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Admission clinicopathological data, length of stay, cost and mortality in an
equine neonatal intensive care unit

M N Saulez”, B Gummow’, N M Slovis®, T D Byars®, M Frazer’, K MacGillivray° and F T Bain®

ABSTRACT

Veterinary internists need to prognosticate patients quickly and accurately in a neonatal
intensive care unit (NICU). This may depend on laboratory data collected on admission, the
cost of hospitalisation, length of stay (LOS) and mortality rate experienced in the NICU.
Therefore, we conducted a retrospective study of 62 equine neonates admitted to a NICU of
a private equine referral hospital to determine the prognostic value of venous clinico-
pathological data collected on admission before therapy, the cost of hospitalisation, LOS
and mortality rate. The WBC count, total CO2 (TCO2) and alkaline phosphatase (ALP) were
significantly higher (P < 0.05) and anion gap lower in survivors compared with
nonsurvivors. A logistic regression model that included WBC count, hematocrit, albumin/
globulin ratio, ALD TCO», potassium, sodium and lactate, was able to correctly predict mor-
tality in 84 % of cases. Only anion gap proved to be an independent predictor of neonatal
mortality in this study. In the study population, the overall mortality rate was 34 % with
greatest mortality rates reported in the first 48 hours and again on day 6 of hospitalisation.
Amongst the various clinical diagnoses, mortality was highest in foals after forced extrac-
tion during correction of dystocia. Median cost per day was higher for nonsurvivors while
total cost was higher in survivors.
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INTRODUCTION

In a Neonatal Intensive Care Unit
(NICU), internists are under pressure to
prognosticate patients accurately and
timely. Initially, their decision to treat may
depend on case history, physical exami-
nation and clinicopathological data. Lab-
oratory data obtained on admission may
reflect current pathophysiological status
and can be useful in estimating risk of
death4,l4,17,18.

In the veterinary setting, hospitalisation
of a critically-ill foal at a university referral
hospital is expensive with daily costs in
the NICU ranging from 250 to more than
US$1000°. The cumulative costs of in-
creased metabolic monitoring, equip-
ment, personnel and pharmaceutical
agents may rapidly escalate costs, making
repeated clinicopathological measure-
ments either not possible or not fre-
quently determined. Knowing how the
initial clinicopathological data correlate
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with the survival of a patient, the length
of stay (LOS) and cost of hospitalisation,
may guide the veterinary internist in the
decision-making process.

Although previous studies have evalu-
ated the prognostic value of clinicopatho-
logical data determined after admission
in foals <10 days of age in a NICU", foals
with septicaemia® and foals with pulmo-
nary disease®, have determined multi-
variable models to assess survivability of
neonatal foals admitted to a NICU <
7 dayslg and <14 days of age7, and deter-
mined risk factors associated with the
prognosis for survival and athletic use in
foals with septic arthritis™, reports on the
relationship between admission clinico-
pathological data, LOS and cost are lacking.

The purpose of this study was to firstly
investigate whether clinicopathological
data collected on admission in untreated
foals (age <3 days) could predict mortality
and secondly to determine the average
LOS and cost at a private referral equine
NICU.

MATERIALS AND METHODS
Neonatal foals age <72 hours admitted
toa NICU from January to July 2004 were
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studied. Venous clinicopathological data
was determined before initiation of treat-
ment, LOS (days), cost (US$), final diag-
nosis, presence of septicaemia, and
hospital outcome (alive or dead) were ex-
tracted from medical records. Clinico-
pathological data collected included
haematology: WBC count, haematocrit,
and platelet count (Abbott CELL-DYN®
3500, Abbott Diagnostics, USA); serum
biochemistry: sodium, potassium, chlo-
ride, calcium and phosphate concentra-
tions, total CO, concentration (TCO,),
BUN concentration, creatinine concen-
tration, glucose concentration, fibrinogen
concentration, total plasma protein con-
centration, total protein concentration,
gamma-glutamyltransferase concentra-
tion (GGT), sorbitol dehydrogenase con-
centration, alkaline phosphatase concen-
tration (ALP), aspartate amino-transami-
nase concentration, lactate dehydroge-
nase concentration, creatine phosphoki-
nase concentration (CK), total bilirubin
concentration, ammonia concentration,
anion gap (calculated), albumin concen-
tration, albumin/globulin ratio (A/G ratio)
and immunoglobulin concentration
(Olympus Au400e chemistry-immuno
analyser, Olympus America Inc., USA);
and whole blood lactate concentration
(Accutrend® Lactate analyser, Roche Lab-
oratories, USA). Survival was defined as
those foals that were discharged alive
from the NICU. Sepsis was defined as a
positive admission blood culture (BBL™
Septi-chek™ TSB, Becton Dickson Micro-
biology Systems, USA) or microbiological
evidence of localised infection. Foals that
were initially treated but showed clinical
deterioration and prompted euthanasia
as deemed necessary by the primary clini-
cian were included in this study.

