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Introduction

In most instances of ptosis, the lid droop is evident on upgaze, and may actually be more obvious to the observer in this position. Harrad and Shuttleworth observed that in a subset of patients the ptosis is seen to progressively diminish, or even disappear, as the eye moves above the primary position. [START_REF] Harrad | Superior rectus-levator synkinesis: a previously unrecognized cause of failure of ptosis surgery[END_REF] These findings were explained as the result of synkinesis between the levator and superior rectus muscles on the basis of clinical observations and the results of forced duction tests. [START_REF] Harrad | Superior rectus-levator synkinesis: a previously unrecognized cause of failure of ptosis surgery[END_REF][START_REF] Brodsky | The Doctor's Eye. Seeing through the Myopathy of Congenital Ptosis[END_REF] Harrad and Shuttleworth reported that failure to recognise synkinesis in ptosis patients can lead to corrective surgery being unsuccessful. In their initial description 7 patients were described, 6 of whom had presented to the authors over a 2 year period. It was suggested that the phenomenon may be common, but often unrecognised as assessing levator function in the conventional manner is insufficient to identify the subset of patients with synkinesis. They advised observing upper lid position in 9 directions of gaze in order to look for synkinesis.

In this paper we propose a simple modification in the way levator function is assessed, and evaluate its effectiveness in identifying synkinesis.

Methods

Conventionally levator function is assessed by measuring total upper eyelid excursion

between the extremes of down-gaze and up-gaze. [START_REF] Berke | A simplified Blaskovics operation for blepharoptosis. Results in ninety-one operations[END_REF][START_REF] Johnson | Blepharoptosis: a general consideration of surgical methods with the results in 162 operations[END_REF][START_REF] Nerad | Oculoplastic Surgery: The Requisites in Ophthalmology[END_REF][START_REF] Jro Collin | A Manual of Systemic Eyelid Surgery[END_REF][START_REF] Boboridis | Repeatability and reproducibility of upper eyelid measurements[END_REF][START_REF] Steel | Unilateral congenital ptosis with ipsilateral superior rectus muscle overaction[END_REF] This is usually performed with a ruler held in front of the patient's eye, and with the examiner pressing one digit over the patient's brow to prevent the action of the frontalis muscle contributing to any eyelid movement.

We propose a 2 Phase assessment of levator function, which is a simple modification of the conventional approach. The upper eyelid excursion is measured in the same manner, with a ruler held in a fixed position against the patient's cheek, but the eyelid movement is recorded in 2 separate stages, namely:

-Phase 1: down-gaze to primary position -Phase 2: primary position to up-gaze This is illustrated in Figure 1.

In this study we recorded both the conventional measurements and our 2 Phase approach in 40 consecutive patients with ptosis who attended specialist oculoplastic clinics in the Eye Ear and Mouth Unit, Maidstone Hospital and Bristol Eye Hospital, and, as a bench-marking exercise, in patients with no known eyelid abnormalities attending the general ophthalmology clinics. This latter group were examined in order to identify the normal distribution of eyelid movement into phase 1 and phase 2; as such they were neither age nor sex matched to the "known-ptosis" population. Patients with known myasthenia gravis were excluded from the study.

Sensitivity and specificity and the Kappa statistic were used to assess agreement between the existing standard method of testing for synkinesis, [START_REF] Harrad | Superior rectus-levator synkinesis: a previously unrecognized cause of failure of ptosis surgery[END_REF] and a proposed new method based on the 2 phases of lid movement.

Results

There was a predominance of females in both the normal and ptosis patient groups (64 and 65% respectively). The normal population were all adults (18 or more years old) except for one subject of 16 years old; all were attending the ophthalmology clinics because of noneyelid related complaints. The consecutive series of 40 ptosis patients was for the large part adults with aponeurotic ptosis (28 patients, mean age 69.5 years). The remaining ptosis patients consisted of 6 children and 1 adult with congenital ptosis, 1 child with double elevator palsy and jaw winking, 1 child and 1 adult with ptosis secondary to lid trauma, and 2 adults with ptosis following a III nerve palsy and a cerebrovascular accident (CVA) respectively.

The normal population of patients were first examined using the conventional manner of assessing levator function (i.e. measuring upper eyelid excursion between down-gaze and upgaze). The mean eyelid excursion in the normal population was 15.2 mm with a relatively small range of 14 to 18 mm. The same patients were then assessed using the 2 Phase measuring technique, this revealed that the majority of upper lid movement (mean 10.1 mm corresponding to 66% of total excursion) occurred in Phase 1. Figure 2A shows the percentage of upper eyelid excursion that occurred in Phase 1 and Phase 2 for each of the normal subjects; in all cases 60% or more of the movement occurred in Phase 1.

The "known ptosis" population were consecutive patients attending with ptosis of varying aetiology. All had a palpebral aperture of less than 9mm in the primary position. As would be expected, the mean palpebral aperture and total lid movement, as measured with the conventional approach, were lower than in the normal population. This population also had a greater degree of variability as reflected by the standard deviations; this was also to be expected as the ptosis population included both patients with aponeurotic dehiscence ptosis (who typically have conventional levator function measurements within the normal range) and patients with congenital ptosis in which levator function is reduced. 6 of the patients with known ptosis were observed to have synkinesis on the basis of the known clinical characteristics, [START_REF] Harrad | Superior rectus-levator synkinesis: a previously unrecognized cause of failure of ptosis surgery[END_REF] with ptosis in the primary position which became less evident in up-gaze (Figure 3).

