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Determination of ventilatory minute volumes for
normocapnic ventilation under anaesthesia in healthy adults

G. D. PURl, H. SINGH, S. KAUSHIK, S. K. JINDAL

ABSTRACT
Bilckground. Mechanical ventilation under anaesthesia needs

to be controlled to maintain normal oxygen and carbon dioxide
tensions in the blood and to economize on fresh gas flows. Various
ventilation nomograms such as Radford's nomogram and Nunn's
CO2 predictor are based on data from studies, some of which do
not mimic the conditions which prevail under anaesthesia. We,
therefore, planned a study to formulate nomograms for normo-
capnic ventilation for anaesthetized adult subjects.

Methods. Two hundred and fifty-three patients with normal
pulmonary function tests, scheduled for elective non-thoracic
surgery were studied. Subjects were ventilated with a Siemens
Servo 900 Bventilator using CO2 analyser 930 (Siemens-Elema
Sweden) to adjust the minute volume sufficient to maintain end-
tidal carbon dioxide fraction (FE'C02) at around 5.5 normocapnia
(PaC02 5.06-5.6 kPa). This was confirmed with arterial blood
gas analysis. .

Results. The mean (SD) ventilation required for male patients
was 6.123 (0.91) L [105 (13.1) ml/kg]. This was significantly
higher than the requirement for female patients [5.262 (0.82)
L; 98.7 (13.3) ml/kg]. The minute volume requirements
showed a significant correlation with weight (W), height (H),
body surface area, body mass index and other combinations of
weight and height such as WxH, W/H, W2, W3 and H/WI/3.
Nomograms were constructed for different weights and heights
of males and females using multiple regression analysis. These
minute volumes were found to be significantly higher than those
calculated according to Radford's nomogram as well as Nunn's
CO2 predictor and significantly lower than the Adelaide ventila-
tion guide.

Conclusion. The differences obtained in our nomograms are
probably because the earlier ones were based on minute carbon
dioxide production and physiological dead space data obtained
from widely differing studies, some of which did not resemble
conditions prevailing under anaesthesia. None of these used strict
inclusion criteria such as pulmonary function tests. These may also
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be due to a difference in body structure between the subjects
studied.

Therefore, minute volume requirements calculated based on
available western nomograms should not be applied to Indian
subjects for normocapnic ventilation under anaesthesia.
Natl Med J India 1999; 12:6- 11

INTRODUCTION
Artificial ventilation is an important part of modern anaesthetic
techniques and its aim is not only to maintain the oxygenation of
blood but also to remove carbon dioxide (C02) from the body. If
CO2 production is considered as constant, the PaC02 depends
upon the amount of ventilatory volume. I

Normocapnic ventilation is necessary to avoid the harmful
effects of hypo- or hyperventilation.' Hypercapnia associated
with hypoventilation can result in myocardial depression, in-
creased pulmonary vascular resistance, decreased renal blood
flow, increased intracranial tension in susceptible patients, in-
creased serum potassium concentrations, increased incidence of
arrhythmias and prolonged curarization following anaesthesia.

Greater minute volumes used during intermittent positive
pressure ventilation (IPPV) result in a CO2 wash-out associated
with a diminished cardiac output, decreased cerebral blood flow,
increased pulmonary shunting and a shift of the oxygen dissocia-
tion curve to the left. It also causes depletion of CO2 stores which
may lead to postoperative hypoventilation causing hypoxaemia.
In addition to avoiding the harmful effects of hyperventilation the
provision of optimum ventilation also economizes fresh gas flow
requirements.

The maintenance of correct arterial blood gas levels by sam-
pling and analysis is not possible in developing countries as such
facilities are not available to every anaesthetist. Though various
alternatives to arterial blood sampling have been suggested- even
the simplest apparatus required for these is lacking in most
hospitals in developing countries. End-tidal CO2 monitoring can
be used to guide ventilation, but it is expensive (ten times the cost
of a simple volume meter or other spirometer), may require
frequent calibration, is susceptible to interference from other
gases and has limitations in certain disease conditions.'

