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Effect of somatic growth on pulmonary function values

in healthy Friesian cattle

P. Lekeux, DVM, PhD; R. Hajer, DVM, PhD; H. J. Breukink, DVM, PhD

SUMMARY

Growth-related changes in pulmonary function values
(pFV) of cattle were investigated by a cross-sectional study
of 40 healthy Dutch Friesian cattle, 3 days to 13 years of
age and weighing 37 to 660 kg. Technical and methodo-
logic procedures and body conformation and condition were
standardized.

A regression analysis was done with 4 independent var-
.ables (body weight, thoracic perimeter, body surface area,
and age) and with PFV measured in this study.

Ventilation values, dynamic lung compliance, and vis-
cous work of breathing changed linearly with somatic
growth. Respiratory frequency, total pulmonary resist-
ance, and arterial oxygen tension showed an exponential
relationship with all the independent variables. On the
other hand, intrapleural pressure values were weakly
correlated with body size indexes.

The most important growth-related changes in PFV oc-
curred at approximately 1 year of age. A significant (P =
0.05) difference between immature and mature cattle was
shown for the blood-gas values and the specific values of
the breathing mechanics. The dynamic lung compliance/
lung weight was lower and the total pulmonary resist-
ance X minute volume was higher in cattle than in other
domestic mammals.

The regression equation, giving the best fit of the data,
was selected for each pFv.

Reproducibility and individual variation of pulmonary
function values (PFV) have been reported in unsedated
calves."” However, data on growth-related changes of
physiologic PFV are not currently available in cattle. They
are required for interpretation of individual pFv and for
determination of pathologic changes in long-term respi-
ratory studies.

In this report, effects of somatic growth on ventilation,
mechanics of breathing, and gas exchange were evalu-
ated in healthy Friesian cattle using a cross-sectional study
performed under standardized conditions.
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Materials and Methods

Forty healthy Dutch Friesian cattle (14 males and 26 fe-
males), 3 days to 13 years of age, weighing 37 to 660 kg, and
with a thoracic perimeter (TP) of 72 to 210 cm were used. Cattle
were obtained from the experimental farm of the University of
Utrecht, The Netherlands. All cattle were healthy on clinical
examination. Body conformation and condition were normal. No
cow was more than 2 months pregnant.

The cattle were assigned into 6 groups according to body weight
(Bw) and age (Table 1). Females were unevenly distributed; 3
were in groups 1 and 2, 2 in group 3, 5 in group 4, 6 in group
5, and 7 in group 6. Food was removed 12 hours before each
measurement. g

Respiratory airflow (V) was measured using a Fleisch pneu-
motachograph” and tidal volume (V,) was derived electronically
by integrating V with respect to time.

A breathing mask was built for each group of animals.” The
maximal dead space of the breathing apparatus was approxi-
mately 15% of the V,.* Intrapleural pressure (Ppl) was mea-
sured with an esophageal balloon.” The tip of the catheter was
positioned in the thoracic portion of the esophagus, at the cross-
ing point between aorta and caudal mediastinal lymph nodes.”
To allow accurate Ppl measurements with the pressure trans-
ducer (model P23Db"), the balloon-tubing gauge system was in-
flated with a minimum of air, within the range of high compliance
of the balloon wall. Accuracy of V, V,, and Ppl measurements
were checked according to methods previously described.**

All measurements were performed in resting, nonanesthe-
tized, and unsedated cattle and in constant air pressure (770
mm of Hg) and temperature (18 C) conditions. Position of the
head and neck was standardized.” Before each measurement,
the pressure transducer was calibrated with a mercury manom-
eter and the pneumotachograph with a flow calibration set®;
both instruments were checked for phase compatibility.?

Cattle were given a 5-minute adaptation period after the mask
and the balloon catheter were placed. The V, V,, and Ppl were
recorded simultaneously on the polygraph (Brusch 2600%). Mean
PFV were derived from measurements on 5 normal and quiet
respiratory cycles. Only data from a series of 10 regular, suc-
cessive, and artifact-free cycles were evaluated.

