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Abstract

Introduction Chronic subdural hematoma (cSDH) is a common condition that causes significant morbidity and

mortality. In rural sub-Saharan Africa, there are very few neurosurgeons. Yet, cSDH is treatable by relatively simple

surgical intervention with potential for rapid clinical improvement.

Methods We conducted a retrospective chart review of all patients with cSDH who underwent burr-hole trephination

at Tenwek Hospital, Kenya, between July 2014 and July 2016. We extracted and compared the clinical presentation,

risk factors, operative details, and outcomes.

Results A total of 119 patients were identified with a mean age of 61.3 years. The majority were men (80%). The

main predisposing factors were trauma (54.6%) and alcohol intake (34.4%). Patients were generally managed with

two burr-holes, irrigation, and a subdural drain, remaining for a median of 2 days. Operations were assisted by

general surgery residents under direct supervision of senior residents (46), general surgeons (65), and neurosurgeons

(8). Complications included recurrence (5.2%), subdural empyema (2.5%), postoperative seizures (3.4%), and

mortality (6.7%). Improvement of symptoms was noted in 91% of all patients.

Conclusion Operative management of cSDH can be safely performed in rural facilities by general surgeons familiar

with the procedure and with the institutional resources. The majority of patients had satisfactory outcomes.

Introduction

Burr-hole craniostomy, trepanation or trephination, is per-

haps one of the oldest known surgical procedures [1].

Prehistoric evidence exists that trepanation has been widely

used by many societies, including communities within

Kenya [2]. In more recent eras, surgical drainage of chronic

subdural hematoma (cSDH) has been a preserve of the

neurosurgeon with good results. In Kenya, the main

neurosurgical referral centers, in Nairobi and Eldoret—far

from rural areas, claim to manage 90% of the neurosurgical

cases [3]. Yet, significant trauma occurs in rural areas [4].

To deal with this high burden of trauma, there is one

neurosurgeon for every five million people in sub-Saharan

Africa [5].

Subdural hematoma is a collection of blood between the

inner layer of the dura but external to the brain and

arachnoid membranes. The development of cSDH arises at

the dural border cell layer and may be precipitated by an

unresolved acute subdural hematoma or a subdural

hygroma [6]. For cSDH, surgical evacuation is the main-

stay of treatment for patients with symptoms or significant

mass effect and burr-hole craniostomy is the gold standard

with the best cure-to-complication ration [6], although

there are some reports of spontaneous resolution [7, 8].
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Treatment is commonly performed by a neurosurgeon with

two-hole burr-hole craniostomy or twist-drill craniostomy

[9, 10] with or without irrigation [10, 11] and drainage, all

with favorable outcomes [12].

Despite the significant history of trepanation and the

incidence of cSDH in places with limited options for

treatment, few reports exist on general surgeons safely

performing drainage of cSDH. One such study from Aus-

tralia [13] reports successful outcomes from general sur-

geons located in rural areas. Additionally, Phang et al. [14]

reported that cSDH can be managed effectively by neuro-

surgical trainees with similar outcomes as their seniors.

There have been some recent efforts to improve neuro-

surgical education in low- and middle-income countries

(LMICs) [15–17]. Yet, there is debate on whether general

surgeons and medical officers should be involved in neu-

rosurgical care [5, 18]. The aim of this study was to

determine whether burr-hole craniostomy can be safely

performed in a rural, resource-limited setting [19] with

acceptable outcomes in the management of cSDH.

Methods

We conducted a retrospective review of patients diagnosed

and treated for chronic subdural hematomas in Tenwek

Hospital, Bomet County, Kenya, over a period of 2 years

from July 2014 to July 2016. Approval for the study was

obtained from the Tenwek Hospital Ethics Committee.

