
Vol.:(0123456789)1 3

Graefe's Archive for Clinical and Experimental Ophthalmology (2023) 261:3511–3520 
https://doi.org/10.1007/s00417-023-06120-2

CATARACT

Impact of axial length on visual outcomes and complications 
in phacoemulsification surgery: a multicenter database study

Kinza T. Ahmad1 · Muhammad Z. Chauhan1 · Mohamed K. Soliman2 · Abdelrahman M. Elhusseiny1 · Yit C. Yang3 · 
Ahmed B. Sallam1,4 

Received: 22 November 2022 / Revised: 7 April 2023 / Accepted: 18 May 2023 / Published online: 22 June 2023 
© The Author(s), under exclusive licence to Springer-Verlag GmbH Germany, part of Springer Nature 2023

Abstract
Purpose To analyze the impact of axial length (AL) on the visual outcome and rate of perioperative complications in 
phacoemulsification surgery.
Design Retrospective clinical database study.
Methods Cataract surgery data of 217,556 eyes was extracted from the electronic medical records of 8 ophthalmic centers 
in the United Kingdom from July 2003 to March 2015. A total of 88,774 eyes without ocular co-pathologies were grouped 
eyes according to AL (mm): short AL (< 22), average AL (22–26; reference group), and long AL (> 26).
Main outcomes and measures We analyzed visual acuity (VA) outcomes at 4 weeks, 4–12 weeks, and 12–24 weeks 
postoperatively, as well as the incidence of posterior capsular rupture (PCR), torn iris (TI), cystoid macular edema (CME), 
and retinal detachment (RD).
Results Mean pre-operative VA (logMAR) was the worst in eyes with long AL compared to average and short AL eyes 
(VA 0.59 vs. 0.58 and 0.56; p < 0.001). However, post-operative VA at 4–12 weeks was slightly better in the long AL group 
(0.14 in short and average AL; 0.12 in long AL, p < 0.001). We observed an increased odds of TI in the short AL group (OR 
2.09, 95% CI 1.60–2.75). There was increased risk of RD in long AL eyes (p < 0.001). However, PCR and CME rates were 
not different.
Conclusion In the absence of any coexisting ocular pathology, AL alone did not have an impact on VA improvement or the 
risk of encountering PCR or CME. The risk of TI was greater in the short AL group, and the risk of RD was higher in the 
long AL group.
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Introduction

Cataract is the leading cause of blindness in the world, and 
cataract surgery is the most commonly performed surgery 
in the entire medical profession [1]. Axial length (AL) is 
an important parameter in determining the dioptric power 
of the intraocular lens (IOL) implant and may potentially 
influence several aspects of cataract surgery. There is limited 
literature on the effect of AL on cataract surgery outcomes [2, 
6]. Previous studies have shown that cataract surgery on eyes 
with short or long AL may be associated with an increased 
risk of perioperative complications [2, 7]. Eyes with short AL 
may have shallow anterior chamber with limited space for 
maneuvering instruments [8], while eyes with long AL can 
pose a challenge due to altered anterior chamber stability and 
fluidics, greater incidence of lens/iris diaphragm retropulsion, 
and hypermobility of the posterior capsule [9, 11].Few 
studies have shown a worse postoperative visual acuity (VA) 
in extreme AL eyes[12, 13], with one study finding that only 
20–29% of extreme AL eyes achieved 20/25 postoperative 
VA [4]. In addition, there are conflicting results with regards 
to incidence of posterior capsular rupture (PCR) with some 
studies reporting higher rates of PCR in extreme AL eyes of 
up to 5.7–12.5% [14, 19]. Studies on the outcome of long and 
short AL eyes are generally limited by their smaller sample 
sizes, absence of comparison groups, and more importantly 
inclusion of eyes with other ocular co-pathologies. These 
factors make it difficult to accurately evaluate the impact of 
AL on the outcome of cataract surgery.

Large database studies analyzing the surgical outcomes 
in cataract surgery are important for guiding decision-
making and surgical management to improve patient 
care. In this study, we utilized a large multicenter dataset 
from the United Kingdom (UK) National Health Service 
to evaluate the impact of AL on visual outcomes and 

Key messages

What is known

Studies evaluating the correlation between preoperative axial length and the outcomes of cataract surgery are 
generally limited by their smaller sample sizes, absence of comparison groups, and more importantly inclusion of 
eyes with other ocular co-pathologies.