Most of the nomograms or guidelines>" proposed to control
ventilatory levels for homeostasis and normocapnia have been
derived by combining the alveolar ventilation (VA) and dead
space (VD) requirements estimated in different studies,5,6.13-15
some of which do not mimic conditions under anaesthesia. Some
of these nomograms when tested under anaesthesia were found to
be inadequate and correction factors have been suggested'v-" to
compensate for the differences:
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Therefore, we evaluated the minuteventilation requirements
for normocapnic ventilation under anaesthesia and constructed a
nomogram from the data.

PATIENTS AND METHODS
The study was carried out on 253 healthy ASA (American Society
of Anaesthetists) Grade 1patients of either sex, 15-65 years of age
who were admitted for elective non-thoracic surgery under gen-
eral anaesthesia. Ethical clearance was obtained from the consti-
tutional committee of the Postgraduate Institute of Medical Edu-
cation and Research, Chandigarh.

A detailed history, clinical examination and routine investiga-
tions (urine examination, haemogram, blood biochemistry, chest
X-ray and electrocardiogram) were performed to exclude any
disease which could affect CO2 production or elimination by a
VIQ mismatch. Pulmonary functions of conscious patients were
tested with a dry rolling bed spirometer (Spiroflow, Morgan PK
Ltd., Kent, UK), one to two days prior to surgery and only patients
with normal spirometry were included.

Patients were premedicated with 0.15 mg/kg of morphine and
0.5 mg/kg of promethazine injected intramuscularly an hour

.before the planned induction of anaesthesia with a sleep dose of
pentothal sodium (4-6 mg/kg) and 0.1 mg/kg of morphine. They
were intubated with 1.5mglkg of suxamethonium and ventilated
with the Servo ventilator 900B (Siemens-Elema AB, Solna,
Sweden) using 02:NP in 30:70ratio. The carbon dioxide analyser
930 along with the Lung Mechanics Calculator 94016,17(both from
Siemens-Elema AB, Solna, Sweden) were also used for monitor-
ing. In addition to monitoring end-tidal carbon dioxide concentra-
tion (FE,C02),the carbon dioxide analyser 930 calculates minute
carbon dioxide production (VC02)by integrating flow signals with
expired CO2signals. The lung mechanics calculator estimates the
respiratory system compliance (C), dividing the tidal volume
with the end-inspiratory pause pressure (PsJ Neuromuscular
blockade was maintained with pancuronium bromide 0.1 mg/kg
administered intravenously. A radial artery cannula was inserted
to allow withdrawal of arterial blood samples. A square wave flow
pattern of ventilation was used with 25% inspiratory time and
10% inspiratory pause at a respiratory rate (f) of around 15breaths
per minute (bpm) and the minute ventilation (V) was controlled to
produce an FE,C02 of around 5.5%. At least 10 minutes were
allowed at a given V for the FE,C02to get stabilized after which
arterial blood gases were analysed using the Radiometer PHM
Mk2 acid-base analyser. The V was re-adjusted if the arterial
carbon dioxide tension (PaC02) was outside the 5.06-5.6 kPa
range. At the end of the stabilization period and at the time of
arterial sampling FE'C02, VC02'expired minute ventilation (VE)'
Crsand Pstwere obtained. IS No more than one readjustment was
needed in the minute ventilation to obtain a PaC02 in the
normocapnic range (5.06-5.6 kPa).

FE,C02was corrected for barometric pressure (PB), variations
in humidity at the site of the infrared CO2 sensor and for the
presence of N20.19All volumes were corrected for internal com-
pliance of the tubings and temperature and humidity variations of
the expired gases in the ventilator tubings. 19Volumes relating to
carbon dioxide were also corrected for analyser delay, re-breath-
ing and the factors used for correcting FE,C02.

Ambient temperature was noted and maintained at 23-25 °C.
A mean temperature of 24°C was used for calculating the correc-
tion factor for volumes and fractions. All the volumes were
presented at BTPS except for VCO2which was also presented at
STPD for comparison with other references." The nasopharyn-
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geal temperature was recorded using a Yellow Spring temperature
monitor and only patients with temperature between 36.8 °C and
37.2°C were included for blood gas sampling. Patients with an
unstable cardiovascular system (i.e. more than ±20% variation of
blood pressure and/or heart rate from basal) at the time of samp-
ling were also excluded.

Patients were kept undisturbed in the supine position with
normal saline infusion at a rate of2 mllkg/hour until all the record-
ings had been completed. Surgery commenced only after comple-
tion of the sampling process which did not take more than 25
minutes following intubation. No patient showed any sign of
inadequate anaesthesia such as lacrimation, tachycardia and hyper-
tension at the time of sampling.

