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Is pulse synchronized pneumotonometry 
more reproducible than routine pneumotonometry
and more in agreement with Goldmann 
applanation tonometry?

A.-S. LAFAUT, L. VAN MALDEREN, T. ZEYEN

Department of Ophthalmology, University Hospitals Leuven, Leuven - Belgium

INTRODUCTION

The gold standard for measuring intraocular pressure
(IOP) is the Goldmann applanation tonometer (GAT).
The applanation technique, however, has some dis-
advantages. It requires corneal contact after topical
anesthesia, thereby exposing the patient to the risk
of corneal abrasion and infection, and is investigator

dependent (1). This has led to the development of non-
contact pneumotonometry (PNT). However, substan-
tial variations can occur when measuring IOP with PNT
compared to GAT (1, 2), and may, in part, be caused
by the effect of the cardiac pulse. 
The pulse synchronized system of the Nidek NT-4000
noncontact pneumotonometer has been developed to
reduce the fluctuations in the measurements of PNT.
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PURPOSE. This study compared the variability of intraocular pressure (IOP) measurements
taken with pulse synchronized pneumotonometry (PNT) and with routine PNT (without pulse
synchronization) and evaluated the agreement between PNT and Goldmann applanation
tonometry (GAT). 
METHODS. In this prospective study, 148 eyes from 78 patients were enrolled. Patients were
randomized into two groups. In the first group (A), the sequence of measurements was pulse
synchronized PNT, routine PNT, and GAT. In the second group (B), the sequence of mea-
surements was routine PNT, pulse synchronized PNT, and GAT. The mean of three mea-
surements was averaged for PNT and GAT. All the measurements were performed by the
same investigator, who was masked to GAT measurements. The mean IOP measurements
and intrapatient standard deviations among the three tonometers were compared using
analysis of variance measurement. Bland & Altman plots were used to assess the agree-
ment between PNT and GAT.
RESULTS. The variability of IOP measurements taken with pulse synchronized PNT was sig-
nificantly lower than with routine PNT in both groups (1.2±0.7 vs 1.3±0.7 mmHg in group
A and 1.1±0.9 vs 1.3±1.0 mmHg in group B [p<0.001], respectively). PNT measurements
with and without pulse synchronization were on average ±2 mmHg higher than GAT mea-
surements in both groups (p<0.001). The 95% limits of agreement between PNT and GAT
varied between –3.8 and 8.5 mmHg. 
CONCLUSIONS. Pulse synchronized PNT gives more reproducible measurements than routine
PNT. The agreement between PNT and GAT is poor. (Eur J Ophthalmol 2007; 17: 178-82) 
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IOP can be measured by synchronizing the peak, mid-
dle, or bottom of the pulse (i.e., different modes of
measurement). It has been shown previously that the
peak modus from the pulse synchronized PNT is clos-
est to the GAT (3). 
In this study the reproducibility precision of IOP mea-
surements between pulse synchronized PNT and rou-
tine PNT and the agreement accuracy between pulse
synchronized (peak of the pulse) PNT, routine PNT,
and GAT were assessed. 

MATERIALS AND METHODS

Patient population

This prospective randomised study was performed at
one center and included 78 patients who were due to
attend the general or glaucoma clinic. They were in-
cluded at the discretion of the ophthalmologist after
giving their informed consent. All patients were free
from corneal diseases. The patients were randomly
divided into two groups (A and B) and one eye per
subject was randomly selected for IOP measurements. 

