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Abstract
Objectives: This study was designed to evaluate the reliability of preoperative ultrasonography (USG) to detect tractional retinal detachment (TRD) in vitreous hemorrhage (VH) due to proliferative diabetic retinopathy.
Methods: The medical records of patients with VH who underwent A- and B-scan ultrasonography prior to a vitrectomy
between November 2016 and May 2017 were reviewed in this retrospective study. All of the patients were assessed using
USG before surgery with 4-quadrant transverse and 1-quadrant longitudinal scans whether to determine if the VH was
accompanied by TRD. The USG results were compared with the vitrectomy findings.
Results: A total of 111 eyes of 106 patients with VH were evaluated. Twenty-three eyes were excluded from the study
due to non-diabetic diagnoses, such as retinal vein-artery occlusion, trauma, intraocular mass, choroidal neovascular
membrane, or macroaneurysm. The remaining 88 eyes with diabetic VH were included in the study. Preoperatively, VH
alone was observed in 65 eyes (73.8%) and VH accompanied with TRD was determined in 23 eyes (26.2%) using USG.
TRD was not found during the operation in 2 eyes (2.2%) diagnosed as VH with TRD by USG (false positive), and in 8 eyes
(9.1%), TRD was detected during surgery though VH alone had been recorded based on the USG results (false negative).
Conclusion: USG is a reliable diagnostic tool that will provides accurate preoperative information about the presence
of TRD in diabetic VH; however, in some cases TRD may go undetected, especially in eyes with peripherally localized or
small TRD.
Keywords: Hemorrhage, tractional retinal detachment, ultrasonography

Introduction
Proliferative diabetic retinopathy (PDR) is an important
cause of blindness in the young and middle-aged population
(1). PDR manifests with retinal ischemia and neovascularization, which can result in vitreous hemorrhage (VH) and

tractional retinal detachment (TRD). Posterior vitreous detachment (PVD), with or without retinal tear or retinal detachment and ocular trauma, are the most common causes
of VH (2-6). PDR is the most frequent cause of spontaneous
VH, which can be dense enough to prevent visualization of
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fundus details (7). The presumed mechanism of VH is bleeding from neovascular vessels caused by the tractional effect
of acute PVD (4). Sometimes bleeding can occur even in the
absence of proliferative disease.
Ultrasonography (USG) uses piezoelectric lead-zirconate-titanate crystals that generate an electronic charge,
which creates an ultrasonic (inaudible, >20 kHz) sound wave.
The sound wave is reflected back from any echodense object. The piezoelectric crystals pick up the reflected sound
and convert it to electric signals, which provide the echogram image. USG is very valuable in ophthalmology, as in
other fields (8). Ocular USG is a very useful tool in the evaluation of the posterior ocular fundus, particularly when fundus details are obscured by blood or any other media opacity. USG can provide information regarding the morphology
of the vitreous and the retina, as well as the localization and
extent of any hemorrhage (9,10). USG can deliver a highly
accurate diagnosis of posterior eye segment pathology (11).
Yet, in spite of recent advances in ophthalmological examination techniques, preoperative evaluation of vitreoretinal
diseases accompanied by VH are often difficult to diagnose.
USG offers an opportunity to plan surgery and follow-up
when surgery is not the first-line therapy. The objective of
this study was to assess the detection of TRD with USG in
patients with VH caused by diabetic retinopathy.

Methods
This retrospective study included patients with VH who underwent B-scan USG prior to a vitrectomy at Beyoglu Eye
Training and Research Hospital between November 2016

Figure 1. B- and A-scan showing tractional retinal detachment.
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and May 2017. All of the patients had dense VH that prevented visualization of the fundus. The study procedure adhered
to the Declaration of Helsinki. Institutional ethics committee approval was obtained to collect patient data.
The records of 111 eyes of 106 patients with VH were
reviewed. Twenty-three eyes (20.7%) with VH were excluded due to non-diabetic VH, such as retinal vein occlusion (12
eyes), trauma (6 eyes), intraocular mass (1 eye), hemorrhagic
choroidal neovascular membrane (1 eye), retinal artery occlusion (1 eye), or suprachoroidal hemorrhage (1 eye). The
remaining 88 eyes were determined to have diabetic VH,
with or without TRD. Before undergoing a vitrectomy, all
of the patients were evaluated with USG. In a seated position, the A- and B-scan USG procedures were initiated by
administering topical propacaine hydrochloride drops. Subsequently, carbomer gel was applied on the eyelids for the
B-scan to improve sound penetration of the eye. A linear
transducer was placed on the eyelid and pressed smoothly
on the eyeball. Axial horizontal, axial vertical, and vertical
transverse scans are used to detect TRD. The vitreous cavity
was evaluated in terms of bleeding intensity and mobility,
and other pathologies. Retinal elevation and traction were
recorded by carefully scanning the globe in all 4 quadrants.
To study the vitreoretinal relationships more accurately, dynamic B-scanning was used on each eye during ocular movements. TRD was defined as a tent-like and/or table-top configuration observed on the B-scan and a retinal peak on the
A-scan. Tent-like TRD is produced by pointed echoes, while
table-top detachment is the result of broader vitreoretinal
adherence (Fig. 1).
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All of the USG procedures were performed with the EZ
scan 5500 (Sonomed Escalon Inc., Wayne, PA, USA) using
a 10-mHz probe. The A-scan was used at the tissue sensitivity gain setting to assess the reflectivity of the suspected pathology. The USG findings were photographed. The
USG examination was performed by an experienced vitreo-retinal surgeon in all cases. The surgical procedure was
a three-port pars plana vitrectomy with endolaser photocoagulation of the ischemic retinal areas using the Constellation system (Alcon Laboratories, Inc., Fort Worth, TX,
USA). When TRD was present in addition to the VH, all
of the tractional membranes were peeled off and an intraocular tamponade (silicone oil or gas [SF6/C3F8]) was
injected. The intraoperative findings were compared with
those of the preoperative A- and B-scans. A false-positive
was defined as positive USG results in the absence of surgical findings, and a false-negative was defined as a negative
USG result with a positive surgical finding. The specificity
and sensitivity were calculated using the formula described
by Dickie et al. (12).

