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Introduction: Surgery for hydrocele is part of the WHO recommended essential

package of care for people affected by Lymphatic filariasis (LF). In Uganda and

Nigeria, LF programme support for hydrocele surgery began in 2017. In 2021 the

two programmes adopted a newly developed smartphone-based application to

monitor hydrocele surgery and outcome. The application, referred to as the

Hydrocele Tracker, gathers information on surgical registration, preoperative

information, intraoperative information, postoperative information and follow-

up evaluations. It was developed to improve supervision, understand surgical

outcomes and reasons for complications, improve reporting and improve data

quality for Ministries of Health with active LF programmes.

Methods: Hydrocele patient information was collected between October 2021

and May 2023 in Uganda (Lango sub-region, 9 districts) and March 2021 -

September 2022 in Nigeria (Benue, Kaduna, Kebbi, Sokoto and Kogi States).

Additionally patient feedback surveys were undertaken to elicit patient

experience and satisfaction with the hydrocele surgery.
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Results: Patient data from 2,911 records in the Hydrocele Tracker are presented.

Discussion: The discussion highlights the implications of the data for LF

programming, the value of digitisation and approaches to address data quality.
KEYWORDS

lymphatic filariasis, hydrocelectomy, hydrocele, surgery, reporting, digitisation,
Nigeria, Uganda
Introduction

Lymphatic filariasis (LF) is a preventable neglected tropical

disease (NTD) caused by infection with the filarial nematode

parasites Wuchereria bancrofti, Brugia malayi or B. timori (with

the Brugia spp being confined to Southeast Asia) (1). The parasites

are transmitted person to person by mosquitos in the genera Culex,

Anopheles, Mansonia and Aedes. The nematode larvae grow into

adults in the lymphatic system where resulting damage causes

dilation of the vessels. Estimates suggest that 63% of symptomatic

infections are men who exhibit urogenital manifestations including

hydrocele and penoscrotal lymphoedema, resulting in physical

discomfort, psychosocial sequelae and economic loss (1).

Surgical hydrocelectomy is an essential component of the WHO

recommended minimum package of care for LF morbidity

management and disability prevention (MMDP) (2), also referred

to as disease management and disability inclusion (DMDI).

Hydrocelectomy is recommended for all stages of hydrocele, even

small hydrocele, to prevent progression to more severe and

therefore more difficult to treat stages. However, support for and

reporting of hydrocele surgeries has lagged behind that of LF mass

drug administration (MDA) and concerted effort is often required

to fulfil the LF elimination dossier requirement to evidence the

number of patients with hydrocele and the availability of care/

readiness of designated health facilities (3). In the 2022 reporting

period to WHO, nine of 34 LF endemic countries reported care

(surgery) for men with hydrocele. Among the 19 countries that have

achieved elimination of LF as a public health problem, only three

have reported on MMDP after validation (4).

With regard to surgical approaches, theWHO (2019) report from

an informal consultation of experts is a central guiding document

providing the latest recommendation for standard surgical procedures

and processes around post operative care (1). The report recommends

that patients with uncomplicated LF hydroceles (Stage I–II or I-III),

Grade 0–1 should be treated at First Level Hospitals, while those with

complicated hydroceles (Stage III or IV–VI), Grade 2–4 should be

treated at Second or Third Level Hospitals (DCP3 terminology, WHO

2019). To reduce the risk of recurrence the “technique of excision/

resection of the tunica vaginalis is recognised as the preferred

procedure for all stages of LF hydrocele” (1).
02
Risk estimates for complications after hydrocelectomy (both

filarial and non-filarial) vary. In the high income setting of Helsinki

(Finland), 16% of non-filarial hydroceles developed complications

within 90 days post-surgery (5). In African settings, complications

from filarial hydroceles range between 3 and 12% between day 1 and

14 post surgery (6–8). Estimates of recurrence vary from 3-5% in

Ghana, Burkina Faso and Togo (7), around the one year follow-up

point to 7% in Nigeria, 1-3 years post-surgery (8). Poor follow-up

and under reporting of complications is a known challenge (9).

The efforts to strengthen surgical reporting and outcome

monitoring described in this paper respond not only to the needs

of the global effort to eliminate LF as a public health problem but

also national efforts to strengthen data collection, data quality and

data use in the health sector more broadly (10, 11). As described in

the Uganda Health Information and Digital Health Strategic Plan

2020/21-2024/25 “Health information is a vital component in a

health system and is a critical precursor for effective decision-

making for achieving Universal Health Coverage (UHC) of

interventions and positive health outcomes” (11). The need for

robust information systems that promote monitoring and

accountability related to surgical and anaesthesia care is

highlighted in the National Surgical, Obstetrics, Anaesthesia &

Nursing Plan (NSOANP) for Nigeria, 2019-2023 (10).

Against this backdrop, the objectives of this paper are to

contribute towards the development of a standardised care plan

for hydrocele patients that is “sufficiently routine to allow

evaluation of outcomes as well as reporting and publication in

order to benefit other clinicians and patients” (1) by:
1) Learning from the efforts of two national programmes

(Uganda and Nigeria) to scale up their support for

hydrocele surgeries.

2) Documenting the epidemiological findings from an

interrogation of routinely collected (pre-, intra- and post-

operative) programme data.

3) Learning from the piloting of a digital tool, the Hydrocele

Tracker, developed to improve patient follow-up and

supervision, understand surgical outcomes and reasons

for complications, improve reporting and improve

data quality.
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Country background

Uganda
Endemicity of LF has been reported from 70 districts, covering

much of the Northern and Eastern regions and two districts

(Bundibugyo & Ntoroko) in the Western region (12). The

national programme to eliminate LF (PELF) was launched in

2002 and the initial focus was on MDA with ivermectin and

albendazole1. The PELF started supporting MMDP, including

hydrocele surgeries in 2017. Currently all 70 districts are under

post MDA surveillance and the programme is planning to submit

its elimination dossier to WHO in 2026. All 70 endemic districts

have or are within the catchment of designated facilities for

hydrocele surgeries and 33 of these districts have hydrocele

burden estimates. A hydrocele surgery indicator (“Patient with LF

(hydrocele)”) was included in the national health management

information system (HMIS) in 2020 and hydrocele surgeries were

first reported to WHO in 2021. Prior to the implementation of the

surgeries reported in this paper, a total of 1,448 hydrocele surgeries

had been reported by the national programme.

The Lango sub-region LF MMDP project (reported upon in this

paper), was informed by a knowledge, attitude, and practice (KAP)

study conducted on the chronic manifestations of LF, undertaken in

the Northern region of Uganda in 2017 in the districts of Lira,

Kitgum and Yumbe (13). The challenges of hydrocele surgery in the

Lango sub-region were recognised as early as 1924 (14).

Outside the targeted support of the LF programme, hydrocele

surgery in Uganda is dependent upon referrals (in both the state

and private sector), and surgical camps (15, 16). Notably,

hydrocelectomy was the commonest operation performed in the

pilot surgical camp undertaken in Apac and Lira districts (Lango

sub-region) in 1998 (16).

Nigeria
The National LF Elimination Programme (NLFEP) started in

1997 (17). Across the country, 583 (or 75% of total) Local

Government Areas (LGAs) are endemic for LF. Within the five

States (Benue, Kaduna, Kebbi, Kogi and Sokoto) reported in this

paper, LF endemicity ranges from 52% of LGAs (in the case of Kogi)

to 95% (in the case of Kebbi). Across Kaduna, Kebbi, Kogi and

Sokoto 25 of 69 endemic LGAs have stopped MDA. All five states

are targeting 2030 for elimination of LF as a public health problem.

Hydrocele surgeries have been reported from the states to the

FMOH since 2017 (Kebbi), 2018 (Kogi and Sokoto) and 2019

(Benue and Kaduna). Designated secondary hospitals for

hydrocele surgeries ensure coverage of all health facility

catchment areas in these states. In the national HMIS there is an

LF morbidity indicator for cases of elephantiasis though no specific

indicator for hydrocele surgeries. Hydrocele surgeries are captured
1 Ministry of Health, Uganda, Vector Control Division. https://

vectorcontroldivisionuganda.wordpress.com/programme-to-eliminate-

lymphatic-filariasis-pelf/https://vectorcontroldivisionuganda.wordpress.com/

programme-to-eliminate-lymphatic-filariasis-pelf/ [Accessed January 19, 2024]

Frontiers in Tropical Diseases 03
under a general HMIS indicator for surgeries (which is

not disaggregated).