Data were stored in Microsoft Excel 2003
and analysed using Microsoft Excel and
NCSS 2004°. The survival rate of foals
admitted to the NICU was assessed using
the nonparametric Kaplan-Meier and
Nelson-Aalen estimates of survival and
associated hazard rates". Descriptive sta-
tistics were performed on each of the
blood parameters measured and data
were tested for normality using the

#Hintze J. NCSS and PASS number cruncher statistical
systems, Kaysville, Utah. http;//www.ncss.com, 2001.
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Shapiro-Wilk"” and the Anderson Dar
ling' tests. Since many of the parameter
data were not normally distributed, data
were analysed as nonparametric data.
Median scores between the survivor and
nonsurvivor groups were therefore com-
pared using the Wilcoxon Rank-Sum
Test® for difference in medians.

Logistic regression using (Hierarchical)
Forward Switching was performed to
access the correlation between parame-
ters and mortality. Forward Switching is
similar to the method of Forward Selec-
tion; however, at each step when a term is
added, all terms in the model are
switched one at a time with all candidate
terms not in the model to determine if
they increase the value of the log likeli-
hood. If a switch can be found, it is made
and the pool of terms is again searched to
determine if another switch can be made.
This switching was limited to those keep-
ing the model hierarchical. When the
search for possible switches does not yield
acandidate, the subset size isincreased by
1and a new search is begun. The algorithm
is terminated when a target subset size is
reached or all terms are included in the
model. The regression model included 17
parameters to begin with: lactate | WBC
count | Ht | sodium | potassium | chlo-
ride | TCO, | anion gap | glucose | BUN |
creatinine | calcium | albumin | A/G ratio
| ALP | GGT | CK |. A main-effects only
model was analysed and no cross-products
or interaction terms were included. The
reference value for the model was survi-
vors. The model was run several times
varying the cut-off number of parameters
(terms) included in the model. The model
that produced the highest percentage of
correctly classified cases (survived or
died) was taken as the best model for
predicting death. Because collinearity,
or multicollinearity (near-linear relation-
ships), was likely to exist between param-
eters, the data was also examined for
these relationships using a Spearman
Rank correlation matrix. Parameters that
were found to be significant in the logistic
regression model were then tested as
individual predictors of mortality using
empirical (nonparametric) receiver oper-
ator curves (ROCs)’. The area under a
ROC curve (AUROC) is a popular measure
of the accuracy of a diagnostic test. The
larger the AUROC, the better the test is at
predicting the existence of the disease.
The possible values of AUROC range
from 0.5 (no diagnostic ability) to 1.0
(perfect diagnostic ability). The confi-
dence interval for these curves is based on
the transformed AUROC as given by
Zhou et al.”?. AUROCs were compared to
the value 0.5 to see if there was a statisti-
cally significant difference between the
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Fig. 1: Hazard function plot showing rate of death for foals admitted to the NICU as well as

the point-wise 95 % confidence intervals.

calculated AUROC and no diagnostic
ability”.

Since the financial data failed to meet all
the assumptions of normality, median
values were compared using the Mann-
Whitney U/Wilcoxon Rank Sum Test". In
addition, each group was classified into
septicaemic and nonsepticaemic patients;
and the difference in cost between septi-
caemic and nonsepticaemic patients was
compared.