Cases were identified by reviewing all patients who had a

discharge diagnosis of chronic subdural hematoma. All

patients who underwent burr-hole craniostomy during the

time period were included for the analysis. Charts were

reviewed in the institutional electronic medical record and

surgical resident operative case log system. The diagnosis

was confirmed on computerized tomography (CT) scan

imaging after clinical diagnosis based on a variety of pre-

senting signs and symptoms. Operative management is with

two burr-holes on a given side with cSDH and irrigation with

normal saline. To reduce postoperative recurrence, we also

typically utilize postoperative drainage [10, 20, 21]. Data

extracted from the individual case records and analyzed

included the patient’s age, gender, comorbidities, presenting

complaints, physical examination findings, investigation

findings, operative procedure, operating surgeon and their

details, complications, mortality, length of hospital stay, and

clinical improvement at the time of follow-up. If any

comorbidity was listed within the medical chart, it was

recorded. Potential risk factors, including history of trauma

or fall, alcohol use, history of epilepsy, chronic renal failure,

liver cirrhosis, or hematologic diseases, and usage of anti-

coagulation or antiplatelet medications, were also searched

for and recorded. Procedure duration was not available

during the data collection period. Details about the super-

vising surgeons, including specialty, level of training, and

duration of commitment, were recorded. Operations are

performed with the assistance of surgical residents under the

supervision of typically senior residents and always with

supervision of a consultant surgeon of all residents. The

measured level of resident supervision required by the

supervisor was not implemented prior to the completion of

the data collection. A supervisor whose commitment to the

institution was for less than 6 months was considered short-

term. Our nonprofit mission hospital often relies on short-

term volunteers to help with the staffing of the hospital.

The primary outcomes were recurrence and mortality. A

secondary outcome was symptom improvement. A patient

was determined to have improved if their symptoms or

neurological deficit had resolved or improved at the time of

the last follow-up. If improvement of symptoms or neu-

rological deficit was achieved, this was defined to be a

favorable outcome. Recurrence was defined as a return or

persistence of symptoms which prompted confirmation by

CT scan imaging. Mortality was defined as any death

within 30 days of the operation regardless of whether it

was related to the procedure. Fourteen-day follow-up visits

were typical since our standard procedure is to have a

postoperative clinic visit at 2 weeks. In our setting, if a

patient is doing well, he or she will not return due to the

financial hardship of travel. When patients are found to be

doing well, they are discharged from surgical clinic with

instructions on signs and symptoms to return. Patients who

experience complications or recurrence will almost uni-

versally return to our facility since there are limited options

for treatment at nearby facilities. Routine postoperative

imaging on asymptomatic patients is not performed. If

problems do develop such as recurrence or mortality, it is

very likely that the patient would return to our facility.

The data were collected using a standardized data col-

lection sheet and the results entered into a Microsoft Excel

spreadsheet and summarized using descriptive statistics. Epi

Info Version 3.5.4 was utilized for data analysis. Sample size

did not permit multivariate analysis for outcomes based on

the clinical provider. Statistical tests include Chi-square

analysis and Fisher’s exact test for low frequencies in addi-

tion to Mann–Whitney U test for outcomes between different

nonparametric groups. A p value of 0.05 was considered for a

statistically significant difference.

Results

There were 119 patients identified with male preponder-

ance of 80%. The mean age was 61.3 years (range

19–94 years). The main presenting complaints are listed in

Table 1.
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The most common risk factors for cSDH were a history

of trauma (54.6%), alcohol use (33.6%), and epilepsy

(3.4%). The most frequent comorbidities included hyper-

tension (25.4%) and diabetes mellitus (4.2%). There were

no patients in this series with known coagulopathy or on

anticoagulant medications.

The majority of patients had a Glasgow Coma Scale

(GCS) of 15 (47%) and 14 (22%). The presenting GCS was

a mean of 13.2, median of 14, and range of 3–15. On

evaluation with a CT scan, the hematoma was found on the

left side (45%), right side (35%), and bilateral (19%).

Operations were typically performed under general anes-

thesia (95%) with two burr-holes and irrigation (100%). A

subdural drain was left in situ in the majority of patients

(98%). The drain, typically a Foley catheter, was left in

place for median of 2 days and mean of 2.1 days (range

0–7 days) with a duration of hospital stay of a median

3 days, mean 3.8 days (range 2–14 days).