Outside the targeted support of the LF programme, hydrocele

surgery in Nigeria is usually provided by general practitioners on a

patient-by-patient basis (in both state and private sector).
Methods

Study area

The hydrocele surgery patient information presented in this

paper was collected between October 2021 and July 2023 in the

Lango sub-region of Uganda and March 2021 - September 2022 in

Benue, Kaduna, Kebbi, Kogi and Sokoto States, Nigeria.
Designated facilities

In the case of Uganda, the hydrocele surgeries reported in this

paper were undertaken in all nine government HC IV hospitals, one

government district/general hospitals and one Private and Not for

Profit district/general hospital, in Lango sub region in Northern

Uganda (Figure 1). These hospitals are categorised as DCP 3/WHO

(2019) first level hospitals and the doctors present are general

practitioners. In the case of Nigeria, the hydrocele surgeries

reported in this paper were undertaken in 21 secondary health

facilities (level 2 hospitals), in Benue, Kaduna, Kebbi, Kogi and

Sokoto (Figure 1).

In all facilities, ‘readiness’ to support hydrocele surgeries

was assessed prior to the start of activities. In Uganda the

WHO Situational Analysis to Assess Emergency and Essential

Surgical Care (EESC) tool was used (18). In Nigeria the

Hydrocele Surgery Facility Assessment tool of Martindale et al.

(2022) was used (19). The facility assessments confirmed readiness

for implementation of hydrocele surgeries/identified quality

improvement recommendations which needed to be addressed

prior to the start of implementation.
Training for hydrocele surgery

In Uganda, most health facilities lacked qualified surgeons,

therefore general medical officers were selected for training on

hydrocele surgery. Training/re-training sessions led by a consultant

urologist from Lira University, with support from both the regional

and district level NTD teams, took place in the Lango sub-region,

December 2020, February and April 2021, and January and July,

2022. In the case of Nigeria, government employed consultant

surgeons and surgeons from the designated facilities were trained

or retrained through central level trainings (for all states) in Kwara

(2021) and Benue (2022). The training was led by a consultant

urologist from University of Jos Teaching Hospital. Both consultant

urologists were WHO certified trainers for hydrocele surgeries.

In Uganda 12 surgeons and six anaesthetists were trained, in

Nigeria 24 surgeons were trained. In both countries the content of
frontiersin.org
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the training was guided by the WHO (2019) report, ‘Surgical

approaches to the urogenital manifestations of lymphatic

filariasis’, and current practices (1). In Uganda training was five

days; with two days of theory and three days of practical training. In

Nigeria training was conducted for three days; with one day of

theory and two days of practical training. The above-mentioned

consultant urologists supervised trainees during the practical

sessions to ensure quality of surgeries. In Uganda, the same

consultant urologist provided subsequent support supervision to

the teams in the field. In Nigeria, senior surgeons identified by the

Ministry of Health at state level conducted supervisory visits.
Frontiers in Tropical Diseases 04
Patient mobilisation and screening

Patient mobilisation was conducted using a mixture of

approaches aimed at uptake of hydrocele surgeries. In the case of

Uganda, the first approach was to train Community Health

Workers (CHWs) in case identification (both hydrocele and

lymphoedema). Two CHWs were trained in each parish as

representatives of the village health teams (VHTs). The CHWs

worked in their respective communities to linelist suspected

hydrocele (and lymphoedema) cases and refer them for

confirmation at the nearest health centre. Confirmed cases were
FIGURE 1

Maps showing sum of operated patients residing in named districts and sum of patients operated by health facility.
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then informed of the hospital at which free hydrocele surgery would

be available at a later date. During the period 2020- 2023, 1027 (810

male, 217 female) CHWs registered 2036 suspected hydrocele cases

across the nine districts in the Lango sub-region. The ongoing

activities of the CHWs, who continued to refer patients throughout

the programme, were complemented by social behaviour change

communication (SBCC) materials such as radio spots, community

events and health talks in the outpatient departments of the health

facilities providing the surgeries.

In the case of Nigeria, volunteer Community Drug Distributors

and paid health workers were trained to identify suspected cases of

hydrocele when they moved house to house for MDA. Identification

and reporting of patients was based on genital swelling along with the

diameter of hydroceles to determine an index of suspicion.

Mobilisation was also supported through announcements

encouraging community members with scrotal swellings to visit

designated facilities for screening and confirmation. Announcements

were made by religious leaders, town announcers and facility

mobilisation officers at places of worship, market squares and

hospitals/health facilities respectively. In addition, the Chief Medical

Officers (CMOs) cascaded memos and galvanised the support of

facility staff. Community members were notified of planned dates

and locations for both screening and surgery. Surgeons supported the

screening of suspected cases.
Surgery costs and financial support

Costs were primarily shared between the Ministry of Health and

Sightsavers (the main partner). In both countries the surgery was

free to the patient. In the case of Uganda, patients covered costs

related to transport to the health facilities and basic provisions (e.g.

food, soap, water). In Nigeria, Sightsavers paid for patient

transportation to the facility. In both countries the Ministry of

Health provided (existing) human resources at all levels, together

with office and facility space. Sightsavers supported key consumable

costs associated with the surgeries, the delivery of training,

expenditure associated with advocacy and sensitisation, and

mobile phones for data collection purposes.
Examination by physician and
preoperative procedures

Although ultrasound is a preferred diagnostic modality (1), the

availability of ultrasonography was an issue in both countries (e.g.

ultrasound machines unavailable or broken). Surgical training

therefore emphasised physical examination and the use of

transillumination tests, even though transillumination may not be

sufficient to rule in or out other scrotal pathology. When the test

was determined to be non-translucent, a flowchart provided

guidance as to what to do to rule out other groin pathologies.

Cases of hydrocele were characterised by duration (years), type

(unilateral, bilateral) and side (left, right). Additionally, in the case
Frontiers in Tropical Diseases 05
of Nigeria, some surgeons measured the diameter of the swelling

(though most diameter measurements in the patient case file are

those from the CHWs). In this paper we do not report on stage and

grade (as per the standardised international clinical classification of

Capuano and Capuano, 2012, referenced in WHO (2019) (1, 20)) as

the Hydrocele Tracker did not record these variables at the time.

In Nigeria, patients presenting with severe comorbidities (as

indicated by physical examination, patient history or laboratory test

results) and with large size hydrocele (>1,000ml), were referred to

level three hospital for surgery. Patients with comorbidities that had

been controlled were given surgery at level 2 hospitals. Additionally,

as of July 2021, guidance was given for any paediatric cases <15

years of age to be referred to a specialist in a level 3 facility. Cases

referred to level 3 facilities were not captured in the Hydrocele

Tracker (and are therefore out of scope of this paper). In the case of

Uganda, while the referral system was set up to refer complicated

cases to level 3 facilities, no patients were referred during the period

this paper covers. Patients <12 years of age presenting with

congenital rather than filarial hydrocele were operated in the level

HCIVs facilities. However, guidance during the training was given

for patients <12 years not to be included in the Hydrocele Tracker.

Preoperative blood tests were undertaken to check PCV/

HCT >30% (Nigeria) or haemoglobin > 10 g/dL (Uganda) to check

for anaemia. Urine analyses were undertaken to check for abnormally

high levels of glucose (to check for diabetes). In both countries the

programme supported herniorrhaphy if there was comorbidity with

hydrocele and hernia. Additionally, patients presenting with hernia

only were operated on by the programme’s trained surgeons, with the

MoH covering the costs andmaterials for the surgery.Written patient

informed consent was prerequisite for surgery to proceed.

In both countries instruction was given to avoid use of pre-

operative non-steroidal anti-inflammatory drugs (NSAID) e.g.,

diclofenac due to the risk of internal bleeding (WHO 2019).

Patients in both countries received intravenous cephalosporin, or

in some cases in Nigeria quinolone, as antibiotic prophylaxis one

hour before surgery.
Intraoperative procedures

Anaesthesia
In the case of Nigeria local anaesthesia (typically with lignocaine

or lignocaine + adrenaline) was the preferred choice for simple

uncomplicated hydrocele surgeries in level 2 facilities. Spinal and

general anaesthesia was only recommended for complicated cases

referred to level 3 facilities. In the case of Uganda, the training

emphasised use of local anaesthesia though acknowledged possible

need for spinal or general anaesthesia for hydroceles of large volume

(e.g. > 500mls) or complicated cases.

Surgical technique
The programmes used well established surgical techniques,

including subtotal excision of the tunica vaginalis (“excision”/

”resection”) and eversion of the tunica vaginalis without excision
frontiersin.org
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(Jaboulay or “eversion”) (1). Training recognised that excision is the

preferred technique in filarial areas (1) though in practice eversion

was often used. In the case of Uganda, the majority of surgery before

WHO guidance was eversion or plication (i.e. plication of the tunica

vaginalis with over-sewing (Lord’s procedure)) and “excision” was

for the very big hydroceles/specific cases.