Determinants measured were: respiratory frequency (f), in-
spiratory and expiratory time (tI and tE, respectively), peak
inspiratory and expiratory V (VImax and VEmax, respectively),
V,, the lowest Ppl during inspiration (Pplmin), the highest Ppl
during expiration (Pplmax), and Ppl at the functional residual
capacity level (Ppl,,_).

The following prv was calculated: ratio of tI to the total time
of the breathing cycle (tI/tTOT), mean inspiratory and expira-
tory V(mVI and mVE, respectively), minute volume (Ve), peak-
to-peak change in Ppl (maxdPpl), dynamic lung compliance
(Cdyn), total pulmonary resistance (R, ), viscous work of breath-
ing (Wvis), and power of breathing (Wvis).

* Gould Godart, Bilthoven, The Netherlands.
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Fig 1—Relationship between pulmonary function values and the sw, TP, and age in healthy Friesian cattle (@ = 1 value; & = 2 values; ll = 3 values).
r = correlation coefficient. Vmin = L/min; 'kPa = L/kPa; kPa-sec/l = kPa-sec/L.

Specific values for some PFV were also calculated as propposed
by Stahl®: V/Bw (sV,), Ve/lbody surface area (Bsa)-sVe), Cdyn/
lung weight (sCdyn), R, x Ve (sR,), Wvis/lung weight (sWvis),
and Wvis/Ve (§Wvis). The Bsa and lung weight were calculated
using Brody's equations.® Lung volume determinations were
corrected to body temperature pressure-satured (BTPS) units.

After recording, arterial blood was sampled from the brachial
artery’ and was analyzed immediately for partial pressures of
oxygen (Pao,) and carbon dioxide (Paco,) with a blood gas ana-
lyzer.” Blood-gas pressures were corrected for rectal tempera-
ture.” Alveolar-arterial oxygen gradient (A-adO,) was determined
for each animal.”

A regression analysis was performed with 4 independent var-
iables (Bw, TP, age, and BsA) and with 20 dependent variables
(Table 2).

Linear, curvilinear, multiple, and allometric regression equa-
tions were calculated for each dependent variable. The deter-

® AVL gas check 93750, Schaffhausen, Switzerland.
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mination coefficent (R”) and the significance of the variance
ratio (variance regression/variance error) were calculated for
each equation.'” The statistically significant equation, whether
linear, curvilinear, multiple, or allometric, that gave the best
fit of the data was selected.

Results

Mean pPFv of the 6 groups of cattle (Tables 1 and 3) and
growth-related changes of PFv (Fig 1) were determined.
The Ppl values, tI/tTOT, and sV, were weakly correlated
with body size indexes (Table 2).

Ventilation values and some changes of the mechanics
of breathing (Cdyn, Wvis, andWvis) were linear with so-
matic growth. The Pao,, A-adO,, R;, f, sCdyn, and sWvis
relation with all independent variables were exponential.
The sR, and $Wvis values were high in groups 4, 5, and
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6 (adult), less in group 1 (newborn), and least in groups
2 and 3 (immature; Table 2).

Blood-gas values, Ppl values, and specific values of the
mechanics of breathing differed significantly (P = 0.05)
before and after 1 year of age (Table 4).

Regression equations, giving the highest R? (Table 3),
had BW and TP as the most frequently selected indepen-
dent variables. However, age was selected for the regres-
sion equation of tI'tTOT and Ppl values.

Discussion

Results of PFV in group 1 were in agreement with pre-
vious data of Bisgard et al'' (mean Bw = 60 kg) and
Kiorpes et al' (mean BW = 59 kg), and the values of group
4 were in agreement with data reported by Musewe et
al' (mean BW = 355 kg).
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Data collected on adult cattle in the present study com-
pared with data proposed by Stahl® for common mammals
(Table 5), indicated that the sVe and sR, were higher and
the sV, and sCdyn were lower in cattle than in other
species (mainly persons, dog, cat, and rat).