Procedures

IOP was taken using the GAT and the Nidek NT-4000
pneumotonometer with or without the pulse synchronized

system. 
The Nidek NT-4000 has a pulse detection mode in
which the pulse signal obtained from the forehead rest
can be used to synchronize the IOP measurement.
There are three different modes by which an investi-
gator can decide to synchronize the IOP: the peak of
the pulse signal (P), the middle of the pulse signal
(M), or the bottom of the pulse signal (B). The P sig-
nal synchronizes to the contraction of the heart (sys-
tole), the B signal synchronizes to the expansion of
the heart (diastole) (Fig. 1). In this study we used the
P signal. 
For GAT, one drop of Unicaine 0.4% and fluorescein
was used to prepare the cornea for measurement. The
mean of two measurements was used for analysis. 
The sequence of the measurements in group A was
pulse synchronized PNT, routine PNT, then GAT. The
sequence of the measurements in group B was rou-
tine PNT, pulse synchronized PNT, then GAT. Once a
pulse wave was detected with the pneumotonome-
ter, three consecutive readings were taken. The sub-
ject was then required to sit back and move again to-
ward the instrument for taking another three readings
with the routine PNT (i.e., without sensor). The auto-
matic puff control (APC) was used with both PNTs to
give the closest agreement with the GAT (2). The GAT
was always used last because of the instillation of lo-
cal anesthetic agents. The mean of the three mea-
surements was used for analysis. For each set of IOPs

Fig. 1 - Working of the pulse
detection mode from the Nidek
NT-4000. 

TABLE I - MEAN INTRAOCULAR PRESSURE MEASUREMENTS (mmHg) OBTAINED WITH THE THREE TONOME-
TERS

Group PNT+ PNT– GAT p

A (PNT+ → PNT– → GAT) 19.7±5.2 19.0±4.8 17.1±3.6 <0.0001
B (PNT– → PNT+ → GAT) 19.0±5.6 18.7±5.3 17.0±5.1 <0.0001

PNT+ = Pulse synchronized pneumotonometer; PNT– = Routine pneumotonometer; GAT = Goldmann applanation tonometer
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the standard deviation (SD) was calculated and com-
pared. The agreement between the PNT and the GAT
was calculated using the Bland & Altman graphs. The
GAT was considered as the gold standard. 
All measurements were performed by the same in-
vestigator, who was masked to GAT measurements. 

Statistical analysis

A repeated measures analysis of variance was used
to compare the mean of the IOP measurements and
the mean intrapatient SD values among the three tonome-
ters. p Values of the pairwise comparisons were two-

sided and the alpha level was set at 5%. A square
root transformation was used for the SD values to
meet the normality assumptions of the statistical mod-
el. Plots of the differences against their means and
the 95% limits of agreement (Bland & Altman graphs)
were made to assess the agreements between the PNT
and GAT. 

RESULTS

Seventy-eight patients (148 eyes) participated in the
study. The mean age was 53.5 years (range 24 to 83

Fig. 2 - Bland & Altman graphs of the differences in intraocular pressure between the pulse synchronized pneumotonometer and the Goldmann
applanation tonometer as a function of their means. (Group A= A and B; Group B = C and D).
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years). The mean IOP measurements with the three
tonometers are shown in Table I. There was no dif-
ference between the overall results obtained in
groups A and B (p=0.12). In both groups, pulse syn-
chronized PNT was slightly higher than routine PNT.
The measurements taken with PNT (with and without
pulse synchronization) were ±2 mm Hg higher than
GAT. The mean intrapatient SD values obtained with
the three tonometers are shown in Table II. There was
no difference between the overall results obtained in
groups A and B (p=0.16). However, the variability of
measurements taken with pulse synchronized PNT was
significantly lower than with routine PNT. GAT mea-
surements had the lowest variability.
Figure 2 shows the Bland & Altman graphs of the dif-
ferences in IOP between PNT and GAT as a function
of their means. The 95% limits of agreement vary be-
tween –3.2 to +8.5 mmHg and –3.3 to +7.2 mmHg for
pulse synchronized PNT and GAT in groups A and B,
respectively. The 95% limits of agreement vary be-
tween –3.1 to +6.9 and –3.8 to +7.1 mmHg for rou-
tine PNT and GAT in groups A and B, respectively. 