What the paper adds

Increased odds of torn iris in the eyes with short axial length

Increased risk of retinal detachment in eyes with long axial length

Axial length alone did not have an impact on visual acuity improvement or the risk of encountering posterior 
capsular rupture or cystoid macular edema.

incidence of intraoperative complications, cystoid macular 
edema (CME), and retinal detachment (RD) in eyes 
undergoing phacoemulsification.

Methods

Data extraction

We pooled phacoemulsification data sets from ophthal-
mology departments at 8 different UK National Health 
Service sites to a centralized database for analysis. All 
centers used the same electronic medical record (EMR) 
system (Medisoft Ophthalmology; Medisoft Limited). 
A previous study by Chu et al. utilizing the same data 
set described the standard of care at these various sites 
[20]. A period of about 12 years (July 2003 to March 
2015) was selected and postoperative care included at 
least one visit 4–6 weeks following surgery conducted 
by a specialty nurse, optometrist, or ophthalmologist.

Extracted data fields included: age, gender, AL, 
pre- and postoperative VA, presence of postoperative 
CME, intraoperative complications including PCR, 
PCR with vitreous loss, torn iris (TI), and RD. Fields 
extracted from the operative record for cataract surgery 
included: pupil size, grade of operating surgeon, and 
type of surgery performed. Recording of intraoperative 
complications was a compulsory field. Surgeons were 
mandated to record intraoperative complications in the 
EMR by selecting from a prespecified list of cataract 
surgery complications prior to finalizing the operative 
record or select “other” and record the complication 
using free text. If no complication occurred, the surgeon 
then selects “none”.
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This study was conducted in accordance with the 
Declaration of Helsinki. Approval for data extraction 
was provided by the lead clinician at each center and 
the Caldicott Guardian, who oversees the data protection 
[20]. The extracted patient information was de-identified 
and therefore was not classified as human-subject 
research, and informed consent from patients was not 
required.

Exclusion criteria and data categorization

We identified an initial database of a total of 217,556 
eyes that underwent phacoemulsification with some 
undergoing combined surgery between July 2003 to 
March 2015. We further grouped these eyes based on 
their AL. The short AL group (< 22  mm) included 
23,095 eyes, the average AL group (22–26 mm) included 
184,054 eyes, and the long AL group (> 26 mm) included 
10,427 eyes. Figure 1 details the distribution of eyes and 
filtering criteria. Of this cohort, we then excluded eyes 
that underwent combined surgery or multiples surgeries 
by selecting only eyes that had phacoemulsification 
with or without IOL implantation and with or without 
anterior vitrectomy. Combined surgeries include any 
additional surgical procedures done in conjunction 
with phacoemulsification during the same operative 
session. We excluded eyes of patients younger than 

18 years of age and of patients with unknown diabetic 
status (26,574 eyes). In addition, we excluded eyes with 
any other prior ocular co-pathologies (i.e., age-related 
macular degeneration, glaucoma, diabetic retinopathy, 
etc). High myopia was not considered a co-pathology 
since our study examines outcomes in relation to AL. For 
this analysis, we excluded all second-operated eyes in 
patients undergoing bilateral cataract surgery to remove 
possible intrasample correlation between both eyes of 
the same patient.

Follow‑up and study outcomes

The main outcome variables for this study were post-
operative VA, and incidence of TI, PCR (with or with-
out vitreous loss), postoperative CME, and RD. All 
VA values were automatically converted at the time of 
data extraction to the logarithm of the minimum angle 
of resolution (logMAR). We designated VA as the best 
value of unaided or best-corrected distance VA avail-
able at each visit. We defined preoperative VA as the 
recorded VA at the closest visit to the surgery date, no 
more than 3 months prior. The visual gain was defined 
as a postoperative visual improvement of ≥ 0.3 log-
MAR units (~ 3 Snellen lines). We defined postopera-
tive CME as the recorded occurrence of CME within 
90 days of cataract surgery. The study centers over the 
study period performed imaging studies, including 

Fig. 1  Flowchart of study design and data categorization into short, average, and long axial length (AL) groups. CME: cystoid macular edema
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optical coherence tomography (OCT) or f luorescein 
angiography (FA) at the clinicians’ discretion, typically 
in patients with unexpected VA outcomes following 
cataract surgery. Therefore, CME in our study reflects 
visually significant CME rather than subclinical disease. 
To eliminate the confounding effects of diabetic macular 
edema, any eyes with diabetic retinopathy were already 
excluded under the exclusion of eyes with other ocular 
co-pathologies. We divided the follow-up time into 3 
time periods: 0–4 weeks, 4–12 weeks, and 12–24 weeks 
postoperatively.