The same observations were made in regard to healthy
adult horses." "¢ A partial explanation could be found in
the anatomical specificity of the bovine lung, ie, higher
compartimentalization of the bovine lung without collat-
eral ventilation and smaller cross-sectional area of upper
airways."**?

Ventilation data reported for persons,'**** dog,*® and

© Sasse HHL: Some pulmonary function tests in horses. PhD Thesis, University
of Utrecht, 1971.

4 Gaultier Cl: Développement Postnatal de la Fonction Pulmonaire Chez I'Enfant.
PhD Thesis, Univerzity of Paris-sud UER Kremlin-Bicétre, 1980,

2005



TABLE 1—Pulmonary function values of healthy Friesian cattle of different ages

Groups
1 2 3 4 5 X
Value Unit (n = 5) n = 11) {n = 5) {n = 6) (n = &) n="7 (n = 40)
Age days 17 = 11 135 = 10 298 = 24 500 = 20 715 = 93 2366 = 470 664 = 152
BW kg 53 + 8 130 = 4 170 = 9 303 = 6 419 = 8 577 = 21 273 = 29
BSA m* 1.10 = 0.09 1.83 = 0.03 2.13 = 0.06 294 + 0.03 3.53 = 0.04 422 = 0.09 262 = 0.17
™ cm 8l =4 113 =1 122 = 2 153 = 1 176 = 3 199 = 2 141 = 6
f heart min~' 94 =3 B0 = 2 B2+ 32 70 =1 67 =2 6l =1 HB=2
f min~" 44 = 4 31 =2 26 = 2 24 = 2 23 = 2 23 =1 28 = 1
tl s 0.71 = 0.09 0.93 + 0.07 1.14 = 0.09 115 = 0.06 1.25 = 0.13 1.11 = 0.06 1.04 = 0.04
tE s 0.72 = 0.07 111 + 0.11 1.27 = 0.12 140 = 0.16 1.42 = 008 151 = 0.13 1.24 = 0.06
tIATOT - 0.49 = 0.02 0.46 + 0.01 0.47 + 0.02 0.46 = 0.02 0.46 = 0.02 0.42 = 0.01 0.46 = 0.01
‘;"lmax Lis 08 = 0.1 16 = 0.1 1.9+ 02 27 =02 44 = 05 58 = 0.2 29 + 0.3
VEmax Lis 1.0 + 0.2 19 = 0.1 20 + 0.2 30 =03 43 =05 62 = 0.4 31 =03
v Lis 0.7 =01 13 = 0.1 15+ 0.1 22+ 02 33 =03 47 =02 23 + 02
mVE Lis 0.7 + 0.1 11 =01 13 = 0.1 1.9 = 0.2 28 = 0.2 35 =02 19 = 02
V. L 0.49 = 0.08 1.15 = 0.06 1.62 = 0.07 247 = 0.11 3.95 = 0.25 517 = 0.08 245 = 0.27
Ve L/min 20 = 1 35+ 2 42+ 4 59 =5 91 =7 121 + 6 61 = 6
Pplmin(-) kPa 1.27 = 012 1.24 = 0.04 1.32 = 0.05 139 = 0.04 1.43 = 0.05 157 = 0.12 1.35 = 0.03
Pplmax(—) kPa 061 = 0.15 0.59 = 0.03 0.58 = 0.04 0.59 = 0.04 0.65 = 0.03 0.77 = 0.11 0.62 = 0.03
maxdPpl kPa 0.67 + 0.05 0.65 = 0.03 0.74 = 0.03 0.79 = 0.03 0.78 + 0.03 0.80 = 0.03 0.73 = 0.02
Pplg(—) kPa 0.70 = 0.15 0.70 = 0.03 0.71 = 0.04 0.79 + 0.04 0.77 = 0.03 0.88 = 0.09 0.74 + 0.03