The infrared sensor, analyser and flow meter were calibrated
regularly as per the manufacturer's specifications. The ventilator's
minute volume meter was also regularly cross-checked with the
dry gas meter (Emerson, USA) using 02:NP in a 30:70 ratio. The
difference between the readings of the two instruments was
always less than 1%.

The physiological dead space (VoPhys) was calculated accord-
ing to Enghoff s modification" of the Bohr's equation:

VoPhys=VTx(PaC02-PEC02)lPaC02

where the mixed expired carbon dioxide tension (P
E
C02) was

calculated from (VC02N E)XPB

The volume of extra-oral apparatus dead space (VDapp) was
calculated by adding the volume of the connector, cuvette and the
size and length of the extra-oral endotracheal tube (ETT). This
volume (VDapp) was subtracted from VTand similarly from VEfor
calculating the ventilatory requirements for normocapnic ventila-
tion and also from VDPhys.The same corrections were applied to
VDphysand VTwhen calculating VDN T'Minute volume require-
ments for our patients were also calculated based on other nomo-
grams and guidelines. IS Similarly, the VCO2data were calculated
according to available BMR studies.P:" Alveolar ventilation
requirements (VA) were calculated by subtracting VDphysfrom VT
and multiplying it with the respiratory rate. The body surface area
of the patients was calculated according to the formula of Dubois. 21
Body Mass Index (BMI), an index of obesity" was calculated as:
weight (kgj/height? (metre").

Analysis
All recorded data were transferred to a computer and analysed
using the STATGRAF statistical package. The observed VE'VC02
and VDphyswere analysed as functions of height (H), weight (W)
and age using multiple linear regression analysis. For these
analyses the dependent variables were VE'VC02and VDPhys.

The independent variables (up to 11 for any single analysis)
. included height (H) weight (W), age (A), sex (S) and various
combinations (e.g. Wlleweightxheight) of these and obesity
indices+" such as H/W1/3,WIH and BMI. Logarithms of these
variables did not improve the relationship, therefore only the
linear model was tested, Volumes for both sexes were analysed
together as well as separately.

All possible regression equations were examined by introduc-
ing independent variables, one at a time, into the regression
equation and at each stage statistically evaluating the goodness of
the equation. This allowed us to obtain data on the goodness of fit
of equations with one, two or more independent variables, and on
the degree of significance which each of these variables contrib-
uted to the regression, A combination of criteria was considered
in selecting the best equation in which:
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1. All independent variables contributed significantly (p<0.05)
to the regression.

2. The proportion of the total variation that is explained by the
regression, R2 was increased (Remultiple correlation coeffi-
cient)

3. The standard error of estimate (SEE), i.e. the deviation around
the regression line is decreased.

When a more complex equation gave only minimal improve-
ment, we preferred the simpler equation, e.g. WH instead of W'.

Data between men and women were compared using the
unpaired 't' test. Volumes obtained in the present study were
compared with those of other studies using the paired 't' test.

RESULTS
Of the 253 patients studied 123 were men and 130 were women.
There were comparatively fewer subjects between 55 and 65 years
of age. There was no significant difference in the age, PaC02, pH,
f and P between men and women (Tables I and II).

Me~twere significantly taller, heavier and had a lower BMI and
weight per unit height (WIH) and higher H/W1/3 (Table I).

The mean (SD) minute volume requirements (VE) for main-
taining normocapnia were 6.12 (0.91) L in males compared to
5.26 (0.82) L in females (Table II). This difference was statisti-
cally significant (p<O.OOl). The VEshowed a significant linear
correlation with weight (r=0.74), height (r=0.59), BSA (r=0.79),
BMI (r=0.43), WxH (r=0.79), WIH (r=0.62), W2 (r=0.74), W3
(r=O.73), H/W1/3 (r=0.23) and sex (r=0.45).

The regression on Wand H and combinations of these explain
the greater proportion of variation in VEfor both men and women
with values of R2being marginally higher in men as compared to
women. The 'best-fit' prediction equations were found with WH
in both men and women. The addition of other variables or com-
binations of these (e.g. W2,WIH, etc.) did not make any signifi-
cant difference except for adding to the complexity.