Statistical analysis

We compared demographic, clinical characteristics, and 
intraoperative/postoperative complications of patients at 
varying AL categories with χ2 tests for categorical vari-
ables and ANOVA for continuous variables. We followed 

up significant endpoints from χ2 with simple and mul-
tivariate logistic regression models. We then assessed 
potential confounders in these models based on prior 
knowledge and included age, gender, surgeon grade, dia-
betic status, preoperative VA, and pupil size. We gener-
ated odds ratios (ORs) from final analyses for significant 
endpoints using logistic regression models. Each model 
used eyes with average AL as the reference group. We 
chose the AL categorizations in this study based on exist-
ing literature. However, as the cut-off AL values have 
slightly varied in prior studies and may be argued, we 
also conducted a sensitivity analysis of complications 
rate with AL as a continuous variable, using receiver 
operating characteristic (ROC) curves. We performed the 
primary analyses using Stata Release 14.2 (StataCorp 
LP) and GraphPad Prism version 8 (La Jolla, CA, USA, 
www. graph padpr ism. com). We considered tests with 
2-sided P values < 0.05 as statistically significant.

Table 1  Demographics and intraoperative characteristics of eyes in short, average, and long axial length groups

Bold means statistically significant (p < 0.05)
PCR: posterior capsule rupture, SD; standard deviation, AL; axial length

Short AL (<22 mm) Average AL (22-26 mm) Long AL (>26 mm) P-Value
Total, No. (%) 9,412 (10.6) 74,165 (83.5) 5,197 (5.9)

Demographics
  Sex, No. (%)
    Women 5,700 (60.6) 44,339 (59.8) 3,047 (58.6)
    Men 3,712 (39.4) 29,826 (40.2) 2,150 (41.4) 0.073
  Age, mean (SD) 75.8 (9.4) 74.7 (10.2) 70.3 (12.1) <0.001

Surgeon Grade, No. (%)
  Attending 5,136 (54.6) 40,795 (56) 2,787 (53.6)
  Non-Attending 4,276 (45.4) 33,370 (44) 2,410 (46.4) 0.126

Diabetes, No. (%)
  Not diabetic 7,835 (83.2) 60,891 (82.1) 4,347 (83.6)
  Diabetic 1,577 (16.8) 13,274 (17.9) 850 (16.4) 0.001

Pupil Size, No. (%)
  Small 205 (2.18) 1,620 (2.18) 105 (2.02)
  Medium 1,059 (11.3) 8,530 (11.5) 590 (11.4)
  Large 8,148 (86.6) 64,015 (86.3) 4,502 (86.6) 0.847

Complications, No. (%)
  PCR ± vitreous loss 142 (1.51) 1,397 (1.88) 73 (1.40) 0.003
  Corneal epithelial abrasion 29 (0.31) 208 (0.28) 9 (0.17) 0.303
  Torn iris 72 (0.76) 280 (0.38) 4 (0.08) <0.001
  Corneal edema 8 (0.08) 67 (0.09) 2 (0.04) 0.470
  Choroidal hemorrhage 8 (0.08) 30 (0.04) 2 (0.04) 0.155
  Hyphema 5 (0.05) 25 (0.03) 0 (0) 0.247
  Cystoid macular edema 106 (1.13) 692 (0.93) 43 (0.83) 0.124
  Retinal detachment 5 (0.05) 124 (0.17) 56 (1.08) <0.001
  Zonular dialysis ± vitreous loss 62 (0.66) 380 (0.51) 25 (0.48) 0.163
  Phaco burn/wound problems 3 (0.03) 40 (0.05) 1 (0.02) 0.398
  Lens fragment into vitreous 17 (0.18) 135 (0.18) 8 (0.15) 0.899

http://www.graphpadprism.com
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Results