Cdyn L/kPa 114 = 0.20 320 = 013 3.81 = 0.13 5.55 = 0.25 7.31 = 0.34 8.66 = 0.45 4.94 = 041
Ry kPa/Lis 0.27 = 0.04 0.15 = 0.01 0.14 = 0.01 0.11 = 0.01 0.08 + 0.01 0.06 = 0.01 0.13 = 0.01
Wris J 0.18 = 0,03 0.44 = 0.04 0.65 = 0.05 119 = 0.08 179 = 0.11 230 = 0.15 1.08 = 013
Wuis Jimin 76 + 0.7 131 = 06 171 = 2.0 281 = 2.5 407 = 2.1 547 = 5.8 266 = 2.9
Pag, kPa 124 + 0.4 13.3 = 0.3 138 = 0.4 14.7 = 0.3 152 = 0.2 149 = 0.3 140 = 0.2
Paco, kPa 58 + 0.2 57 =01 57 = 02 55 + 0.1 53 =02 54 =01 56 + 0.1
A-aDO, kPa 23 + 02 15 = 0.1 1.0 = 0.1 0.3 + 0.05 0.1 = 0.05 0.2 = 0.05 0.9 + 0.1
Data are expressed as mean = sEM. J = joule.
TABLE 2—Selected regression equations for reference values of pulmo-
Pa0s7 nary function tests in healthy Friesian cattle
(kPa) R Value Unit Regression equations R* bs
161 f min~' 4 104 - 0.97 x TP + 0.0028 x TP 0.66 XXX
L3, % tl s 0.52 + 0.017 x TP — 0.003 % BW 0.43 XXX
154 - : . tE s ~ 0.31 - 0.007 x BW + 0.0002 x age 0,53 XXX
. a " + 1.24 % BSA
14 . . - .- . tATOT -~ + 0.47 — 0.00002 x age 0.20 XX
. . Vimax  Lis + 032 + 0.009 x W 091 XXX
13{s ¢ = VEmax Li/s + 0.49 + 0.009 x Bw 0.84 XXX
. . . iyl Lis + 0.20 + 0.008 x Bw 0.92 XXX
124* . mvVE Lis + 0.38 + 0.006 x pw 0.86 XXX
A L 0.009 x Bw' 0.98 XXX
14s Ve Limin  + 9.23 + 0.19 x sw 091 XXX
= Pplmin  kPa = 119 = 0.0004 x age + 0.00000009 x age® 046 XXX
0 el ——— A Pplmax kPa ~ 0.52 — 0.0003 x age + 0.00000006 x age’ 0.22 X
2 0 2 4 6 8 10 1202 36 48 60 72 80154 | mayappl kPa  + 0.67 + 0.0002 x age — 0.00000004 x age* 030 XX
AGE (month) Pplg, kPa ~ 0.64 — 0.0003 x age + 0.00000006 x age* 0.37 XX
Cdyn LkPa - 396 + 0.06:0!;& " 0.94 XXX
; : Y _— kPa/L/s ] y-9s 3
Fig 2—Relationship between Pag, and age in healthy Friesian cattle. B el i U85 ARX
Wvis  J 0.002 x pw'! 0.95 XXX
Weis Jimin 0.24 x pw" 0.89 XXX
. Pap, kPa 8.64 x Bw"™ 0.68 XXX
rat,” showed similar variations with somatic growth as Paco, kPa __ +58 - 0.001 x Bw 0.22 XX

corresponding values observed in cattle. Furthermore, the
relation between body size indexes and mechanical val-
ues (Cdyn, R,, sCdyn, and sR,) were similar in persons
and cattle.*** Therefore, the growth of the respiratory
tract could be nonisotospic in cattle, as it has already been
postulated in persons.”®?