Volumes of hydrocele fluids (ml) were estimated using

calibrated bottles and in some cases in Nigeria, the volume of a

kidney dish. Volumes were categorised as <250, between 250 and

500 or >500ml. Additionally the nature of the filarial fluid was

described as either chylous, citrine, haematic or purulent. Chylous

fluid refers to a milky appearance composed of lymph and fat

globules, which is highly indicative of a filarial hydrocele requiring

complete excision of the tunica vaginalis. Citrine fluid refers to the

brownish-yellow appearance due to a type of yellow fluorescent

protein; it is seen in both filarial and non-filarial hydroceles and can

be managed with excision of the tunica vaginalis. Haematic fluid

refers to a reddish coloration or containing blood. This can be

indicative of repeated trauma to the scrotum by repeated needle

tapping/scarification to let out fluid or chronic infections. It can be

managed with total excision and sometimes an orchidectomy.

Purulent fluid refers to that which contains pus or produces pus

and is indicative of infectious micro-organisms. It can also be

managed with total excision of the tunica vaginalis and cover

with broad-spectrum antibiotics.

Haemostasis was achieved using suture ligation and/or

electrocautery. Compressive dressings were applied on the

scrotum, with scrotal elevation for five days (whether in hospital

or at home after discharge). All patients continued with antibiotics

for three to five days from the day of surgery.
Hospitalisation
In both counties programme guidance on duration of

hospitalisation is for the patient to stay on the ward for 48 hours

post-operatively. Patients are seen on day-1 to ensure their wound is

clean and intact, with no immediate post-operative complication

(haemorrhage, haematoma). If complications are present, they are

promptly managed with antibiotic therapy and effective pain

management. On day-2 post-operatively, in the absence of any

complication, especially if they live close to the facility, they are

discharged with instructions for wound care and when to come

back to the facility. In Uganda, patients undergoing surgery for

small hydrocele under local anaesthetics are discharged on the same

day with antibiotic.
Reporting on complications and patient
follow-up

The Hydrocele Tracker used in both countries was built to

capture both immediate and late complications. In both countries
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late complications were reported during the planned follow-up

dates at week 1, week 2 and month 1 post-surgery. In the case of

Uganda there was an additional follow up point at month 6

post-surgery.
Patient feedback

A set of patient feedback tools and resources were developed to

elicit patient experiences and satisfaction with the hydrocele

surgery. An initial version of the beneficiary feedback tool

(Supplementary Information Table 1) was first piloted in Uganda,

and it included closed-ended questions centred on five broad

themes: 1) the patients’ overall satisfaction with the surgery, 2)

the change in ability to work, 3) the change in economic situation,

4) the change in family life, and 5) the change in community

perception. The first four themes correspond to those used in Mante

and Seim (2017) (21). During the pilot in Uganda, the assessment

was performed six months after hydrocele surgery on all

eligible patients.

The feedback tool was refined, updated (version 2), and tested in

the five Nigerian states following the Uganda trial. In the new version

of the tool, the initial set of questions was expanded to a mixture of

eight open and closed ended (Likert scale) questions, which were then

included in the Hydrocele Tracker. Following that, the revised tool

was used to collect data during the 10-to-14-day post-operative

follow-up phase (see Supplementary Information Table 2).

The feedback instrument was administered independently by

supervisors from the Ministry of Health and Sightsavers who were

not directly involved with hydrocele treatment delivery to reduce

bias and subjectivity. Data was entered into the Hydrocele Tracker.

The findings were used to develop a feedback response action plan

to address negative feedback and adapt the programme to meet

acceptable patient expectations. The responses to open-ended

questions were coded into different themes for thematic analysis

and reporting.
Development and rollout of the
Hydrocele Tracker

The Hydrocele Tracker is a tool made up of a smartphone

application and set of online dashboards. It was developed to

improve patient follow-up and supervision, understand surgical

outcomes and reasons for complications, and improve reporting

and data quality for Ministries of Health with active LF programs.

While clinical records are still kept, this tool reduces the need to

collect and file paper and excel-based reports. It can make data

monitoring, reporting and use more efficient. In each country,

indicators on the electric forms were decided through a

consultative process with the national programme.
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Technical specifications
The Hydrocele Tracker uses CommCare2 as a data-collection

tool and Metabase3 as a data-visualisation tool. Surgeons are

granted access to patient information within their ministry-

designated working area and only chosen system administrators

for the country can access patient information. Data visualisation

dashboards on Metabase do not include patient information. All

data are owned by the Ministries of Health.

Data entry forms on the mobile phone app capture surgical

registration/preoperative information, intraoperative information

and follow-up evaluations. The information then feeds into online

dashboards, which users can filter by location and time, including a

surgery activity dashboard, an outcome assessment and follow-up

completion dashboard, and a data quality assessment dashboard.

(Figures 2, 3).

The tool also promises to help countries with active LF

programmes accurately report the requested annual MMDP

(hydrocele) data to the World Health Organization through the

Epidemiological Data Reporting Form (22).

Hydrocele Tracker data entry and transcription
from paper records

Only patients who received surgery were entered in the Hydrocele

Tracker. All pre- and intra- operative patient information was entered

into the Hydrocele Tracker retrospectively (from hard copies), ideally

immediately after surgery, though in practice (due to work backlog)

often after seven days post-surgery. Post-operative data was also

entered into the Hydrocele Tracker retrospectively, ideally within 24

hours of manual entry into hospital forms. Beneficiary feedback and

socio-economic data were also entered retrospectively.

Data collection and use: roles and responsibilities
In Uganda data entry was managed by surgical team members,

nurses, medical officers, theatre assistants, health information
2 CommCare. Cambridge, Massachusetts, USA: Dimagi. Available at:

https://dimagi.com

3 Metabase. San Francisco, CA, USA: Metabase. Avai lable at:

https://www.metabase.com/
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assistants or the NTD focal person - depending on the facility -

though entries were mainly done by someone in the surgical team.

In Nigeria, MoH staff who capture data on other surgeries

performed in the facilities entered the data into the Hydrocele

Tracker, with support from State-level Sightsavers M&E staff. In

Uganda, the Director of LF the Programme at the Ministry of

Health, District Health Officers, the head of surgical teams, and

certain Sightsavers programme staff had access to the dashboards;

in Nigeria State M&E officers, certain State team members and

certain Sightsavers programme staff had access. In both countries,

the system administrators were the Hydrocele Tracker Support

team from Sightsavers.
Hydrocele Tracker training
In Uganda the first training in the use of the Hydrocele

Tracker was conducted in November 2021 in Lira for Otuke, Lira

and Alebtong districts. Subsequently, in August 2022 training

was conducted in Kole, Oyam, Apac, Amolatar, Dokolo and

Kwania districts. In the case of Nigeria, the training for the five

piloted states was conducted in 2021 via a hybrid training (i.e. in

person and webinar) from Sightsavers’ Abuja office. The

trainings were supported by the Sightsavers Hydrocele Tracker

support team.

Data analysis
An anonymised download of the CommCare dataset was

analysed (with simple descriptive statistics) in Excel. Duration

surgery was described using median, 25th and 75th quartiles

(interquartile range, IQR) after removing values which based on

expert opinion and statistical inspection of the raw data were

considered reporting errors; conservatively, values < 20 mins or >

180 mins were excluded from the analysis. Maps were generated in

ArcGIS pro.

Results

Across the programme period a total of 1,253 and 1,658 patients

were registered in the Nigeria and Uganda Hydrocele Trackers,

respectively. Among these, intraoperative data (taken as affirmation

of surgery) was entered for 1,239 patients in Nigeria and 1,609

patients in Uganda.
Spatial distribution of patients
receiving surgery

Maps showing sum of operated patients residing in named

districts and sum of patients operated by health facility are shown

in Figure 1.

In the case of Uganda, 98.2% of patients operated (n=1609)

were from the Lango sub-region, with the greatest number of

patients reporting from Kwania district (n=239) and the least

from Amolatar district (n=122). Outside the Lango sub region, 14

patients (0.9%) were from other districts within the Northern/

Eastern region, two patients (0.1%) reported their district of
FIGURE 2

Data flow in the Hydrocele Tracker.
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origin as Kampala and 13 (0.8%) patients reported their district of

origin as ‘other’. A comparison of surgeries supported by health

facility shows the highest numbers being supported in Amach

Health Center IV, Lira district (n=284) and the fewest in

Amolatar Health Center IV, Amolatar district (n=12).

Patients in Uganda did not necessarily receive surgery in the

designated health facility within their district of residence. For

example, of the 207 patients reporting to be from Otuke, 88.4%

had surgery in Orum health center (Otuke district) while 9.7% had

surgery in Amach health center, (Lira district). Amach district does

not border Otuke and the distance from the border of Otuke district

to Amach health center is > 35km.