The results of the 2 Phase measurement of lid movement in the ptosis group were also more varied than those obtained in the normal population. As shown in figure 2B, for 35 (87.5%) of this population the majority of the eyelid excursion occurred in Phase 1 (as was seen with the normal population) and in 5 patients (4 with disinsertion and 1 with Marcus Gunn jaw winking and double elevator palsy) 80% or more of the lid movement occurred in Phase 1.

However, there was a distinct subgroup of 5 patients in which the normal situation was reversed, with 50% or more of the movement occurring in Phase 2. In this subgroup all patients were known to have ptosis with synkinesis, 2 patients had congenital ptosis, and the other 3 had ptosis following a brainstem cerebrovascular accident (CVA), lid trauma and a traumatic III nerve palsy respectively. The 6 th patient with known synkinesis had a more normal pattern of lid movement, with 61% of the total lid movement occurring in Phase 1.

Agreement between the 'standard method' for identification of synkinesis and the presence of 50% or more of lid movement occurring in Phase 2 was assessed as a possible test to identify patients with synkinesis. In our sample of 40 ptosis patients this test was 83% sensitive and 100% specific for synkinesis with Kappa equal to 0.89 (chance adjusted agreement) and % exact agreement of 97.5%, thus representing excellent agreement. or more of the eyelid movement occurs between down-gaze and primary position (Phase 1).

In 5 cases a higher than expected Phase 1, of 80% or more of total eyelid movement, was recorded. This may be expected in cases of congenital ptosis, which is commonly noted to be worse in upgaze, [START_REF] Hirasawa | Upgaze Eyelid Position Allows Differentiation Between Congenital and Aponeurotic Blepharoptosis According to the Neurophysiology of Eyelid Retraction[END_REF] but not in those with levator disinsertion and this warrants further investigation. However, 50% or more of lid excursion occurring in Phase 2 (i.e. between primary position and up-gaze) was 100% specific for synkinesis in our series. This method of assessing levator function can therefore be used to aid the detection of synkinesis.

Sensitivity however was less than 100% (83%) as one of the patients with known synkinesis had a more normal pattern of lid movement.

The finding of synkinesis in 6 out of a series of 40 patients represents a prevalence of 15% (95% CI 6.9% to 29.6%). These results confirms that superior rectus-levator synkinesis is a relatively common condition, and it should be suspected in congenital ptosis and in those patients with a known neurological abnormality or trauma, as suggested by Harrad and Shuttleworth. [START_REF] Harrad | Superior rectus-levator synkinesis: a previously unrecognized cause of failure of ptosis surgery[END_REF] Failure to identify synkinesis can adversely influence the success of lid surgery. The surgical algorithms available depend upon the total levator function but we suggest that, as people rarely look above the primary position, it is more appropriate to base surgery on the functional levator excursion which corresponds to Phase 1 of our 2 Phase assessment. We have observed that taking account of total levator function leads to an under correction of those patients with synkinesis as the functional levator movement is overestimated by conventional assessments of lid excursion.

Furthermore particular care should be taken in the intra-operative positioning of patients with synkinesis when undergoing surgery with local anaesthesia. Commonly the use of a head rest can lead to a slight chin-down posture; if the patient is given a fixation target held directly above them it may not be perpendicular to the plane of their face. In those patients with synkinesis the ptosis can then be significantly under estimated and under corrected as the lid is held higher than the primary position at which point the effect of the synkinesis comes into play.

Legend to Figure 1:

The two phase assessment of levator function. Upper eyelid position is recorded in downgaze (C), primary position (B) and upgaze (A). The Phase 1 value is the lid movement between down-gaze and primary position, and the Phase 2 value is lid movement between primary position and up-gaze. 

Legend to

The 2

 2 Phase measurement of lid movement we have described is a simple modification of the standard means of assessing levator function. It takes less than 30 seconds to perform. Its use in a population with normal eyelid movements and a population with ptosis has demonstrated that in normal subjects and most patients with ptosis, of whatever cause, 50%

Figure 2 :

 2 Photographs of 2 patients with right ptosis. Parts A and B are of a typical ptosis patient in primary position and upgaze respectively; the ptosis remains evident on upgaze. Parts C and D are of a ptosis patient with superior rectus-levator synkinesis; the ptosis is marked in primary position (C), but is seen to progressively diminish in upgaze (D).

Figure 2A :

 2A Figure 2A: Percentage of lid movement in each phase in normal subjects

Table 1 .

 1 

		Normals	Known Ptosis (n=40)
			Ptosis without	Ptosis with
			synkinesis	synkinesis
		(n=22)	(n=34)	(n=6)
	Age (mean, years)	57.7	59.4	47.7
	Conventional Measurement (mm ± sd)		
	∑ Levator Function	15.2 ± 1.0	13.0 ± 2.6	13.5 ± 4.0
		(100%)	(100%)	(100%)
	2 Phase Measurements (mm ± sd)		
	Phase 1:			

Table 1 :

 1 Summary of measurements .
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Conclusions

The 2 Phase assessment of levator function facilitates the identification of those patients with synkinesis. It is a simple modification of the conventional method of recording levator function and we would recommend its use.