The Pao, increased slightly from birth to 1 year of age
and then remained constant (Fig 2). This growth-related
change of Pao, was not observed in Beagles,” in contrast
with persons where the adult value of Pao, was reached
at 8 years of age.”" In persons, the number of alveoli and
alveolar capillary segments found in adults is only reached
at 8 years of age.*" Another possible explanation may
be related to the closing volume, which has been shown
to decrease with age in children.”**® These assumptions
could also be true in cattle, because A-adO, was much

2006

R* = determination coefficient; ps = degree of significance of the variance ratio;
X = P =005 XX = P=0.01; XXX = P = 0.001; p (cm); Bw (kg); BSA (m?);
age (day); J = joule.

greater in younger cattle (< 1 year) and airway closure
has been shown to appear at high lung volume in calves,*
probabaly inducing ventilation/perfusion disturbances.
The Ppl;,. was more negative in mature cattle than in
calves. Therefore, it would be useful to study the corre-
lation between Pao,, Ppl;,., and the closing volume.
Results of the present study indicated that the most
important growth-related changes of breathing mechan-
ics occurred at approximately 1 year of age in cattle, the
energetic cost of respiration was proportionally lower in
immature cattle, and the maximal gas exchange effi-
ciency was reached around 1 year of age, in cattle. This

Am J Vet Res, Vol 45, No. 10



TABLE 3—Specific pulmonary function values of healthy Friesian cattle of different ages

Groups
1 2 3 1 5 6 X

Value Unit (n = 5) (n = 11) (n = (n = 6) (n = 6) n="7 (n = 40)
8V, mlkg 91 + 086 88 =02 9.5 + 0.4 84 + 03 94 = 04 9.0 =04 9.0 = 0.2
&Ve L/min x m* 18 = 1 19 =1 20 = 2 + 2 26 + 2 29 = 1 21
sCdyn L/kPa x kg 1.14 + 0.18 198 = 0.15 206 = 0.13 2.22 = 0.21 248 = 030 247 = 042 209 = 0.37
sRy, kPa 55 = 0.5 5.1 =102 55 =03 64 = 03 T8=02 7302 6.0 = 0.2
sWvis Jikg 0.20 = 0.03 0.25 = 0.02 0.35 = 0.02 0.50 = 0.01 0.62 = 0.03 0.64 = 0.02 0.43 = 0.01
aWris kPa 0.40 = 0.04 0.38 = 0.02 0.39 = 0.02 0.48 = 0.01 0.46 = 0.03 0.46 = 0.03 0.42 = 0.01

Data are expressed as mean = sem. J = joule.

TABLE 4—Comparison of pulmonary function values between immature
and mature healthy Friesian cattle

< 1 Year > 1 Year*

Value Unit (n = 21) (n = 19)
Pap, kPa 13.2 = 0.2 14.9 = 0.2
Paco, kPa 57 =01 53 = 0.1
A-aDO, kPa 15 = 01 0.2 = 0.05
sCdyn L'’kPa x kg 175 = 0.10 2.38 = 0.18
sRy, kPa 53 = 0.2 69 + 0.2
Wiz kPa 0.39 + 0.02 0.46 = 0.02
Pplg,. kPa 0.69 = 0.04 0.80 = 0.04

* Significant difference (P = 0.05; Students' ¢ test) was observed compared with
the < 1 year mean *+ SEM.
Data are expressed as mean + SEM.

TABLE 5—Pulmonary function values in adult Friesian cattle compared with
data proposed by Stahl® for common mammals and with normal values
reported for adult horses

Value Unit Cattle Horse C: Is*
sV, mlkg 8.9 1.0 9.9

sVe L/min x m* 25 23 14

sCdyn LkPa = kg 2.4 4.3 3.3

s8R, kPa 7.0 3.6 1.6

Wis kPa 0.47 0.46 0.22

* Persons, dog, eat, and rat.

may explain clinical observations in feedlot cattle® of res-
piratory problems that often were more severe in cattle
< 1 year of age, independent of immunologic status.
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