Demographics of study eyes

There was a total of 9,412 eyes in the short AL group, 
74,165 eyes in the average AL group, and 5,197 eyes in the 
long AL group. Table 1 summarizes the demographic and 
intraoperative characteristics of the study eyes. Patients 
in the short AL group were older (75.8 years, p < 0.001) 
than patients in the average and long AL groups (74.7 
and 70.3 years, respectively). The proportion of patients 
with diabetes mellitus was greater in the average AL group 
(17.9%, p = 0.001). The number of eyes left aphakic and 
required secondary IOL implantation was 149 (17 in 
short AL, 108 in average AL, and 24 in long AL eyes). 
The number of attending-level (consultant) surgeons 
performing primary surgeries was 48,718 (54.88%), while 
40,056 (45.12%) were non-attendings (residents, fellows, 
middle-grade surgeons). The number of attending surgeons 
by AL included 5,136 (54.6%) in the short AL, 40,795 

(56%) in the average AL, and 2,787 (53.6%) in the long AL 
group. There was no difference in probability distributions 
of surgeon grade by AL group (p = 0.126).

Visual acuity assessment

Figure  2 and Table  2 summarize the preoperative and 
postoperative LogMAR VA outcomes in the study groups. 
Mean preoperative VA (logMAR) was only slightly worst 
in eyes with long AL compared to average and short AL 
eyes (VA 0.59 vs. 0.58 and 0.56; p < 0.001). However, 
postoperative VA at 4–12 weeks was slightly better in the 
long AL group (0.14 in short and average AL; 0.12 in long 
AL, p < 0.001). We observed similar findings at 12–24 weeks.

In examining visual improvement using a threshold 
of 0.30 logMAR or more (≥ 3 Snellen lines), we found 
that the proportion of eyes in the long AL group (65.6% 
at 12–24 weeks) that achieved this threshold was slightly 
greater than those in the short (61.9%) or average AL 
(62.0%) groups (p = 0.033).

Fig. 2  Preoperative (Pre-Op) 
and postoperative (Post-Op) 
mean visual acuity. LogMAR: 
Logarithm of minimum angle of 
resolution

Table 2  Preoperative and 
postoperative mean visual 
acuity in eyes with varying axial 
lengths

AL, axial length; mm, millimeters; VA, visual acuity
a P values were calculated using ANOVA

Short AL (<22 mm) Average AL (22-26 
mm)

Long AL (>26 mm)

Characteristic Mean (SD) No. Mean (SD) No. Mean (SD) No. P-Value

Preoperative VA 0.56 (0.44) 9,403 0.58 (0.46) 74,109 0.59 (0.49) 5,194 <0.001
Postoperative VA

  Δ VA at 0 to 4 weeks 0.23 (0.31) 3,542 0.22 (0.30) 30,463 0.22 (0.34) 2,028 <0.01
  Δ VA at 4 to 12 weeks 0.14 (0.26) 5,035 0.14 (0.25) 37,703 0.12 (0.26) 2,651 <0.001
  Δ VA at 12 to 24 weeks 0.17 (0.26) 2,242 0.18 (0.28) 17,061 0.14 (0.23) 1,321 <0.05
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Torn iris

We found that the short AL group had a significantly higher 
incidence of TI at 0.76%, compared to 0.38% for average 
AL group and 0.08% for long AL group (p < 0.001). Odds 
ratios from adjusted logistic regression model revealed that 
TI was 2 times more likely to develop in eyes with short 
AL than in eyes with average AL (p < 0.001), while the 
odds ratio of TI for eyes with long AL was 0.21 (p < 0.01) 
(Table 3 and Fig. 3).

Posterior capsular rupture

The proportion of eyes that developed PCR with or without 
vitreous loss was not greater in long (73 eyes,1.40%) or short 
(142 eyes,1.51%) AL groups compared to the average (1,397 
eyes,1.88%) AL group (p = 0.003). Odds ratios from the adjusted 
logistic regression model showed that the odds of the develop-
ment of PCR were 0.76 for the short AL group (p < 0.01) and 
0.71 for the long AL group (p < 0.05) (Table 3). There was no dif-
ference in the rate of zonular dialysis between the 3 study groups.