In Nigeria, the number of people operated varied by state. In

Benue - 420 (from 8 health facilities), Kebbi - 401 (from 4 health

facilities), Kaduna -220 (from 3 health facilities), Sokoto -178 (from

3 health facilities) and Kogi - 20 (from 1 health facility). Although

all the facilities across the states were quality assessed, not all

reported surgical data. Four health facilities in Kaduna did not

report surgeries due to insecurity in the two areas where facilities

are located. An additional facility conducted surgeries before the

deployment of the Hydrocele Tracker and no data was reported. In

Kogi, five facilities did not report surgeries due to patient

unavailability while two did not report in Sokoto because of

insecurity in those areas which affected staff monitoring and the

upload of data to the Hydrocele Tracker. Of all the states, Kogi

reported the least number of surgeries (less than 50). This might be

due to the reduced number of hydrocele caseload in the state

resulting from previous interventions.
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Patient age distribution

The reported mean age and range of patients registered in the

Hydrocele Tracker (including those without intraoperative data) was

50 years (range 1-99) and 44 years (range 3 – 96 years), in Uganda and

Nigeria, respectively (Figure 4). In the case of Nigeria four patients had

reported age ≥ 90 years and 32 patients < 15years. The evaluation year

for 29 of the 32 patients with age < 15 year was 2021 – the year that

guidance on paediatric cases was developed. In the case of Uganda 46

patients had reported age < 15 years and nine > 90 years.
Occupation of patients

In both countries the most common occupation was farming

(Uganda 86.6%, Nigeria 65.3%) followed by student (Uganda 6.7%,

Nigeria 16.6%).
Duration of scrotal swelling

The mean duration of scrotal swelling among patients

registered in the Hydrocele Tracker (including those without

intraoperative data) was 8.6 years in Uganda (range 1-60 years)

and 7.7 years in Nigeria (range 1-55 years) (Figure 5). The duration

of swelling was ≤ 4yrs for 42.5% and 38.1% of patients in Nigeria

and Uganda respectively. By contrast, duration swelling was > 10

years for 24% patients in Uganda and 20.7% patients in Nigeria.
FIGURE 3

Hydrocele Tracker data collector’s view (note that the figure uses dummy data).
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Hydrocele diameter (field for Nigeria only)

Hydrocele diameter measurements (requested by community

health workers in Nigeria to support index of suspicion) were

reported for 1,253 patients. Measurements ranged from 1-70 cm,

with median 5cm and IQR 4-7cm. The measurement was >10cm for

166 cases (13.2%).
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Diagnostic technique (transillumination
versus ultrasound)

Ultrasound was reported to be the diagnostic technique for

31.8% (n=398) and 1.7% (n=29) of patients in Nigeria (n=1,253)

and Uganda (n=1,658), respectively. However, the reported use of

ultrasound by facility is not consistent with the known availability
FIGURE 5

Frequency distributions of duration patient swelling and scatterplots of duration swelling against patient age. In the case of Nigeria note one
anomalous data point where age reported as 5 years and duration swelling as 23 years.
FIGURE 4

Patient age distributions.
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of ultrasound. In the case of Uganda, of the eight facilities with

reported use of ultrasound, only one (Dokolo HC) had ultrasound

available (though it broke during the course of the project). In the

case of Nigeria, five of the eleven facilities with reported use of

ultrasound were known to have ultrasound.
Characteristics of hydrocele and other
pathological conditions (pre-
operative assessment)

A (pre-operative) diagnosis of bilateral hydrocele was given for

14.3% and 17.8% of the hydrocele patients registered in Uganda

(n=1658) and Nigeria (n=1253), respectively. Among the registered

hydrocele cases, hernia co-morbidity was reported among 15.3%

and 19.9% of cases, lymphoedema of limbs among 0.1% and 0.3% of

cases and associated scrotal conditions among 8.3% and 10.3% of
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cases, in Uganda and Nigeria respectively. Most (89.5%) of the

patients categorised under the Hydrocele Tracker field for ‘other

pathological conditions’ could have been categorised under the

aforementioned categories for ‘hydrocele’, ‘hernia’ and ‘Associated

scrotal conditions’.
Intraoperative characteristics of hydrocele:
volume and nature of filarial fluid

The volume of filarial fluid was categorised as <250ml for 32.9%

and 58.5% of operated patients in Uganda and Nigeria respectively

(Table 1). By contrast 21.6% of patients in Uganda and 8.1% of

patients in Nigeria had filarial volume >500ml.

The nature of the filarial fluid was categorised (in descending

order) as citrine (41.5% Uganda, 63.6% Nigeria), chylous (36.8%

Uganda, 34.6% Nigeria), purulent (11.9% Uganda, 0.5% Nigeria)
TABLE 1 Characteristics of hydrocele and other pathological conditions among: a) all patients registered; b) those patients with intraoperative data.

Uganda Nigeria

n=1658 (a) n=1609 (b) n=1253 (a) n=1239 (b)

Characteristics of hydrocele

Bilateral 237 (14.3%) 230 (14.3%) 223 (17.8%) 120 (9.7%)

Single_right 755 (45.5%) 733 (45.5%) 605 (48.3%) 599 (48.3%)

Single_left 666 (40.2%) 646 (40.1%) 425 (25.6%) 419 (33.8%)

Volume of filarial fluid (ml)

<250 529 (32.9%) 728 (58.5%)

250-500 733 (45.6%) 411 (33.2%)

>500 347 (21.6%) 100 (8.1%)

Nature of filarial fluid

Chylous 592 (36.8%) 429 (34.6%)

Citrine 668 (41.5%) 784 (63.3%)

Haematic 157 (9.8%) 20 (1.6%)

Purulent 192 (11.9%) 6 (0.5%)

Other pathological conditions (among patients registered with hydrocele)

With hernia 254 (15.3%) 250 (15.5%) 249 (19.9%) 248 (20.0%)

Hernia bilateral 5 5 41 41

Hernia single_right 119 116 112 111

Hernia single_left 109 108 91 91

Hernia Inguino-scrotal 21 21 5 5

Lymphoedema of limbs 2 (0.1%) a 2 (0.1%) 4 (0.3%) b 4 (0.3%)

Associated scrotal conditions 137 (8.3%) 134 (8.3%) 129 (10.3%) 128 (10.3%)

Other 18 (1.1%) c 18 (1.1%) 1 (0.1%) d 1 (0.1%)
aLocalisation (Uganda): lower limb bilateral x1, lower limb left x1.
bLocalisation (Nigeria): Upper limb x2, Lower limb x2.
cOther pathological conditions (Uganda): Infected hydrocele (x4), Infected/non-viable testis, epididymo-orchitis, Right Orchitis (x7), Ligation of Patent Processus Vaginalis (operation used to
treat a hydrocele in a young child (x1), Right tortion of testis/tortion (x2), Right Inguinal Hernia (x1), Umbilical hernia (x1), Uncomplicated malaria (x1), scabies (x1)
dOther pathological conditions (Nigeria): Chronic orchitis.
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and haematic (9.8% Uganda, 1.6% Nigeria) (Table 1). The high

percentage of citrine/chylous (Uganda - 78.3%, Nigeria - 98.0%)

fluid appearances is consistent with hydrocele of filarial origin.

Chylous is the classic presentation of hydrocele of filarial origin.

Citrine can present with filarial and non-filarial hydroceles.
Surgical procedure

A total of 1,609 and 1,239 patients were operated in Uganda and

Nigeria respectively. The most reported surgical procedure was

‘eversion’ in Nigeria (57.0%) and ‘hydrocelectomy’ in Uganda

(58.2%) (Table 2). An accurate comparison of the extent of

eversion versus excision/resection is not possible as, a) in the case

of Nigeria, the field ‘other’ was used to register 160 occurrences of

‘hydrocelectomy’, b) in the case of Uganda, 936 patients were

categorised against ‘hydrocelectomy’. Hernia repair was reported

for 462 (28.7%) and 230 (18.6%) patients in Uganda and Nigeria

respectively – contrasting with preoperative diagnosis of 254 and

249 patients with hernia in Uganda and Nigeria respectively.

Surgical procedure was reported as orchidectomy for <1%

persons operated in both countries.
Pre-operative lab data

In the case of Nigeria, the completeness of tracker fields for pre-

operative laboratory data was 100% (n=1,253) for Haematocrit

(HCT), urine sugar and HIV (reflecting the fact that these fields

were mandatory) and 26.1% for blood group. For HCT, biological

implausibility was flagged for 2.6% data entries (i.e. value <10%

threshold used by Hinzmann et al. (23)); beyond these entries, 22

(operated) patients had HCT values in the range 17-29% (i.e.

outside >30% threshold for surgery) – this is indicative of

laboratory/transcribing errors or physical examination by the

surgeon which deemed the patient otherwise fit for surgery. Urine
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sugar was positive for 16 (operated) patients – indicative that

further investigations would have been required to rule out

Diabetes mellitus. Eight operated patients were positive for HIV.