DISCUSSION

Routine noncontact PNT records the IOP with varia-
tion in the cardiac pulse. The purpose of pulse syn-
chronized PNT is to reduce the variability to provide
more precise measurements. In this study the peak
modus of pulse synchronized PNT was used, so that
IOP was always measured at the time of systole. The
reason the peak modus of pulse synchronized PNT
was chosen was because it has been shown to be
closest to the GAT (3). 
No statistical difference was noted between measur-
ing first with or without the pulse synchronized sen-
sor. The mean IOP was slightly higher with pulse syn-
chronized PNT than with routine PNT. This difference
(<1 mmHg), however, was not clinically significant.
Both pneumotonometers gave mean IOPs that were

approximately 2 mm Hg higher than that measured
with the GAT. The variability of pulse synchronized
PNT was significantly lower than the variability of rou-
tine PNT. However, the lowest variability from con-
secutive readings was obtained with the GAT. This
was in accordance with Lam et al (3). They found mean
intrapatient SD of 0.6, 0.7, and 0.8 mmHg, respec-
tively, with GAT, pulse synchronized PNT, and routine
PNT. Our mean intrapatient SD with GAT was even
lower. This may have been because the GAT measurements
were not masked in our study (by concealing the tonome-
ter drum). The mean IOP measured with PNT was high-
er than the mean IOP measured with GAT in both stud-
ies. The mean difference between PNT and GAT in the
study of Lam et al was lower than in our study prob-
ably because their mean IOP was also lower. This is
in accordance with what was observed by Rao et al
(4) and Van de Velde et al (1), who showed that IOP
measurements are higher with PNT than with GAT when
the IOP is >21 mmHg. On the other hand, the differ-
ence between PNT and GAT measurements can be
reduced artificially by adjusting the calibration of the
pneumotonometer to the values obtained with a par-
ticular GAT (1). Our results were also in accordance
with those of Yaoeda et al (5), who also found a low-
er variability with pulse synchronized PNT than with
routine PNT.
It has been reported that repeated contact tonome-
try can reduce the IOP by a mean of <0.5 mmHg (6,
7). Whether noncontact PNT, without corneal touch
and with short air-puff duration, could have a similar
massaging effect is unknown. In our study GAT mea-
surements were always performed last, and the mean
GAT IOP was lower than the mean PNT IOP. On the
other hand, the average difference between PNT and
GAT in our study was 2 mmHg, which is much more
than the 0.5 mmHg reported. It seems unlikely that
repeated noncontact PNT can have a massaging ef-
fect on the eye resulting in lower GAT measurements. 
One shortcoming of our study is that we did not mea-
sure the corneal thickness. It has been proven that

TABLE II - MEAN INTRAPATIENT STANDARD DEVIATIONS OBTAINED WITH THE THREE TONOMETERS 

PNT+ PNT– GAT p

A (PNT+ → PNT– → GAT) 1.2±0.7 1.3±0.7 0.1±0.2 <0.0001
B (PNT– → PNT+ → GAT) 1.1±0.9 1.3±1.0 0.1±0.3 <0.0001

Values are mmHg. PNT+ = Pulse synchronized pneumotonometer; PNT– = Routine pneumotonometer; GAT = Goldmann applanation tonometer
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corneal thickness has an influence on IOP measure-
ments taken by PNT (8-10). Bhan et al (8) demon-
strated that PNT was more affected by variation in the
central corneal thickness than GAT. In the case of PNT,
it is the resistance offered to the gas that is measured
as the IOP. This resistance is determined by the IOP
and the corneal elastic forces, including the central
corneal thickness. IOP with noncontact PNT is also
measured over a wider area than with GAT (9).
A potential bias in our study is that the measurements
with GAT were not masked, e.g., by concealing the
tonometer drum. On the other hand, this did not in-
fluence the variability of the measurements with PNT,
the main outcome of our study.
One potential advantage of pulse synchronized PNT
is that it could be an indirect measurement of ocular
blood flow in patients without arrhythmia. The ocular
pulse amplitude represents the pulsatile component
of the intraocular blood flow and could therefore be
used to measure the ocular perfusion (3, 11). This was
not explored here, since it was not the scope of our
study. 

