to attend a 1-year, in-person study visit
in 2 prospective clinical trials of lower extremity long-bone
fracture care at a tertiary referral center in Tanzania. Thirty-four
percent of trial participants did not attend their final, 1-year clinic
visit. A telephone survey systematically distributed to these
patients remotely assessed the primary study outcome, thereby
improving study completion by 20% in each trial. Patients
reported relocation during postoperative recovery, travel dis-
tance, travel cost, expected medical costs, and feeling well enough
to require no additional clinical evaluation as subjective reasons
for electing to not return for final follow-up. A multivariable
secondary reanalysis also identified travel distance as well as
unemployment and stabilization with an external fixator as
independent predictors of loss to follow-up, but was not able
to identify key patient-reported barriers to continued study
participation.

Few studies have explored predictors of LTFU in LMICs.
Prospective studies of surgical and medical interventions in sub-
Saharan African LMICs report LTFU in the range of 16% to
43%.131%171 No other study, to our knowledge, has evaluated
risk factors for LTFU after lower extremity trauma in large,
prospective controlled trials in sub-Saharan Africa or quantita-
tively surveyed patients on reasons for nonattendance of follow-
up. We identified barriers to follow-up in Dar es Salaam distinct
from those in HIC orthopaedic trauma populations and
comparable to other sub-Saharan African countries. Patients
relocate during recovery and perceive this as a barrier to follow-
up. We confirm that travel distance to clinic is a barrier to follow-
up in Tanzania as reported in Ghana, Kenya, Malawi, and South
Africa 1116171 \while modifications to study design, case
management, and behavioral interventions have proven effective
in mitigating the barriers of travel distance in both LMICs
and HIC,"31015:181 e demonstrate that unique strategies
are needed to address unique barriers in a LMIC orthopaedic
trauma population.

In HICs, the pooled rate of follow-up in prospective
orthopaedic trauma research is 72% to 96%.31116171 The
FLOW study, a multicenter study of differing fluid pressures and
solutions used for debridement and irrigation for open extremity
fractures performed in HIC in North America, Australia, Europe
as well as India (a lower-middle income country at the time of the
study) achieved 94% in-person or telephone follow-up without
financial incentives through using predetermined strategies to
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limit LTFU."'?! Through a similar secondary reanalysis, the
FLOW Investigators identified age, male sex, current smoking,
high-risk alcohol consumption, polytrauma, severe fracture
grades, and private insurance as risk factors for LTFU—though
patients were not queried as to their own reasons for attrition.!”!
That impressive rate is difficult to compare with the trials
discussed herein. Virtually all subjects in our studies would have
been excluded per the FLOW study protocol: Tanzanian patients
rarely have fixed numeric addresses, 65% of tibia patients
planned to relocate during recovery, and populations were
sampled from distinctly different socioeconomic and geographi-
cal contexts (16 [Study Protocol and Supplementary Appendix,
http:/links.lww.com/OTAI/A9]). The higher rate of LTFU in
LMICs suggests that the population and environment in which
these injuries occur may have a greater influence on return to
clinic and study participation than the injury or treatment.

Travel is a barrier to care in sub-Saharan Africa. Limited
density of surgical specialists may require patients to travel
hundreds of kilometers. Patients often lack personal transporta-
tion; may have limited access to seasonally impractical shared
transportation options; and may lack financial resources for their
journeys. Fracture patients presenting to Dar es Salaam most
frequently reported travel barriers (travel distance, travel cost,
and relocation) as reasons for electing to not return. Less than
10% of patients in our studies reported a residence within a
reasonable walking distance of 5 km of our clinic at the time of
injury, and 65% relocated after injury. Our experience is
consistent with reports across sub-Saharan Africa: 71% of ankle
fracture patients in South Africa were obligated to travel a mean
distance of 460 km.""”! 42.% of Kenyan male circumcision
patients lost to follow-up faced at least 8 hours of travel to reach
the hospital.™! Young et al”! reported 42% loss to in-clinic
follow-up after intramedullary nailing of femoral shaft fractures
in Malawi. Through telephone interviews and outreach visits,
they described anecdotal challenges with transportation infra-
structure, seasonal rains, registration data, and patient access to
telephones.!'”!