The VJkg was higher in men compared to women. It showed

TABLEI. Demographic data

Item BothMen Women

Age (years)
Weight (kg)
Height (ern)
Body surface area (m/)
Body mass index (kg/ern')
Height/weight 1/3 (ern/kg 1/3)

39.8 (12.14)* 38.6 (12.68)
54.1, (10.15)* 56.5 (10.99)

155.2 (4.82)* 161.7 (8.87)
1.5 (0.13)* 1.57 (0.17)

22.5 (4.1)* 21.6 (3.78)
41.3 (2.6)* 42.4 (2.7)

37.3 (13.4)
59.0 (11.3)

168.6 (6.7)
1.65 (0.17)
20.7 (3.2)
43.6 (2.3)

All figures are mean (SD) * 1'<0.001 (unpaired 'I' between men and women)

TABLEII. Blood gas and ventilatory data presented as mean (SD)

Ventilatory data Men Women Both

Pa02 (kPa)
PaC02(kPa)
pH
V

T
(mI)

P" (cm H,0)
V

E
(rnl)

V/kg (kg/mI)
VA(ml)

17.5 (3.73)
5.26 (0.17)
7.39 (0.02)

401.7 (61.0)*
7.45 (2.25)
6123 (910)*
105.3 (13.1)*
3824 (861)*

16.53 (3.5)
5.25 (0.17)
7.38 (0.03)

348.2 (59.6)
7.80 (2.49)
5262 (816)
98.7 (13.3)
3360 (604)

17.1 (3.5)
5.25 (0.17)
7.39 (0.03)

374.2 (65.9)
7.62 (2.4)
5680 (963)
101.9 (13.58)
3585 (775)

• p<O.OOI(unpaired 'I' between males and females) PaO, arterial oxygen tension
PaCO arterial carbon dioxide tension VT tidal volume P" airway pressure
static (pause) VE minute volume requirements VA alveolar ventilation
requirements
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a significant negative correlation with obesity indices such as
BMI (r=0.65, p<O.OOl)and WIH (r=0.61, p<O.OOl)and a positive
correlation with H/W1/3 (r=O.64, p<O.OOl), indicating that taller
patients for similar weight required a higher VE(Fig. 1).

The V obtained in this study were significantly higher than
other nomograms and guidelines except for the Adelaide ventila-
tion guide," from which it was significantly lower (Table III).
V -V Radford (difference in ventilation requirement from Radford
n~mo~ram) showed a significant correlation with the difference
in V obtained by us and that calculated according to BenedictCO2
and Talbot" (r=0.69, p<O.OOI).The latter reference was used by
Radford for his nomogram. VE-V ERadford also showed a signifi-
cant correlation with the difference in the VoPhys obtained by us
from that suggested by Radford (VDRad; r=0.53, p<O.OOl) for
determining ventilatory standards for intubated patients.

Based on our data, ventilation nomograms for both males and
females (available from the corresponding author) have been
constructed for the ranges of weight and height encountered in the
present study using the equation VE=K+axWH.

Our subjects showed a significantly higher VCO2compared to
that calculated according to the BMR data of Benedict and
Talbot!" (Table IV), the standard that was used by Radford for
calculating the ventilation nomogram.

The VoPhys was significantly higher in m~n co~pare~ to
women (Table IV). It had a significant correlation With weight
(r=0.35), height (r=0.35) and BSA (r=0.41). No correlation was
seen with age. VoPhys per unit body weight had a significant
negative correlation with BMI (Fig. 2).

The respiratory dead space was significantly higher (p<O.OOOl)
than that calculated by Radford-? for his nomogram after applying
the necessary corrections for ETT24(Table IV). This difference
(VoPhys-V DRad) was significantly higher (p<O.OOOl)for men
[45.2 (33.2) ml] compared to women [30.1 (30.3) ml] and was
inversely related to BMI (r -0.26, p-D.Of), i.e. taller or leaner
patients having a higher difference as compared to shorter pa-
tients. The mean (SD) VAwas 3824 (861) ml in men and was
significantly higher than 3360 (604) ml in women.
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TABLE III. A comparison of the mean (SD) minute volume
requirements (VE) of the present study with previous ones

Study V
E

(ml) VJkg (ml/kg) V.lm2 (ml/m'')