Outpatient follow-up was available for 109 patients

(92%). Postoperative complications included recurrence 6

(5.2%), seizures 4 (3.4%), and subdural empyema 3

(2.5%). No cortical lacerations were identified in this ser-

ies. In our setting, there was no statistical difference in the

duration of subdural drain placement in patients with

recurrence (mean 2.8 days, range 2–6 days) and those

without recurrence (mean 2.2 days, range 1–7 days)

(p = 0.20). Mortality occurred in 8 patients within 30 days

(6.7%). Death occurred an average of 8.25 days after the

operation (median 6 days; range 2–21 days). Causes of

death were respiratory failure with pneumonia (4), atrial

fibrillation with stroke (1), seizures (1), renal failure (1),

and sepsis from decubitus ulcer (1). Mortality was associ-

ated with an increased average age, 73.4 versus 60.5 years

(p = 0.04), a lower average presenting GCS, 10 versus 14

(p = 0.01), presence of diabetes (p = 0.002), and a higher

ASA score, 2.8 versus 2.2 (p = 0.02). There was no cor-

relation with duration of presentation (p = 0.27), alcohol

use (p = 0.19), or sex (p = 0.72). The majority of the

patients (90.8%) had a favorable outcome.

Cases were performed by surgical residents with the

involvement of senior residents and consultants. Faculty

are consulted for all patients that undergo an operation.

Immediate supervision in the operating room was by senior

residents (46), consultant general surgeons (65), and con-

sultant neurosurgeons (8). Care was provided by 21 sur-

gical residents, 11 long-term and 3 short-term general

surgeons, and 2 short-term neurosurgeons. The neuro-

surgery group operated on patients with higher ASA scores

(p = 0.02) and longer duration of symptoms (p = 0.03)

(Table 2). There was no significant statistical difference in

negative outcomes between general surgeons and neuro-

surgeons or between consultant and resident supervision

(Table 3). The sicker patients in the neurosurgery group

likely contribute to the finding that improvement of

symptoms was more likely in the general surgery group

(p = 0.01). Although the sample size is limited, the length

of commitment from the supervising surgeon was statisti-

cally significant for mortality and improvement, but also

for the higher ASA. Supervisors who were committed to

less than 6 months, including general surgeons and

Table 1 Chief complaint at the time of presentation

Complaint Frequency

Headache 57 (47.9%)

Paresis 44 (36.9%)

Confusion 15 (12.6%)

Inability to talk 10 (8.4%)

Loss of consciousness 4 (3.3%)

Seizures 3 (2.5%)

Table 2 Characteristics of patients for groups of supervising surgeons

Senior

residents

General surgery

consultants

Neurosurgery

consultants

p value Short-

term

Long-

term

p value

Average age (years) 59.9 62.4 67.3 0.46 60.7 65.5 0.33

Hypertension (%) 26.1 21.5 50.0 0.22 26.7 25.0 0.89

Diabetes (%) 0 4.6 25 0.01 20 1.9 0.001

Mean ASA 2.3 2.1 2.6 0.02 2.6 2.1 0.02

Mean presenting GCS score 13.1 13.4 13.8 0.71 12.3 13.5 0.07

Duration of symptoms

(weeks)

2.4 2.2 4.5 0.03 2.3 2.9 0.53

Duration of hospital stay

(days)

3.5 3.8 5.3 0.13 3.6 5.2 0.02

Average duration of drain

(days)

2.0 2.3 2.3 0.45 2.1 2.8 0.66
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neurosurgeons, were more likely to operate on patients

with higher ASA scores (p = 0.02), and to have mortality

(p\ 0.001) and less likely to have improvement in

symptoms (p = 0.01).

Discussion

Chronic subdural hematoma (cSDH) is one of the most

common neurosurgical conditions. With an increasing

global incidence, it is treatable by relatively simple sur-

gical interventions in which the majority of patients

experience improvement. Our results demonstrate that

chronic subdural hematomas can be effectively managed

with acceptable outcomes by general surgeons and general

surgery residents in a low-resource setting. This review of

patients with cSDH is to our knowledge among the first

series to describe the operative management of cSDH by

general surgeons in sub-Saharan Africa and other low-

resource settings.