Employment data was initially collected to ascertain return to
work after injury. Incidentally, employment at the time of injury
was independently associated with return for follow-up visits, a
strong finding with a 98 % response rate. Employment status may
represent a proxy for socioeconomic status in both HICs and
LMICs. However, the type of orthopaedic condition, occupation,
and income may confound any relationship between employment
and follow-up. Employment reportedly conferred a greater risk
of LTFU in HIC hand surgery patients but was protective in
spinal surgery patients,*>*!! while income strata and specific
forms of employment (unskilled clerical, sales, service, and labor
occupations) were associated with LTFU in a Canadian lower
extremity trauma population.*?! The rate of unemployment at
the time of injury among our Tanzanian lower extremity trauma
patients was far greater than the municipal unemployment rate of
10% to 12% in Dar es Salaam for the study period,”*! which may
reflect the economic status of this population. A limitation of the
present study is that we did not collect more robust metrics of
socioeconomic status and employment data in both trials.

We did not establish a distinction between femur and tibia
fractures with regard to follow-up after adjustment for other
baseline factors. Neither the FLOW trial LTFU reanalysis nor any
other previous LTFU analysis in high- or middle-income
countries has compared follow-up rates by high versus low-
middle income nations, or by fracture location including long
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bone (femur versus tibia) or long bone versus minor appendicular
bone (scapula, clavicle, wrist, foot).!”!

External fixation versus intramedullary nailing of femur and
open tibia fractures was independently associated with higher
risk of loss to follow-up. We are not aware of a previous report of
an orthopaedic implant associated with greater risk of failure to
return to clinic. Because we did not ask patients directly about
their attitudes toward each type of implant, we can only speculate
as to the root of this finding. One possibility is that after implant
removal, which was routine for external fixation, patients were
more likely to “feel well” and not return for long-term follow-up
visits. Patients with intramedullary nails, which were not
routinely removed, were perhaps more likely to attribute residual
symptoms to their retained intramedullary implant and therefore
seek additional follow-up care.

There are limitations to this secondary reanalysis of 2
prospective trials. The covariables collected were not selected a
priori for the purpose of investigating loss to follow-up. The
multivariable model is thus limited by selection bias and clearly
excludes key patient concerns identified in the survey. The pooled
analysis is also limited to variables common to both studies,
which omitted some socioeconomic information (education,
household income, household members), surgeon training level,
and time to treatment as collected in the Tibia study because the
preceding Femur study did not gather these data. We did not
anticipate patient relocation or the impact of transportation
costs, and found no feasible means of objectively estimating
transportation costs due to the variety of modes of transport used
by our patients and limited use or retention of receipts for
transportation charges. Few patients in this study self-reported
HIV status, which is widely discrepant from Tanzanian national
prevalence statistics as well as regional prevalence reported in
femoral shaft fracture patients in Malawi.'”! HIV is strongly
associated with mortality and clinical trial attrition in this
region.’®1°1 Nonetheless, these trials provide proof of concept
that effective and rigorous prospective orthopaedic studies can be
completed in LMICs with high follow-up rates. This study is
strengthened by generalizability to orthopaedic trauma research
in sub-Saharan East Africa as evidenced by similar sample
demographics, injury mechanisms, and distance from treating
center to patient residence as reported by a trauma referral center
in a neighboring country.!3!”}

The findings of this investigation changed our research
practice. At screening, telephone ownership is now mandatory
for trial inclusion. Patients are excluded if study outcomes require
in-person assessment and the participant plans to relocate distant
to the great Dar area during convalescence from their injury. For
outcomes, we developed and validated an outcome tool for femur
fracture that does not require in-person administration to obviate
the need for travel to in-person study visits.”* To offset travel
barriers, we now compensate patients equally at study comple-
tion for travel distance and cost.

In conclusion, employment status, use of external fixator, and
travel distance from clinic are associated with risk of loss to
follow-up in lower extremity orthopaedic trauma patients in Dar
es Salaam, Tanzania. Telephone contact, separate clinics for
study-related care, no charge for study-related care, and explicit
reminders of no-cost care appear to improve attendance of study
follow-up visits. Relocation after injury, travel distance, travel
cost, and perception of no medical need are barriers to convincing
patients to return for follow-up. These findings provide
opportunities to improve future trial design and consider
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behavioral interventions in orthopaedic trauma clinical research
in this setting.
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