Present study
Male 6123 (911) 105.31 (13.1) 37.04 (350)
Female 5262 (816) 98.7 (13.3) 35.07 (381)
Combined 5680 (816) 101 (13.6) 3603 (379)

Radfordrt
Male 5371 (815) 89.3 (7.84) 3148 (206)
Female 4707 (515) 85.9 (8.75) 3052 (146)
Combined 5030 (754) 87.6 (8.47) 3098 (184)

Nunnr;
Male 4754 (672) 81.74 (9.85) 2874 (212)
Female 4106 (359) 77.61 (10.8) 2747 (168)
Combined 4421 (624) 79.62 (10.6) 2809 (200)

Gain"»
Male 5902 (878) 99.97 (9.6) 3577 (255)
Female 5154 (532) 95.23 (10.8) 3436 (181)
Combined 5517 (811 ) 97.63 (10.5) 35lO (228)
Ocbo and Terry12t
Male 5195 (995) 3120 (296)
Female 4762 (893) 3155 (327)
Combined 4972 (967) 88 - 3138 (312)

Kenny9t
Male 7890 (672) 136 (14.5) 4786 (125)
Female 6762 (433) 128 (15.6) 4526 (134)
Combined 7310 (796) 132 (15.6) 4652 (184)

• p<O.05 t p<O.OOI paired 't' compared with present study
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FIG2. Plot showing negative correlation of Vophys/kg with body
mass index (BMI). r=-O.4, p<O.OOl.Lines nearest to the
regression line indicate 95% confidence limits while those on
the outer side indicate 95% prediction limits.

DISCUSSION
We obtained the minute ventilation requirements directly by
maintaining normal PaC02 values under anaesthesia in patients
whose cardiorespiratory and metabolic states were assessed to be
normal preoperatively. Our data pertain to the period prior to
surgery in order to avoid the effect of surgery and attendant blood
loss. All patients had PaC02 values in the range of 38-42 mmHg
or 5.07-5.6 kPa at the time of measurement, and a stable venti la-
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TABLE IV. Minute carbon dioxide production and respiratory dead
space data

Ventilatory data Men Women Both

VoNT
Vophys/kg (ml/kg)

Vophys (ml)

VoRad (ml)

Vco,/kg (ml/kg)

VCO2 (ml)

Vco,Ben (ml)

0.37 (0.07)*

2.5 (0.68)t

142.6 (28.42)H

97.4 (18.65)t

3.07 (0.43)*

180.1 (38.77)H

170.2 (22.77)t

0.36 (0.07)

2.22 (0.54)

119.4 (35.59H

89.3 (16.75)

2.97 (0.54)

157.7 (26.75):j:

146.8 (1\.6)

0.37 (0.07)

2.35 (0.63)

130.7 (34.28):j:

93.24 (18.13)

3.02 (0.49)

168.6 (34.93):j:

158.2 (21.4)

V.,phys respiratory physiological dead space VCO2 measured minute carbon
dioxide output Veo,Ben calculated minute carbon dioxide production according
to Benedict and Talbot" VDRad respiratory physiological dead space according
to Radford's formula":" • p<O.05 and t p<O.005 unpaired 't' between men and
women :j: p<O.OOI paired 't' between adjacent rows

tion for at least 10 minutes prior to taking blood samples and
noting of ventilatory readings.

The difference in minute requirements from the Radford
nomogram (Table IV) is partly explained by the higher Vophys as
compared to that suggested by Radford for his nomogram and
partly by the higher VCO2values obtained by us in comparison to
those used by Radford.":"

The difference in Vophys in our study from that calculated by
Radford may be due to an increased ventilation perfusion mis-
match under anaesthesia. However, this difference was not al-
ways positive which may be because Radford gave a fixed value
to Vophys in relation to the weight of the patient, while we found
it to be dependent on the weight and height. Vophys/kg was
inversely proportional to the BMI; for a given weight, taller
patients had higher Vophys as compared to shorter patients. This
is also why there is a difference in dead space requirements of
Radford. His data showed a negative correlation with BMI as the
dead space formula ignored the height of the subject.

The Vophys/kg was higher in men compared to women, while
Radford gave a fixed value per unit weight irrespective of sex .
There was a difference in the body structure of both the sexes with
men having a greater height and lower BMI and thus a higher
Vophys/kg.