In the case of Uganda (n=1658), the completeness of

Hydrocele Tracker fields for pre-operative laboratory data was

55.2% for Hb, 25.9% for urine sugar, 39.3% for urine pus cells and

81.0% for blood group. The lower level of completeness

corresponds to the fact that the fields were only mandatory

during the initial phase of the Hydrocele Tracker rollout.

Among Hb records, two very low records were considered

biologically implausible [i.e. outside range of 4 g/dL to 20 g/dL

referenced in Pullman et al. (24)]; beyond these, 13 entries fell

below the recommended threshold of 10g/dL. All urine sugar

results were recorded as normal. 14.7% of urine pus cells results

(n=652) were positive. An oversight in the Hydrocele Tracker

form there meant that either a urine sugar result or a urine pus

cells result was recorded for a single patient (i.e. never both

results). Blood group was recorded for 80.1% of patients.
Anaesthesia

In both countries the majority of operations were conducted

under local anaesthesia (Uganda – 64.9%, Nigeria – 85.0%)

(Table 3). Spinal anaesthesia was reported from 0.1% and 32.3%

of operations in Nigeria and Uganda, respectively. General

anaesthesia was reported from 11.7% and 2.6% of operations in

Nigeria and Uganda, respectively.

In the case of Uganda, the type of local/spinal anaesthesia was

mainly recorded as lignocaine (63.3%) or lignocaine + bupivacaine

(25.8%) and the type of general anaesthesia mainly reported as

ketamine (97.6%) (Table 3). In the case of Nigeria, the type of local

anaesthesia was mainly lignocaine (72.4%) or lignocaine +

adrenaline (13.8%), the type of spinal anaesthesia was ketamine

(but just one patient) and the type of general anaesthesia, mainly

ketamine (96.6%). The reports of ketamine use for spinal

anaesthesia (in both countries) is considered a reporting error as

ketamine is not used for spinal anaesthesia.
Complications

Immediate complications (haemorrhage/haematoma/infection)

were reported for 20 (1.2%) patients in Uganda and eight (0.6%)

patients in Nigeria (Table 4). For two patients the date of the

immediate complication (six and eight days post surgery) was

recorded to be outside the ‘standard’ 0-5 day post surgery

window for immediate complications.
TABLE 2 Type of surgical procedure by country.

Surgical Procedure
Uganda
(n=1,609)

Nigeria
(n=1,239)

Excision/Resection 135 (8.4%) 138 (11.1%)

Eversion 66 (4.1%) 706 (57.0%)

Hydrocelectomy 936 (58.2%) 160 (12.9%)a

Hydrocelectomy + hernia 460 (28.6%) 229 (18.5%)

Hernia repair/
Herniorrhaphy/herniotomyb

2 (0.1%) 1 (0.1%)

Orchidectomy 10 (0.6%) 2 (0.2%)

Other 0 (0%)c 3 (0.2%)
aIn the case of Nigeria, the tracker did not have a separate field for hydrocelectomy. 160 entries
of ‘hydrocelectomy’ included in the field ‘other’ have been added here.
bIntraoperative data on hydrocele volume and nature of filarial fluid indicates that these
should have been categorised as ‘hydrocelectomy + hernia’.
cHydrocelectomy (x5) and herniotomy (x2) procedures listed as ‘other’ have been moved into
the correct category.
TABLE 3 Use of local, spinal and general anaesthesia in Nigeria
and Uganda.

Country Local Spinal General

Nigeria (1,239) 1053 (85.0%) 1 (0.1%) 145 (11.7%)

Uganda (1,609) 1045 (64.9%) 519 (32.3%) 42 (2.6%)
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In Uganda late complications were reported among 16 (2.2%),

five (1.0%) and three (0.7%) patients at week 1, week 2 and month 1

follow ups respectively (Table 5). In Nigeria late complications were

reported among three patients (0.3%) at the ‘week 1’ follow up, six

patients (0.6%) at the ‘week 2’ follow up and 0 patients at the month

1 follow up. Reported complications concerned haematoma,

infection and wound breakdown (both countries), haemorrhage

(Nigeria), necrotic tissue, lymphoedema of scrotum and

epididiymo-orchitis (Uganda). The reports of recurrence in both

Uganda (3 patients) and Nigeria (2 patients) are considered

inaccurate as they occurred at or before the month 1 follow up

(see discussion). A patient in Uganda marked for reoperation due to

recurrence (at month 1) was retrospectively linked to haematoma

formation (rather than recurrence). Late complications were

reported for none of the 58 Ugandan patients with month 6

follow up. There was no month 6 follow up in Nigeria.
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As examples of individual patient follow-up histories, in the case

of Uganda all patients with haemorrhage reported as an immediate

complication had a week 1 follow up; one of these patients continued

to have complications at week 2 follow up (infection – ‘severe wound

dehiscence with pus and necrosis’, necrotic tissue and wound

breakdown – ‘dead tissue’) and was hospitalised for a total of 22

days. In the case of Nigeria, one 80-year-old patient with immediate

complication reported as haemorrhage and haematoma continued to

have late complications; these complications were linked to a fall

within 24 hours of surgery.

The Hydrocele Tracker has no systematic capture of steps taken

to manage complications though some information was recorded in

the fields for ‘surgery notes’ and ‘notes associated with each follow

up’. For example in Uganda two patients with necrotic tissue at

week 2 had orchidectomy; notably the surgical procedure for these

two patients was recorded as hydrocelectomy only.

Among the patients for which intraoperative data was recorded,

complications (at any time point) were reported from 40 (2.5%) and 15

(1.2%) patients in Uganda (n=1609) and Nigeria (n=1239) respectively.
Patient follow up

In the case of Nigeria (among the patients with intraoperative

data, n=1,239) follow up rates were 1084 (87.5%), 1036 (83.6%) and

180 (14.5%) at week 1, week 2 and month 1, respectively. All month

1 follow ups were from Kaduna and Kebbi states only. In the case of

Uganda (among the patients with intraoperative data, n=1,609),

follow up rates were 711 (44.2%), 515 (32.0%), 422 (26.2%) and 58

(3.6%) at week 1, week 2, month 1 and month 6 respectively.
TABLE 4 Occurrence of immediate complication.

Immediate
complications

Uganda
(n=1609)

Nigeria
(n=1239)

# patients with
immediate complications

20 (1.2%) 8 (0.6%)

# immediate complications 20 (1.2%) 8 (0.6%)

# haemorrhage 4 (0.2%) 3 (0.2%)

# haematoma 11 (0.7%) 3 (0.2%)

# infection 2 (0.1%) 2 (0.2%)

# other 3 (0.2%) 0.0%
TABLE 5 Occurrence of late complications.

Complication

Uganda Nigeria

Week1
n=726

Week2
n=526

Month 1
n=431

Month6
n=58

Week1
n=1084

Week2
n=1036

Month 1
n=180

# patients with late complications
16
(2.2%)

5
(1.0%)

3 (0.7%) 0 3
(0.3%)

6
(0.6%)

0

# haemorrhage 0 0 0 1

# haematoma 9 2 0 2

# infection 6 3 1 1

# wound breakdown 2 2 1

# necrotic tissue 2 2

# fourieres gangrene 0 0 0

# lymphoedema_ scrotum 0 1

# recurrence a 2 1 1 1

# other 1 b 1 c

Urinary infection m1 0
fr
aThe reports of recurrence are considered inaccurate as recurrence is not biologically plausible at these time points.
bEpididymo-orchitis.
cLinked to slight bleeding within the first 3 days post surgery. Hospitalised for 2 days. No further complications at week 2.
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Duration hospitalisation

In the case of Nigeria, among 1,182 patients with hospitalisation

start and end dates or hospitalisation status recorded as ‘no’, (indicating

that the patient was omitted only for day surgery, not that the patient

wasn’t hospitalised) duration hospitalised was calculated as follows: 0

days (571 patients, 48.3%), 1-2 days (300 patients, 25.4%), 2-3 days

(262 patients, 22.2%), 4-5 days (2 patients, 0.2%), 6-7 days (16 patients,

1.4%) and 8+ days (31 patients, 2.6%). In the case of Uganda, among

628 patients with hospitalisation start and end dates or hospitalisation

status recorded as ‘no’, duration hospitalised was calculated as follows:

0 days (114 patients, 18.2%), 1-2 days (95 patients,15.1%), 2-3 days

(208 patients, 33.3%), 4-5 days (143 patients, 22.8%), 6-7 days (49

patients, 7.8%) and 8+ days (19 patients, 3.0%). In both datasets there

were some traceable data quality issues – notably among patient

records with duration > 8 days.
Duration surgery

Among patients with intraoperative data, duration surgery was 20-

180 mins (inclusive) for 1116 (90%) and 1577 (98%) records in Nigeria

and Uganda, respectively. Median duration surgery (regardless of

surgery type and whether hydrocele bilateral or unilateral) was 30

mins in Nigeria (IQR: 30-45 mins) and 50 mins in Uganda (IQR: 35-

120 mins). In both countries the median, Q1 and Q3 values were

higher for excision than eversion (Uganda excision: median=60, IQR:

50-61 mins (n=134); Uganda eversion: median=45, IQR: 25-60 mins

(n=61); Nigeria excision: median=42, IQR: 32-51 mins (n=129);

Nigeria eversion: median=30, IQR: 26-35 mins (n=610)).
Beneficiary feedback

In Uganda, 58 patients (3.6%) out of 1,609 with intra-operative

data took part in the beneficiary feedback assessment at month six

post surgery. Results showed that the majority of the patients

expressed satisfaction with the service received across all the

domains. For the general satisfaction domain, 57 persons (98.2%)

reported they were happy they had the surgery and had no

problems afterwards, while only one individual (1.8%) reported

experiencing some problems after the operation, although was glad

to have had the surgery. In the change in ability to work domain, 53

people (91.4%) reported significantly improved ability to work

following surgery compared to pre-surgery, and five individuals

(8.6%) reported somewhat improved ability. In the change in

economic situation domain, 52 people (89.6%) reported

significantly better improvement in their economic situation after

surgery, compared to one person (1.7%) who reported little

improvement. When asked how their family life has changed

since the surgery, 57 participants (98.2%) said it had become

much better, while one participant (1.7%) said it had not

improved that much. In response to the question around change

in community perception, 51 patients (87.9%) reported that

members of their community were much more accepting of
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hydrocele and aware that surgery is a treatment option, compared

to only 7 patients (12.0%) who said that members of their

community were somewhat accepting of hydrocele and aware of

surgery as a treatment option.

In Nigeria, 887 patients (71.6%) out of the 1239 patients who

underwent the hydrocele surgery participated in the feedback

assessment during the 10 to 14 day post operative follow up.

According to the Likert scale results, the majority of patients

expressed high levels of satisfaction with the quality of care they

received (99%), the hospital’s atmosphere (96%), and the attitude of

the medical staff performing the hydrocele surgeries (98%). The

emerging themes from the open-ended questions included a general

expression of satisfaction with the quality of service and success of

the surgeries; the duration of surgery (which were perceived as safe,

fast, and simple); the attitude of health workers (noted as being

friendly, nice, and kind to patients); and the provision of additional

support (in the form of feeding, medication and transport money)

to facilitate patients’ participation in the surgical procedure.

Themes around patients’ dissatisfaction with the services included

the hospital environment (particularly the absence of mosquito

bednets), the attitude of the staff and nurses, the experience of pain

following surgery, the lengthy turnaround times for procedures

(particularly for laboratory test results), and the timing of the

surgical procedure (which was performed during the farming

season). Participants offered suggestions to improve the provision

of hydrocele surgery services, such as raising awareness and

mobilising additional affected persons to take part in the surgeries

and expanding the number of surgical centres to increase proximity

for patients. Participants also recommended that the outreach

programme include the provision of hernia surgeries and be

scheduled during the dry season.
Discussion

National LF elimination programs benefit from timely access to

pre, intra and post operative clinical data in order to evaluate factors

that influence surgical outcomes, patient experience and uptake of

services in endemic areas. The ability to provide quality assurance

becomes increasingly important as national countries scale up

support for hydrocele surgeries, monitor the number of reference

hospitals providing hydrocelectomies (including the availability and

quality of an essential package of care) and strengthen the capacity

of referral hospitals to manage incident cases of disease after LF

elimination requirements are validated by the WHO.

Our retrospective analysis of programmatic data collected from

hydrocele patients registered in the Nigeria and Uganda Hydrocele

Tracker respectively demonstrates how national LF elimination

programmes can, 1. use available data to evaluate the current

package of care offered to hydrocele patients and 2. use patient

level data to drive programmatic changes in services. The piloting of

the digital-based Hydrocele Tracker has provided insight to current

patient follow-up rates and the outcomes of those follow-ups in

improving supervision, surgical planning and execution, and overall

improvements to facility-based surgical care needed in LF

endemic countries.
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Patient numbers

The numbers of hydrocele surgeries with intraoperative data

reported in this paper are significant: Nigeria -1239 (March 2021 -

September 2022); Uganda -1609 (October 2021-July 2023). In the

case of Uganda, prior to the implementation of the surgeries

reported in this paper, a total of 1,448 hydrocele surgeries had

been recorded by the national programme. Notably, there is

indication that patients do not necessarily opt to receive surgery

in the health facility in their district of residence; this is important

for future implementation planning.
Characteristics of hydrocele

The Hydrocele Tracker pre-operative classification included

“side” and “unilateral/bilateral” though did not include stage and

grade, the standardised international clinical classification of

Capuano and Capuano, 2012 (1, 20). Standardised disease

severity grading is important as it helps with development of

standard operating procedures/management algorithms and helps

monitoring of post operative outcomes, so this should be reviewed.

In both countries the nature of the filarial fluid was mainly

consistent with hydrocele of filarial origin (i.e. 98% and 78% in

Nigeria and Uganda respectively chylous or citrine). There was a

higher percentage of purulent/haematic in Uganda (9.8% haematic,

11.9% purulent) than Nigeria (1.6% haematic 0.5% purulent).

Possible explanations for the higher levels in Uganda include a

higher endemicity burden, longer duration swelling (the hydrocele

is less likely to become purulent if the patient presents early on),

hydrocele of non-filarial origin, or higher usage of community level

interventions before reaching the facilities e.g. aspiration with

needles. In our experience, the latter explanation is thought

unlikely as aspiration (a practice that can lead to infection/

haematic presentation) is not commonly known in the study area.

Additionally in the case of Nigeria, it is possible that some patients

with purulent/haematic hydroceles diagnosed through ultrasound

might have been referred to a higher level facility, which would have

been outside the scope of the Hydrocele Tracker.

A pre-operative diagnosis of hernia co-morbidity was common

in both countries (Uganda - 250 cases or 15.5%, Nigeria – 248 cases

or 20%), though operative data from Uganda (462 cases or 29%)

was indicative of under-diagnosis or under-reporting. Under-

reporting may have happened where the hernia and hydrocele

presented on the same side and a single operation was planned.

Under-diagnosis and the discovery of hernia cases on the operating

table may be linked to the use of transillumination rather than

ultrasound diagnosis.

Among the registered hydrocele cases, lymphoedema of limbs

was reported among 0.1% and 0.3% of cases, in Uganda and Nigeria

respectively. These figures contrast with those of Kebede et al. (25)

where 34% hydrocele cases also had leg lymphoedema (Ethiopia);

and Mwingira et al. (26) where 10% hydrocele cases also had leg

lymphoedema (Tanzania). The low levels of co-morbidity in

Uganda and Nigeria did not come as a surprise to either
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programme. In the case of Uganda, Lango sub-region, very few

patients have been known to present with both hydrocele and

lymphoedema of the limbs during activity implementation. In the

case of Nigeria, case searches (supported by Sightsavers) in Kebbi,

Kwara, Kogi and Sokoto in 2017 showed that only four persons out

of 707 had co-morbidity (i.e. 0.01% co-morbidity) (unpublished

data). Nevertheless, due to the fact that the focus of the Hydrocele

Tracker is hydrocele it is prudent not to rule out underreporting of

limb lymphedema in the Hydrocele Tracker.

With regard to diagnostic modality the results highlight low usage

and over-reporting of ultrasound (particularly in Uganda). As described

in WHO (2019) ultrasound (as opposed to transillumination which is

non-specific) and a good physical examination is the preferred

diagnostic modality as it may rule in or out other scrotal pathologies,

confirm Stage I-II hydroceles and identify hernias (1). Improved

diagnoses promise patients better peri-operative counselling (e.g. from

the Uganda programme where non-functioning testis was discovered

on operated table) and is important for peri-operative preparations and

management pathways more generally. Both countries plan to improve

the availability and usage of ultrasound in future programming; the

aspect of overreporting needs to be addressed through related training

of data reporters.
Surgical management and
diagnostic algorithms

In both countries the recommendation for surgery followed

similar pre-operative lab and clinical findings though referral

practices/pathways differed e.g. in the case of Uganda formal

referral of more complicated cases or patients < 15 years of age to

WHO level 3 facilities was not done. With regard to pre-operative

laboratory tests, data in the Hydrocele Tracker shows issues of

completeness (particularly in Uganda where unlike Nigeria, entry of

laboratory data was only mandatory for the initial phase of the

programme) and accuracy (in both countries).