Table 3  Adjusted odds ratios for the development of complications following cataract surgery in eyes with varying axial lengths

Bold means statistically significant (p < 0.05)
AL, axial length; OR, odds ratio; Vit., vitreous; CI: confidence interval; PCR: posterior capsular rupture
a Logistic regression model adjusted for sex, age, diabetic status, pupil size, surgeon grade, and preoperative visual acuity
b Torn Iris was included as one of the covariates for cystoid macular edema

Short AL (<22 mm) Average AL (22-26 mm) Long AL (>26 mm)

Crude OR  
(95% CI)

Adjusted OR 
(95% CI)a

Crude OR  
(95% CI)

Adjusted 
OR (95% 
CI)a

Crude OR  
(95% CI)

Adjusted OR  
(95% CI)a

Intraoperative Complications
  Torn Iris 2.03

(1.56-2.64)
2.09
(1.60-2.74)

1 [Reference] 0.24
(.091-.657)

0.21
(.078-.576)

  Choroidal hemorrhage 2.10
(.963-4.59)

2.17
(.965-4.89)

1 [Reference] 0.951
(.227-4.59)

1.02
(.239- 4.32)

  Zonule dialysis +/- vit. 
loss

1.29
(.984-1.69)

1.26
(.960- 1.66)

1 [Reference] 0.94
(.626- 1.41)

1.08
(.709- 1.63)

  PCR +/- vit. loss .079
(.670-.949)

0.76
(.631-.925)

1 [Reference] 0.74
(.585-.941)

0.71
(.547-.932)

Postoperative Complications
  Retinal detachment 0.31

(.129-.776)
0.32
(.130- .783)

1 [Reference] 6.50
(4.74-8.93)

6.27
(4.54- 8.66)

  Cystoid macular  edemab 1.21
(.985-1.49)

1.19
(.967- 1.46)

1 [Reference] 0.89
(.650-1.21)

0.99
(.731- 1.36)

Fig. 3  Logistic regression 
analysis and odds ratios for 
perioperative complications
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Cystoid macular edema

Cystoid macular edema developed in 106 (1.13%) eyes 
in the short AL group, in 692 (0.93%) eyes in the aver-
age AL group, and in 43 (0.83%) eyes in long AL group 
(p = 0.124) (Table 3). To control for unmatched differences 
in preoperative characteristics, we conducted a logistic 
regression analysis to determine the OR of CME according 
to AL. The model was adjusted for age, gender, surgeon 
grade, diabetic status, preoperative VA, pupil size, and 
TI. We used TI as a covariate in this analysis because we 
hypothesized that iris manipulations may influence CME 
development. We found no difference in the adjusted OR 
for development of CME in different AL groups (OR: 1.19 
times greater than average in short AL group, p = 0.097) 
(Table 3).

Retinal detachment and choroidal hemorrhage

We found that there was a significantly greater proportion 
of eyes developing RD in the long AL group (1.08%) com-
pared to the short AL (0.05%) and average AL (0.17%), 
(p < 0.001). On logistic regression analysis, this corre-
sponded to 6.27 higher odds of RD as compared to aver-
age AL group (Confidence interval: 4.54–8.66) (Table 3 
and Fig. 3). Choroidal hemorrhage was slightly higher in 
eyes with short AL (0.08%) but the differences were not 
significant from average and short eyes (0.04% each).

Sensitivity analysis for complications

Figure 4 depicts the predictive performance of AL as a 
continuous variable for development of CME, TI, zonular 
dialysis, PCR, choroidal hemorrhage, and RD following 

phacoemulsification. Using area under the curve (AUC) 
analysis, AL was most accurate for predicting RD (AUC 
0.78), choroidal hemorrhage (AUC 0.62), and TI (AUC 
0.61) but not for zonular dialysis, PCR, and CME. Over-
all, these results were in line with our logistic regression 
analyses of complications using AL as a non-categorized 
criterion.

Discussion

In this multicenter database study, we evaluated the relation-
ship of the AL and the visual outcome and the incidence of 
intra- and post-operative complications in eyes undergoing 
phacoemulsification. To be able to precisely determine the 
impact of AL, we eliminated the impact of other ocular co-
pathologies on the selected outcome measures. We found 
that long eyes achieved slightly better VA outcomes than 
short and average AL eyes, but the difference in VA between 
any of the three AL groups at any time point was ≤ 0.04 log-
MAR which is equivalent to ≤ 2 Snellen letters and therefore 
clinically insignificant. Our analysis showed that there were 
2 times greater odds of TI in the short AL group and 6 times 
greater odds of RD in the long AL group as compared to the 
average AL eyes. In addition, the proportion of eyes that 
experienced a PCR or CME were not greater in the short or 
long AL group compared to the average AL group.