It is usually accepted that an agreement within 3 mmHg
from GAT is clinically acceptable (4, 12, 13). The Bland
& Altman graphs (Fig. 2) showed disagreement be-
tween PNT and GAT measurements, with a 95% con-
fidence interval varying between –3.8 and +8.5
mmHg. This confirms that, although PNT can be help-
ful for screening purposes, it cannot replace GAT for
the follow-up of patients with glaucoma (9).
In conclusion, we found that the pulse synchronized
pneumotonometer gave more reproducible measure-
ments than the routine pneumotonometer (without pulse
synchronization). However, there was disagreement
between PNT and GAT measurements. 

Proprietary interest: None.

Reprint requests to: 
Prof. Dr. Thierry Zeyen
Kapucijnenvoer 33
3000 Leuven, Belgium
thierry.zeyen@uz.kuleuven.ac.be

REFERENCES

1. Van de Velde T, Zeyen T. Reliability of the Nidek NT-
1000 non contact tonometer. Bull Soc Belge Ophtal-
mol 1995; 255: 19-22.

2. Cho P, Lui T. Comparison of the performance of the
Nidek NT–2000 noncontact tonometer with the Keeler
Pulsair 2000 and the Goldmann applanation tonome-
ter. Optom Vis Sci 1997; 74: 51-8.

3. Lam AK, Chan R, Lam CH. The validity of a new non-
contact tonometer and its comparison with the Gold-
mann tonometer. Optom Vis Sci 2004; 81: 601-5.

4. Rao VJ, Gnanaraj L, Mitchell KW, Figueiredo FC. Clin-
ical comparison of ocular blood flow tonometer, Tono-
Pen, and Goldmann applanation tonometer for mea-
suring intraocular pressure in postkeratoplasty eyes.
Cornea 2001; 20: 834-8.

5. Yaoeda K, Shirakashi M, Fukushima A, et al. Measure-
ment of intraocular pressure using the NT-4000: a new
non-contact tonometer equipped with pulse synchronous
measurement function. J Glaucoma 2005; 14: 201-5.

6. Moses RA. Repeated applanation tonometry. Ophthal-
mologica 1961; 142: 663-8. 

7. Whitacre MM, Stein R. Sources of error with use of Gold-
mann-type tonometers. Surv Ophthalmol 1993; 38: 1-30.

8. Bhan A, Browning AC, Shah S, Hamilton R, Dave D,
Dua HS. Effect of corneal thickness on intraocular pres-
sure measurements with the pneumotonometer, Gold-
mann applanation tonometer, and Tono-Pen. Invest Oph-
thalmol Vis Sci 2002; 43: 1389-92.

9. Matsumoto T, Makino H, Uozato H, Saishin M, Miyamo-
to S. The influence of corneal thickness and curvature
on the difference between intraocular pressure mea-
surements obtained with a noncontact tonometer and
those with a Goldmann applanation tonometer. Jpn J
Ophthalmol 2000; 44: 691. 

10. Zadok D, Raifkup F, Landao D, Frucht-Pery J. Intraoc-
ular pressure after LASIK for hyperopia. Ophthalmolo-
gy 2002; 109: 1659-61.

11. Silver DM, Farrell RA. Validity of pulsatile ocular blood
flow measurements. Surv Ophthalmol 1994; 38 (Sup-
pl): S72-80.

12. Mackie SW, Jay JL, Ackerley R, Walsh G. Clinical com-
parison of the Keeler Pulsair 2000, American Optical
MkII and Goldmann applanation tonometers. Ophthal
Physiol Opt 1996; 16: 171-7.

13. Yang YC, Illango B, Cook A, Batterbury M. Intraocular
pressure and pulse rate measurements by the OBF tono-
graph - comparison to reference instruments. Ophthal
Physiol Opt 2000; 20: 401-7.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