However, for years, general surgeons working in low-

resource settings have managed neurosurgical conditions

out of necessity [22]. The thought that emergency care is

better than no care at all has driven surgeons and other

providers to work outside of their comfort zones to provide

life-altering therapy to patients in need. At Tenwek

Hospital, missionary and national surgeons have provided

this care for years. Visiting neurosurgeons have helped to

refine techniques, improve the quality of care, and expand

elective services [23, 24]. Since the implementation of a

surgical training program in 2008 [25], general surgery

residents have been capably performing essential surgery

under the supervision of general surgeons and surgical

specialists. The essential surgical skill of burr-hole cran-

iostomy [26] has been effectively applied to the treatment

of cSDH in our setting. The pressing need for more general

surgeons capable of managing neurosurgical conditions

should also be prioritized.

The need to further neurosurgical training and capacity

are increasingly well-recognized priorities within sub-Sa-

haran Africa [27, 28]. There are some reports of neuro-

surgery residents [14] and general surgeons [13, 29–33]

performing burr-hole craniostomy outside of sub-Saharan

Africa. Other examples exist within low- and middle-in-

come countries (LMICs) with attempts to transfer specific

neurosurgical skills to local health care workers [34, 35].

In Tanzania, visiting neurosurgeons instructed and then

supervised procedures. Basic cranial and spinal neurosur-

gical procedures were taught [34]. Over time, through this

organization, Madaktari Africa, complication rates

decreased and trainees became trainers [35]. Although our

sample size is small, our data suggest that long-term

commitment of the supervising physician may beT
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associated with improved patient selection and decreased

mortality. If this holds to be true in further data collection,

it would emphasize the need for a long-term presence, as

suggested by others, when providing surgical care in

LMICs [36]. Neurosurgery consultants were more likely to

operate on patients who had a longer duration of symptoms

and higher ASA scores (Table 2). This could reflect a

patient selection bias that more difficult patients are

selected for visiting neurosurgeons or that visiting super-

visors are more aggressive with the limited resources

available than those with long-term commitment. Since the

conclusion of this study, our institution now has a long-

term neurosurgeon and will have ongoing data collection.

Despite increasing interest in global surgery, cost-ef-

fectiveness analyses often neglect neurosurgical interven-

tions in their calculations [37]. Simple burr-hole

craniostomy has the ability to drastically improve the

quality of life and functional status with a relatively low-

cost intervention. Furthermore, patients who benefit from

intervention are often the breadwinners for their family and

their disability or death can result in catastrophic conse-

quences for family members. This aspect warrants further

study.

To ensure our institution is providing quality surgical

care, we intended to determine outcomes to compare to

other institutions. The mortality rate in our review was

6.7% which is comparable to other studies that report a

range of between 1.2 and 16.7% among patients with

cSDH [38–40]. Similar to other studies, factors associated

with the increased mortality in our series include older age,

lower average presenting GCS, and higher mean American

Society of Anesthesiologist (ASA) physical status classi-

fication. Our recurrence rate of 5.2% is consistent with

previous studies which range between 5.5 and 25%

[41–44]. In our setting, there was no difference in the

duration of subdural drain placement in patients with

recurrence.

One limitation to our study is the lack of some important

data points at our hospital including the procedure duration,

level of resident supervision, and patient follow-up, a

problem common to institutions in sub-Saharan Africa

[45]. An additional limitation is our intentional follow-up

period of 2 weeks. Patient follow-up can be difficult in our

setting and other low-resource settings [46, 47]. Due to cost

constraints and the burden of follow-up to patients who

have recovered and are otherwise well, we do not prioritize

routine follow-up care after 2 weeks. Despite this, we were

able to obtain outpatient follow-up on over 90% of

patients. While it is possible that patients with recurrence

or complications present to a different institution, there are

very few hospitals within Kenya capable and willing to

manage such patients. Accordingly, patients with compli-

cations from surgical procedures will typically return to our

institution for further care. A further limitation to the

analysis on comparing outcomes based on provider is a

lack of sample size inhibiting our ability to perform mul-

tivariate analysis. We urge caution in interpreting the

results; however, the findings are of interest and will be

further evaluated in future studies.

Overall, our results show that favorable outcomes can be

achieved by general surgeons performing burr-hole cran-

iostomy. We contend that burr-hole trephination can be

safely taught to general surgeons and should be an essential

part of surgical training in low-resource settings. This

series demonstrates the importance of training general

surgeons to have burr-hole craniostomy within their

repertoire. Thus, patients suffering from cSDH should be

able to access appropriate care even in rural areas of sub-

Saharan Africa.
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