The higher VCO2in the present study could be explained as
stress response to anaesthesia. Though the study was done before
the start of surgery, the stress of anaesthesia including intubation,
might have been responsible for increased catecholamine lev-
els,25.26which have been found to be elevated during N20 anaes-
thesia.27.28

There are very few standardized studies of 02 consumption or
CO2 production under anaesthesia. Previous studies of 02 con-
sumption have indicated a depression in the metabolic rate to
80%-90% of the basaP9-39 under anaesthesia. A lower mean VC02
found by Bain and Spoerel" could be explained by (i) a lower
body temperature (range: 35.7-36.2 DC;mean: 35.9 0C) in their
patients compared to 37°C in our study, and (ii) because they used
potent inhalational agents such as halothane and enflurane. In
contrast, we used only Np and a fixed dose of morphine at
induction till the start of surgery and the study was limited to the
period before surgery.

The minute volumes calculated according to Nunn's predictor
(Table IV) are also lower than those obtained by us. For calculat-
ing the dead space requirements, Nunn used a VD/V T ratio of 0.33
derived from the study" in which he used large tidal volumes and
hyperventilated his patients (to PaC02 of 4.4 kPa). We obtained
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a much higher ratio (O.37±O.06). The value of VDN T changes with
the respiratory frequency used." Lowering frequency by increas-
ing the tidal volume will increase the V Dbut decreases VDN T' 33

Hence, using a fixed value for this ratio introduces errors in
calculating the minute volume requirements at different rates.
Also, the larger VT used for hyperventilation will further lower
V ~ T and in turn increase the error in calculating V D require-
ments for normoventilation. Just as larger tidal volumes decrease
the VDN T' lower tidal volumes may change the VIQ causing
ventilation-perfusion mismatch resulting in increased alveolar
dead space (V Dalv). Therefore, applying VDN T values derived
from studies using larger tidal volumes (to produce lower PaC02)
will produce errors in calculating ventilatory requirements for
normoventilation. Analysis of subdivisions of V Dphys in terms of
anatomical (V Danat) and VDalv was not possible in the present
study as an expiratory CO2 graph is required for determining these
subdivisions" and this facility was not available with us.

Lower VErequirements observed by Ocbo and Terry" (Table
IV) could be explained by their use of supplementary inhalational
anaesthetic agents such as halothane, methoxyflurane or cyclo-
propane which decrease VCO2'They did not use height for calcu-
lating VE which may affect the BMI and thus the V CO2'Their
volumes were also not corrected to BTPS and they did not
mention the relationship of sampling to the start of surgery. The
stress of surgery may increase CO2 production and the tempera-
ture may fall under anaesthesia. All these will effect a change in
the VCO2and hence VE'

The higher ventilatory requirements calculated by Kenny?
(Table IV) may be because their patients were due for major
abdominal surgery which, in addition to stress of surgery, might
have involved retraction with its attendant effects on diaphrag-
matic excursions resulting in a ventilation-perfusion mismatch.

Our minute volume requirements closely approximate those of
Gain" (Table IV). He suggested the normocapnic ventilatory

.volumes should be 25% in excess ofthose calculated according to
Radford's nomogram.'

As with dead space, the VC02varies with the weight and height
of the patient. A negative correlation of VC02/kgwith BMI and WI
H and a positive correlation with H/W1/3 may be because patients
with higher BMI and low H/W1I3 have more adipose tissue
resulting in lower metabolism with less VC02'Similarly, a lower
BMI in men may be one of the reasons for a higher V C02/kg and
higher V E/kg in them compared to women. Therefore, using VCO2
values based on body weight alone may produce errors in calcu-
lating the V A requirements. Using VCO2of one study to derive the
V A requirements for others may not provide the optimum minute
volumes unless the BMI and anaesthetic depth have been taken
into consideration.

As our study pertains to the pre-surgical period, these cannot
be used as such for the surgical period. However, if inhalational
agents are used then the increase in depth of anaesthesia will
counter the stimulating effects of surgery. We excluded the surgi-
cal period in this study as it is difficult to standardize the stress of
surgery. Similarly, these values pertain to a respiratory rate of
around 15 breaths per minute and the VE may differ if different
respiratory rates are used as it will affect the dead space contribu-
tion of minute ventilatory requirements.