retinal wall was mistaken for TRD. The presence of TRD
plus VH was confirmed during surgery in 21 eyes (91.4%)
eyes assessed as such with the preoperative USG examination. Table 1 illustrates the distribution of VH and TRD as
detected by USG or surgery.
The sensitivity and specificity of B-scan USG for the recognition of TRD in diabetic VH was 72.4% and 96.6%, respectively.

Discussion
USG is a very useful technique to evaluate eyes with diabetic
retinopathy and VH, especially when visualization of the fundus is not possible. USG can provide information useful to
the diagnosis, prognosis, and plans for treatment of diabetic
retinopathy and other ocular diseases (9, 10). In this study,
PDR (79.3%) was the most common cause of VH. In contrast, Lean and Gregor (4) and Lindgren et al. (5) reported
vitreous detachment and traction of a retinal vessel (41%)
as the most common cause of VH. This difference is likely
due to the fact that as a tertiary eye center, a large number
of patients with advanced diabetic disease present at our
institution.
The role of USG in determining TRD in eyes with blurry
media has been clearly demonstrated in the past (13). Currently, there is no other method for reliably detecting the
anatomical position of the retina when direct examination is
impossible. In the present study, USG accurately defined the
anatomical conditions of the retina in 78 of 88 eyes (88.7%),
with 2 false positives (2.2%) and 8 false negatives (9.1%). The
results reflect high specificity and positive predictive value,
and somewhat lower sensitivity and negative predictive value. These data are consistent with those of Jack et al. (14),
Jalkh et al. (15), and Kumar et al. (16), who found that preoperative USG had accurately determined the anatomical state
of the retina in 84% to 89% of eyes with VH. In more recent
studies analyzing vitreoretinal diseases, the reported overall
sensitivity of USG performed by ophthalmologists to assess

Results
The study population included 88 eyes of 83 patients with
diabetic VH: 32 women and 51 men. Bilateral involvement
was observed in 5 patients. The mean age of the participants
was 60.95±11.4 years.
USG examination revealed preoperative VH in 65 eyes
(73.8%) and VH plus TRD in 23 eyes (26.2%). Among the 65
eyes with VH, TRD was detected in 8 eyes (12.3%) during
vitrectomy when it had not been observed during the USG
examination. The TRD was peripherally located in 3 eyes
and very small in 5 eyes, which explains why it was not detected with USG. The VH diagnosis was confirmed during
the vitrectomy in the remaining 57 eyes (87.7%). TRD was
not observed during the procedure in 2 of 23 eyes (8.6%)
that were found to have TRD in the USG examination. In
these 2 eyes, very intense hemorrhaging at the posterior

Table 1. Distribution of patients with VH or VH plus TRD diagnosed by USG or during surgery
Ultrasonography

VH

			

Surgery (true status)
VH plus TRD

VH

57

8

		

True negative

False negative

2

21

False positive

True positive

59

29

VH plus TRD
		
		

TRD: Tractional retinal detachment;VH:Vitreous hemorrhage.

Total

65
23
88

52

the anatomical conditions of the retina has been 97.3% to
97.7% (16,17). In patients with more complex findings, such
as choroidal detachment and TRD, a slightly lower agreement between USG and surgical findings of at 92% (19) and
92.2% (18) has been reported.
Inconsistency between USG and clinical findings is primarily due to the dynamic nature of the surgical procedure,
the high degree of reflectance in cases of posterior vitreous
detachment, and the complex echoes in eyes with PDR and
TRD (17-19).
Parchand et al. (18) reported that the overall sensitivity
and specificity of USG examination for the presence of TRD
was 87.5% and 100%, respectively. In our study, the sensitivity and specificity of B-scan USG for TRD in diabetic VH was
72.4% and 96.6%, respectively. We think that the small number of patients in the previous study contributed to the higher rate. Significant changes, such as retinal detachment, can
be reliably diagnosed with USG, even with limited resources.
However, changes that can affect the management plan and
the final prognosis require more detailed examination by an
experienced ophthalmologist.
Our study was performed with a 10-MHz probe. Hewick
et al. (21) compared a 10-MHz probe with 20-MHz probe
and found that the 20-MHz probe offered greater resolution
of the chorioretina, sclera, optic nerve sheaths, retinal disorders, and extraocular muscles. The lower USG sensitivity
(72.4%) seen in our study compared with some other research is due to the fact that some instances of TRD were
missed (17,19,20). This may have occurred because the TRD
was very small or peripherally located, or as a consequence
of the probe’s lower resolution (10 mHz).
The principal limitation of this study is the relatively small
number of patients compared with other studies in the literature (15,20,22). For conclusive results, future studies with a
larger number of patients are required.
Preoperative USG is a reliable diagnostic tool that
provides largely accurate information with respect to the
presence of TRD in diabetic VH. Some peripherally located or small TRD may not be recognized in a USG examination.
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