In the operating room, anaesthesia type was mainly recorded as

“local” in both countries (85% Nigeria, 65% Uganda), though also

notable differences with Uganda reporting 32% “spinal” and Nigeria

reporting 12% “general”. In the case of Nigeria, the entries for

“general” came as a surprise and there is some suspicion that these

are data entry errors linked to the fact that Hydrocele Tracker

entries were done by non-medical personnel. In the case of Uganda,

the higher use of spinal may be linked to: 1) complicated cases

(which were in the case of Uganda in scope for the Hydrocele

Tracker), 2) surgeon/anaesthetist/patient preference (e.g. in view of

anxiety), 3) data entry issues (considered minimal). While local

anaesthesia was advocated for during training (because of the

advantages it carries), there was no clinical guideline for this. The

data in the Hydrocele Tracker has highlighted the need to

standardise guidance around the use of anaesthesia and address

unforeseen findings e.g. relatively high use of spinal anaesthesia for

hydroceles of small volumes. The Uganda programme will be

consulting with surgeons to better understand choice and

reiterate advantages and disadvantages. e.g. relating to risk, cost,

duration surgery.
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An accurate comparison of the extent of eversion versus excision/

resection (the WHO (2019) preferred technique) was not possible

due to usage of the generic term ‘hydrocelectomy’. Nevertheless, data

in the Hydrocele Tracker was consistent with eversion being the more

commonly practised technique, e.g. in Nigeria 57% patients had

surgical procedure reported as ‘eversion’. This finding highlights the

need for: 1) renewed emphasis on scientific rationale for preference

for resection/excision during training of surgeons, 2) a Hydrocele

Tracker field titled hydrocelectomy procedure (as opposed to surgical

procedure), 3) training of surgeons to specify type of hydrocelectomy

procedure in patient file, 4) training of data entry persons. The

scientific rationale for the preference for excision of the tunica

vaginalis for all stages of hydroceles links to the fact that the

primary cause of hydroceles is damage of the lymphatics of the

tunica vaginalis. “Leaving the tunica in place can invite recurrence, as

has been documented in one observational study” (1, 27).

The time points for follow up reported in this paper are, for the

most part, not sufficient for any assessment of recurrence i.e. no

follow up after month 1 in Nigeria and only 56 patients followed up

after month 1 in Uganda (at month 6). The inadequacy of

recurrence reporting and poor follow up is a widely recognised

challenge (9). While there is no international agreement on the

timeline for recurrence/definition of recurrence onset (27), granted

a minimum of eight weeks for healing post surgery (28) - any

reports of recurrence before this time may be considered erroneous.

In the case of Uganda, a validation exercise supported by

Sightsavers in August 2023 in the Lango sub-region reported

recurrence of 22.5% (n=40), approximately one year since

patients had been operated (unpublished data). The validation

report indicated that almost all patients had surgery by the

eversion technique and even the few who had excision of the

tunica had very minimal excision with eventual eversion.

Additionally, there were a significant number of new hydroceles

in the same patients. These findings, notwithstanding possible

overdiagnosis (linked with absence of ultrasound) and small size,

identified the need to put more emphasis in training on the

resection/excision technique and rationale thereof.

Duration of surgery

Records on duration of surgery (as described by medians, 25th

and 75th percentiles) are illustrative of hydrocelectomy being a

relatively simple procedure and consistent with knowledge that

excision is a lengthier procedure than eversion (7, 8). Granted

expert opinion and published data on average operating time for

excision of unilateral hydrocele of 45 min to 1 hr and for bilateral

hydrocele of 1½ hr to 2hr, the median and IQR range for the

excision durations from Nigeria (median=42, IQR: 32-51 mins

(n=129)) are shorter than expected. This may be linked to

surgeon practice or accuracy in data reporting.
Duration of hospitalisation

In both countries guidance on duration of hospitalisation is for

the patients to stay in the hospital for 48 hours postoperatively;
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however, in the case of Uganda patients undergoing surgery for

small hydrocele under local anaesthetics may be discharged on the

same day with antibiotic. The guidance around staying in the

hospital for 48 hours postoperatively is consistent with WHO

(2019) guidance that “Patients should be observed in hospital for

at least 2 days after surgery and until the first dressing change,

especially if they live at a great distance from the hospital and do not

have running water, soap or toileting facilities or vehicular

transportation” (1).

In the Hydrocele Tracker datasets the percentage of patients

reported as ‘not hospitalised’ (indicating ‘day surgery’ as opposed to

strictly ‘not hospitalised’) was 18.2% in Uganda and 48.3% in

Nigeria. In the case of Uganda, the percentage is as expected

because during support supervision a number of surgeons

reported performing hydrocelectomy as day care surgery,

especially for people who live near the hospital. By contrast in the

case of Nigeria the percentage of ‘day surgery’ was far higher than

suspected, raising concern over the accuracy of the data reported

and leading to suspicion that some enumerators were using the

category ‘hospitalised’ for anything that wasn’t routine. In Uganda,

the relatively high percentage of patients (10.8%) reported as

hospitalised for more than 5 days points to the need for possible

further investigation to understand context/rationale for decisions

taken and verify accuracy of reporting. Possible explanations for a

long duration hospitalised include results from pre-operative

evaluation, complications after surgery, poor personal hygiene,

long distance from home and specific request from patients.

Thomas et al. (8), reporting on a programme of mass surgery in

Nigeria describe how most patients were discharged on post

operative day 1 or 2 though patients with very large hydroceles

and/or living in a remote village with difficult transportation being

hospitalised for 5-7 days. A similar situation may be apparent in the

Lango region.
Post-operative follow-up

The data in the Hydrocele Tracker demonstrates both successes

and known challenges with follow up (9). In the case of Nigeria

follow up was >80% at both week 1 (1- 9 days post-surgery) and

week 2 (10-14 days post-surgery) time points though fell to 15.5% at

month 1. In the case of Uganda follow up was 44.2%, 32.0% and

26.3% at week 1, week 2 and month 1 follow up times, respectively.

At month 6 it fell to 3.6%. In the case of Nigeria, the high week 1

and week 2 follow up rates may be linked to the incentives (e.g.

transportation and feeding) provided by the programme to the

patients. By contrast the low month 1 follow up rates in Nigeria may

be linked to the fact that programmatically scheduled follow ups

end after week 2 unless there is the need or complication. In the case

of Uganda some possible explanations for the low follow up rates

include: 1) distance from which patients were coming from e.g.

30km away, 2) referral of patients to nearby health centres for

removal of stitches, 3) patients not appreciating the rationale for the

follow-up review due for example to no evidence of/concern over

complications and use of absorbable stitches, 4) ‘informal’ follow up

not captured in the Hydrocele Tracker e.g. follow up through phone
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calls and work of VHTs to track down patients who did not come in

for follow-up. Approaches to improve follow up reported elsewhere

include the use of SMS to automate follow up reminders (29) and

linking of financial remuneration to data collection (6). Using SMS

to automate follow-up reminders is possible through the Hydrocele

Tracker software, though was not set up for this pilot as many

patients don’t have cell phones. SMS messages can however be sent

to community health volunteers or family members on behalf of the

patient, and this may be considered in the future in both countries.

Complications

In both countries the rates of complications (at any time point)

were low (Nigeria 1.2%, n=1,239, Uganda 2.5%, n=1,609), and

compare favourably to those previously reported - e.g. Mante and

Gueye (7) reported 5-7% among patients admitted for at least 5 days

post surgery (n=3000), Beyene et al. (6) reported no complications in

the three days following surgery, when patients were still in the

hospital though 12% between day 3 (the day of discharge) and day 14

(n=175), Thomas et al. (8) reported 3-4% complications between day

1 and 7 (n=301). However, caution is erred over possible

underreporting of complications which may (for example) be

linked to low hospitalisation rates and sub-optimum follow-up

rates. Looking forward consideration needs to be given to how

better to standardise the reporting of complications and what

additional data reporting fields would be helpful. Programmes may

for example wish to consider use of the Clavien Dindo grading of

surgical complications – as used by Mäki-Lohiluoma et al. (5) in their

retrospective analysis of complication risk after non-filarial hydrocele

surgery. In addition to post operative care, improving the evidence

base around complications is important for both patient management

(in theatre) and patient counselling (pre-surgery). In the Uganda

Hydrocele Tracker, it is notable that two patients with necrotic tissue

at week two went on to have orchidectomy.