We found that the final postoperative VA in the long AL 
group was not inferior to average and shorter AL groups at 
postoperative time periods: at 4–12 weeks, VA was 0.14 
logMAR in the short AL group, 0.14 logMAR in the average 
AL group, and 0.12 logMAR in the long AL group. The pro-
portion of eyes that achieved visual improvement threshold 
(> 0.3 logMAR) after surgery at 12–24 weeks was slightly 

Fig. 4  Receiver operating 
curve (ROC) for perioperative 
complications using axial length 
as a continuous variable. PC: 
posterior capsule; CME: cystoid 
macular edema



3518 Graefe's Archive for Clinical and Experimental Ophthalmology (2023) 261:3511–3520

1 3

greater in the long AL group, which may be due to that the 
long AL group started off with worse preoperative VA. It is 
of note that our results contradict those from other studies 
that found that non-average AL eyes have slightly worse 
postoperative VA [4, 12]. Mohammadi et al. conducted a 
retrospective review of 353 patients (405 eyes) that under-
went cataract surgery, found that the mean postoperative 
VA was lower in long (AL > 24.5 mm; 0.59 LogMAR) and 
short (AL < 22 mm, 0.34 LogMAR) eyes compared to aver-
age AL (AL 22–24.5, 0.17 LogMAR) and that the former 
groups have a 3.24 greater odds of poorer visual outcomes 
than average AL eyes [4]. The authors suggested that high 
AL may correlate with degenerative myopia and short AL 
eyes have higher frequency of amblyopia. Another retro-
spective review of 171 consecutive cataract surgery cases 
found better outcomes in average AL (22–25 mm) eyes than 
in short AL (< 22 mm) eyes [12]. However, those studies 
excluded cases with intra- and post-operative complications 
and data regarding associated co-pathologies is unknown. 
By contrast, in our study, we excluded amblyopic eyes and 
other ocular co-pathologies which allowed us to precisely 
determine the impact of AL on VA.

The typically reported incidence of CME after 
uncomplicated cataract surgery in contemporary studies is 
cited as 1–2% [21, 22]. In our cohort, the overall incidence 
of postoperative CME was comparable at 0.95%. We found 
no differences in the CME rate between the average, and 
short and long AL groups. Other studies also found no 
difference in the rate of CME with AL changes. One such 
study examined 1,659 patients and did not find a significant 
difference in AL between eyes that did or did not develop 
CME [23]. Their analysis grouped patients according to 
CME development and compared AL averages among the 
groups; conversely, our study grouped patients according to 
AL and analyzed CME rates among the groups.

We also found a significantly increased odds of TI in 
the short AL group and a decreased odds in the long AL 
when compared to the average AL group. We hypothesize 
that this may be because short AL eyes may have a shallow 
anterior chamber which increases the risk of iris prolapse 
and damage during surgery. To our knowledge, the increased 
likelihood of TI in shorter AL eyes has not previously been 
reported in the literature. However, our interpretation is 
limited because the preoperative anterior chamber depth 
measurements were not available in the current data extract 
and a large proportion of eyes with short AL may have a 
normal anterior chamber depth [8].

Examining studies of PCR rates according to AL has 
shown differing results. Most studies report higher rates of 
PCR in eyes with long AL [14, 18]. Fesharaki et al. reported 
PCR rate of 5.7% in eyes with AL of  > 26 mm [14]. A recent 
study by Yao et al. reported the incidence of PCR in high 
myopia to range from 1.8% to 15.6% compared to 1.8–1.92% 