The alveolar ventilation requirements obtained by us (i.e. V E-
dead space ventilation) may be used for setting the fresh gas flow
in patients being hyperventilated with a rebreathing circuit with-
out a circle absorber."

In conclusion, the minute volume requirements fornormocapnic
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ventilation under anaesthesia for healthy adults obtained by us are
significantly different from previous studies. The V E require-
ments not only depend upon the weight but also on relative
weight, i.e. weight in relation to height. This difference may be
because previous studies did not use strict inclusion criteria and
standards, and also because most of the nomograms were based on
findings obtained from either awake or anaesthetized subjects
with different ventilatory settings of the respiratory rate and VT'

It may also be due to a difference in the body structure of patients
studied. The BMI or any other index of obesity must be taken into
consideration while studying any ventilatory parameters. We
have constructed a ventilation nomogram based on weight and
height for setting the minute ventilation under anaesthesia.
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Chlamydia trachomatis infection among pregnant women:
Prevalence and prenatal importance

V. K. PAUL, M. SINGH, U. GUPTA, K. BUCKSHEE, V. L. BHARGAVA, D. TAKKAR,
V. L. NAG, M. K. BHAN, A. K. DEORARI

ABSTRACT
Bdckground. Chlamydia trachoma tis infection in pregnant

women is suspected to result in low birth-weight and premature
infants. We conducted studies to ascertain the prevalence of this
infection among pregnant women in our setting and whether its
presence is a risk factorfor low birth-weight or prematurity.

Methods. In the first study, 94 pregnant women between 26
and 30 weeks of gestation were screened for infection with
Chlamydia trachoma tis. The second investigated a cohort of 172
pregnant women presenting in spontaneous labour. The infection
status was related to perinatal outcome in terms of birth-weight
and gestation. In both the studies, Chlamydia trachoma tis infection
was diagnosed using the Chlamydiazyme test performed on endo-
cervical swabs.

Results. The prevalence of Chlamydia trachoma tis infection in
mid-pregnancy and at labour was 17% (16/94) and 18.6%
(32/172), respectively. Women with infection were relatively
older than those without it [mean (SD) age: 26.6 (4.5) years v.
24.8 (3.6) years, p=O.Ot]. The mean (SD) birth-weight
[2869 (611) gv. 2814 (496) g], gestation [38.5 (2.6) weeks
v. 38.3 (2.0) weeks], and incidence oflow birth-weight [18.7%
v. 20.7%] aswell asprematurity [9.4% v. 10.7%] were similar
among neonates born to women with or without infection. Neo-
nates born to infected mothers experienced purulent conjunctivi-
tis more frequently than those born to non-infected mothers
[12.5% v. 2.8%, p=0.04].
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Conclusion. Chlamydia trachoma tis is a relatively common
infection in pregnant women. However, it wasnot associated with
either low birth-weight or prematurity.
Natl Med J India 1999; 12: 11-14

INTRODUCTION
Chlamydia trachomatis, a sexually transmitted organism, is known
to cause cervicitis, salpingitis and endometritis in women and
urethritis, epididymitis and prostatitis in men. The organism can
be transmitted from the mother to her offspring causing conjunc-
tivitis and pneumonia in infants. 1,2

C. trachoma tis infection in pregnant women has also been
implicated in the aetiology of low birth-weight (LBW). Martin et
al. 3 were the first to report that mothers with chlamydial infection
had a higher incidence of preterm and LBW deliveries, Subse-
quent investigations showed that this relationship existed only
among those with recent or active infection as indicated by
elevated levels of IgM antibody."? However, more recent cohort
studies support the association of maternal C. trachomatis with
LBW,s preterm delivery=" and intrauterine growth retardation. 10

The prevalence of chlamydial infection among pregnant women
in India is unclear. The studies available are from hospital set-
tings. In a study from Vellore, a low prevalence rate of 3.3%
(91273) was reported by Alexander et al:" On the other hand, in
a study from Lucknow, a much higher prevalence rate of 26%
(28/78) was documented by Jain et al. 7 Thus, there is a need to
ascertain the magnitude of this infection and assess its association
with LBW and prematurity in India. The present studies were
conducted to address these issues.

SUBJECTS AND METHODS
Two studies were conducted at the All India Institute of Medical
Sciences, New Delhi, a tertiary care teaching hospital. Our obstet-
ric services primarily cater to the care of high-risk pregnancies.