WHO guidance on the reporting and management of

complications associated with LF morbidity management is

primarily guided by practices and policies used for other ongoing

surgical initiatives managed by national health services. For

example, WHO recommends a 30-day post-operative follow-up

period for common surgeries to support surgical site infection

surveillance (30). Ideally, a total of three patient check-in points

are scheduled during this surveillance period – week 1, week 2, and

week 4. Conducting surveillance for a longer but limited period of

time (such as three to six months) can be feasible, but again is often

prohibitive in low-resource settings.

In the case of filarial hydrocele there is a lack of clear global

guidance on follow-up points after 4 weeks. Mante and Seim (21)

suggest that “After the wound heals and the patient is discharged from

immediate post-operative follow-up at day 14, follow-up monthly is

suggested for two months, then at 6 months and one year, then only if

they have any problem”. Both countries in this study will need to focus

on the best way to standardise and support (through human and

financial resources) the associated costs of any long-term follow-up.

The Uganda team are keen to ‘recommend’ that after month 1, follow

ups are scheduled at month 6, year 1 and year 2 and greater attention is

given to follow up in communities (rather than only health facilities).
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Patient feedback

Patient feedback has been shown to be positively correlated with

improved patient outcomes in surgical intervention cases (31) and

can be integrated into the programme monitoring and evaluation

process. The categorisation of the patient feedback tool used in this

study into distinct domains facilitated the evaluation of various

aspects of the service, allowing the programme to identify and

implement necessary changes. Furthermore, the use of neutral

individuals to facilitate the assessment provided impartial

feedback on the quality of services received. The presence of

different question formats between the two versions made

conducting a comprehensive comparison of different domains

between the two countries difficult. To allow for such comparison

between settings the various versions will need to be harmonised.

We found the revised version 2 with Likert scale questions to be

ideal, as it allows for the evaluation of different domains on a scale.

Based on the findings here the open-ended questions may need to

be grouped, with the option to specify additional suggestions in an

open-ended format.

The results indicate that a considerably greater proportion of

patients in Nigeria (71.6% of all patients operated) participated in

the beneficiary feedback process compared to Uganda (3.6%). This

difference may be attributed to the interval between the time of

surgery and the feedback evaluation. In Uganda, the feedback

evaluation was conducted six months after the surgery, while in

Nigeria it happened within one month of the procedure. Looking

forward, we recommend considering the feedback evaluation as a

continuum which is aligned with the schedule for post operative

follow up and allows for both an evaluation of the patient’s

experience of the actual service immediately after the surgery

(e.g. at day 14 follow up) and an evaluation of the other aspects of

the surgery’s impact on their quality of life at much later times.

Such an approach will allow for a much more comprehensive

assessment. For instance, data indicate that in Uganda, most

respondents reported appreciable changes to their financial

circumstances. This finding might be explained by the fact that

the evaluation was carried out at 6 months after their surgeries,

when patients would have been fully recovered and have fully

returned to their financial activities. These additional aspects of

reintegrating into society, like the capacity to resume the

economic impact of surgery, are best assessed much later,

ideally three to six months following the procedure, when the

patient has had enough time to heal from the surgery and now

fully resumed economic activities. We advise against reviewing

feedback beyond six months, as this could lead to recall bias,

unless ongoing care and engagement with the healthcare service is

maintained throughout this period.
Digitised data and systems

We argue that the number of data entry errors or inconsistencies

in the data sets from both countries stem from, 1. Data literacy

challenges and 2. Programmes not following the process to undertake

data quality checks as the activities were ongoing.
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In the case of data literacy, the majority of data was entered into

the system not by the surgeons themselves but instead data entry

clerks and other staff who likely do not know all of the components

of hydrocele surgery and could therefore easily make mistakes when

entering data. Where use of the Hydrocele Tracker continues we

would recommend further training on hydrocele surgery for those

tasked with entering data. Sightsavers and national programmes

will also continue to obtain user feedback to help avoid data entry

errors, and the tool can be improved over time based on challenges

(e.g. forms could make the selection of surgical procedure default to

the procedure recommended by the country, and users would need

to change the default if a different surgical technique is being used).

It was not within the scope of this paper, but further research on the

Hydrocele Tracker could compare paper records with digital ones –

it may be the case that some errors were in paper records too.

In the case of data quality checks, we would recommend that the

process – checking in on the Data Quality Dashboard (part of the

data visualisation tool) every 2 weeks to find, investigate and fix

errors – be more strictly followed. That dashboard can also be

extended to flag additional errors, upon the national programme’s

request. Further research on the Hydrocele Tracker alone could

include a data quality review looking across the seven dimensions:

accuracy, reliability, precision, completeness, timeliness, integrity

and confidentiality (32). While undertaking analysis, accuracy and

completeness seemed to be most challenging, with some questions

answered inappropriately given the context of the patient, and at

times patients entered with pre-operative and post-operative data

but no inter-operative data. A data quality review would help the

national programmes understand the challenges and take action

where needed.

Data access is no doubt improved by a system like the Hydrocele

Tracker, but developing a culture of data use is even more important.

With subsequent use of the tool we would suggest more formalised

roles for supervisors and more clear guidance on how the tool can be

used (e.g. the dashboards can be used during programme review

meetings and for national/regional presentations; the data set can be

used to review surgeon performance and better plan subsequent

surgeon training).

Looking ahead to future iterations of the Hydrocele Tracker, the

experience from these pilots has brought to light potential changes

to indicators and data quality checks. Examples of such changes

among the pre-operative fields are removing ‘hydrocele diameter’

(used in Nigeria only), a field which isn’t part of any standardised

classification. Adding hydrocele stage and buried penis grade as

described by Capuano and Capuano (20) and recommended in the

WHO (2019) manual ‘Surgical approaches to the urogenital

manifestations of lymphatic filariasis (1) should be considered; a

standardised methodology and terminology is important for both

researchers and practitioners and will facilitate better patient care

(9). Another possible addition to the pre-operative form would be

asking patients if they had previous hydrocele surgery (as evidence

for recurrence).

The inclusion of patients with values below ‘standard’ thresholds

for decision to recommend surgery highlights the need for an
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additional field to support decisions taken e.g. i) a patient with

purulent products or haematic fluids will have Hb<9 though still

needs to be operated e.g. ii) some patients with HCT <30% may still

get surgery, based on physical examination which deems the patient

fit for surgery. Contingent upon such amendments in the Hydrocele

Tracker and related training these fields may be used to evidence

adherence to surgical standards/quality of surgical provision.

For the inter-operative form, the way volume (ml) is captured

could be changed so that the actual volume is recorded rather than

band; the current upper band (>500ml) does not capture very large

volumes that may be present. Additionally, standardisation of

information content relating to severity of complications and

steps taken to manage complications would be useful. The DQA

dashboard could include thresholds for implausibly long duration

of hospitalisation and an additional check on out of sequence or

oddly timed follow-up dates could also include date since surgery.

Both would enable the programme to check with facilities to fix data

entry errors.

As for the future of the system, one next step would be to hold a

formal evaluation with a group of global experts both in LF, surgery

and health data management. Greater engagement is also needed

with the broader surgical community and Sightsavers would

welcome other partners on the Hydrocele Tracker including, but

not limited to, theWest African College of Surgeons and the College

of Surgeons of East, Central and Southern Africa. These additional

perspectives, combined with that of the national programmes, could

help shape what a version 2 of the system may look like. The

amount of data being collected, the content of the dashboards, and

broader questions around national ownership, resource

considerations (both human and financial) and sustainability

could be included in the evaluation.

Part of that sustainability is the aspect of health information

systems and the larger picture in each country with surgical service

monitoring and reporting systems. Each LF endemic country will

differ greatly with current systems in place. In Uganda, for example,

while all records are paper-based, some health facilities also use

local health information systems to manage patient records.

However these systems may not be sufficient to manage post-

operative data, do not aggregate up and are not interoperable

with the national HMIS (33, 34).

Universal Health Coverage (UHC) principles towards the

realisation of the Sustainable Development Goals (SDGs) for 2030

include developing a sufficient health workforce able to deliver care

- and also a workforce that is able to manage individual medical

records, document access to services, and monitor outcomes of

surgeries at district and facility level. However, in many countries

the infrastructure is not yet in place to facilitate this. For national LF

programmes wanting the ability to track patients over time and

have multiple indicators automatically aggregated to district/

regional/national levels for programme monitoring and EPIRF

reporting needs, a system like the Hydrocele Tracker has the

potential to be a provisionary solution as community health

information or national electronic medical record systems

are established.
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