in the general population [2]. In short eyes, studies have 
reported PCR rates of 11.7% in AL < 20.5 mm; however, 
the study included only 17 nanophthalmic eyes [24]. On the 
other hand, Day et al. evaluated 103 microphthalmic and 
nanophthalmic eyes with mean AL of 20.5 mm and reported 
no cases of PCR [7]. In a database study of 180,114 eyes 
with co-pathologies, PCR rates (mean 1.95%) showed mini-
mal change with AL measured as a continuous variable [3]. 
Similarly, in our study, we did not find an increased risk 
of PCR in the extreme AL groups as compared to average 
AL, and we found lower rates of PCR overall. Compared to 
the study by Day et al., we maintained cut-off AL < 22 mm 
for our short AL group and excluded patients with ocular 
co-pathologies [3]. These exclusions may account for our 
slightly lower PCR rates of 1.82%. Long AL has long been 
established in the literature as a risk factor for RD after 
cataract surgery [25, 29]. A large retrospective series out of 
Taiwan found an adjusted risk ratio of 4.19 in patients with 
AL > 26 mm compared to AL of  < 23 mm [30]. In another 
study from France examining over 2.5 million eyes, the 
4-year probability of RD after cataract surgery was 9.21% 
with high myopia (collected using ICD 10 codes), and the 
hazard ratio was 6.12 [31]. Our study had similar findings to 
these previous studies with 6.27 times greater odds of RD in 
patients with AL > 26 mm.

Our study must be interpreted with the following limita-
tions in mind. First, AL categorizations were chosen based 
on existing literature, however, the cut-off AL values have 
slightly varied in prior studies and may be argued; to account 
for this, we conducted a non-categorized analysis with AL 
as a continuous variable, but the results were not different. 
Secondly, in the short AL group, we did not differentiate 
between microphthalmos and nanophthalmos and did not 
analyze the anterior chamber depth which may have influ-
enced the rate of complications. Third are the limitations 
inherent to a non-randomized retrospective study includ-
ing the presence of unaccounted differences in preoperative 
characteristics between the three AL groups influencing the 
results of the outcomes measured. To lessen this bias, we 
included strict filtering criteria in our analysis including both 
crude and adjusted statistics and logistic regression analyses 
to account for potential confounding factors. Additionally, 
as with other database studies, not all patients had follow-
up data for all postoperative time points leading to some 
missing information in the dataset. Some cases of CME and 
RD may not have been captured in our study as patients 
were followed up to 24 weeks. Future studies with longer 
follow-up periods may provide additional insights into the 
long-term risk of these complications. Furthermore, there 
is limited knowledge of the uniformity of variables evalu-
ated, for example, the methods of CME detection may have 
varied. While this may be a source of bias, we expect this 
to be non-differential, across the three AL groups, and not 
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to change the significance of our findings. Data on the type 
of anesthesia used was not available in the original dataset, 
thus we could not explore the impact of anesthesia type on 
outcomes. Finally, data on potentially important postopera-
tive complications, such as pseudophakic bullous keratopa-
thy and ocular hypertension, were also not included in our 
analysis due to the lack of available data in the dataset.

The study has several strengths. To our knowledge, this 
is the largest scale study to use AL to stratify pre-, intra-, 
and post-operative outcomes undergoing cataract surgery. 
While a prospective randomized controlled study represents 
the gold-standard level of evidence, conducting such a 
study design to assess the impact of AL on cataract surgery 
outcomes on a large scale and with the exclusion of ocular 
co-morbidities is not feasible. A distinct strength of this study 
is its pragmatic nature with the automatic extraction of highly 
structured data collected from multiple centers. This makes 
the results more accurate than those from surgical registry 
studies, where surgeons manually enter the details of their 
cases. The large sample size allowed precise analysis of the 
impact of AL on VA and perioperative complications by 
eliminating the influence of ocular co-pathologies, which 
previous studies were not able to do. In addition, we did 
not include the second operated eye in our analysis, thereby 
minimizing the influence of intrasample correlation. A 
further strength of the study is the completeness and accuracy 
of intraoperative complications recording. Recording of 
intraoperative complications in the EMR was a mandatory 
field and thus physicians could not forget or omit to record 
a complication unless they make a false declaration. Given 
that AL is a universally obtained value prior to cataract 
surgery, knowing its associations with certain perioperative 
complications, and expected VA outcomes is valuable. Our 
study may help surgeons tailor discussions of expected visual 
outcomes and perioperative cataract surgery complications 
with patients according to their AL ranges.

In conclusion, in the absence of coexisting ocular 
pathologies, longer or shorter AL in and of itself did not 
negatively impact VA improvement or increased the risk 
for developing PCR or CME. We also found that shorter AL 
was associated with increased incidence of TI and decreased 
incidence of RD, while longer AL was associated with 
increased incidence of RD.

Supplementary information The online version contains supplementary 
material available at https:// doi. org/ 10. 1007/ s00417- 023- 06120-2.
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