RESULTS

Sixty-two foals with various clinical
diagnoses were included in this study.
These included hypoxic ischemia
encephalopathy (n = 14); prematurity
(n = 4); weakness following delivery of
the foal by laparohysterotomy (1 = 6) and
forced extraction (n = 11); weakness
following delivery from mares with pre-
mature placental separation (1 = 9) and
placentitis (n = 3); and colic of unknown
aetiology (n = 2). The remaining 13 foals
had immune mediated thrombocytopenia,
flexural deformity, bladder rupture, local-
ised bacterial infection (aspiration pneu-
monia), angular limb deformity, meconium
impaction, failure to suckle, myopathy,
acute respiratory distress syndrome,
Tyzzer’s disease, acute renal failure,
bacteraemia and failure of passive trans-
fer. Eight foals were concurrently affected
by bacteraemia. Forty-one foals (66 %)
survived to discharge while 21 foals
(34 %) died.

Figure 1 shows the results of the
Kaplan-Meir rates of death for foals
admitted to the NICU. There was a 27 %
(95 % CI: 14-40 %) probability of a foal
dying by the end of the first day and a
35 % (95 % CI: 19-50 %) chance of them
dying by the end of the second day after
admission to the NICU. If they survived
the first 2 days then their chance of dying
did not increase until day 6, when further

mortalities are predicted. The chance of a
foal dying by the end of day 6 after
admission was 40 % (95 % CI: 21 to 58 %).
There was very little chance of foals dying
after day 6. The hazard function plot
(Fig. 1) showed that the critical care peri-
ods are therefore the first 48 hours and
day 6 of admission to the NICU.

Table 1 compares the blood parameters
of foals that survived with those that died
using the Wilcoxon rank sum test. The
WBC count, TCO,, and ALP were signifi-
cantly higher in foals that survived (P <
0.05) while the anion gap was signifi-
cantly higher in foals that died (P < 0.05).
No difference could be shown between the
medians of the other blood parameters.

Table 2 shows the results of the logistic
regression after forward switching to re-
move parameters that are poorly associ-
ated with predicting mortality. Using this
process of elimination it was found that a
model with the subset of 8 parameters as
shown in Table 2 produced the highest
percentage (84 %) of correctly classified
cases (88 % of survivors and 76 % of mor-
talities were correctly classified). The
model’s predictive ability is further
illustrated by the high AUROC value of
0.91. The results of the Spearman-Rank
correlation showed however, that lactate
and TCO, (R* = 0.6), lactate and anion gap
(R* = 0.7); and TCO, and anion gap (R* =
0.7) were moderately correlated making
interpretation of the role of lactate as an
independent predictor difficult. When
TCO, and anion gap were excluded from
the model, lactate no longer became a sig-
nificant predictor (P = 0.2). However,
when lactate and anion gap are removed
from the model and TCO, added, TCO,
remained a significant variable (P = 0.02).
Similarly, when anion gap is replaced into
the model at the exclusion of lactate and
TCO,itremains a significant variable (P =
0.01). Hence the apparent predictor value

0038-2809 Tydskr.S.Afr.vet.Ver. (2007) 78(3): 153-157



of lactate may be as a result of its asso-
8 ciation with TCO, and anion gap
DOOWON~NO . .
AR B82HBICRSIEGERI-LI-cB33R838IKRER rather than its independent effect.
cl d]|°°eeeececeeeceee T T Collinearity or multicollinearity can
g create inaccurate estimates of the
o . - .
o g A+~ OV OOTATANOMNDDDOONMNOLISTT ~NTOO ® regressmn COEfflClentS, inflate the
E| 2| oNMOOINM-NOO0OONONMOOMUWN-TOON®MS O dard f th .
= [ TTTTO0rg NS00 -l TaTO 09030 - standard errors of the regression
N coefficients, deflate the partial ¢-tests
for the regression coefficients, give
© oo © false nonsignificant P-values, and
x ™ 0 M O N N ©N» D 6 0 i ili
S °°'\8§,\ﬁ’gggg%&m@gﬁi"gg%ga%&'gfe degradethepredlctablht'y.o.fthe
oYY T T model. Because the possibility of
collinearity existed between the
5 parameters, the use of individual
© %e] D N~ . . e .
RS Nomo®w o © BNoon8_ S ..o parameters in the logistic regression
] NG -ONNYF SwoRNRTRAtR N9 00Q . :
S [ oo ITHrorAArAT-NLOAAAN-=-N -GN~ O model as independent predictors of
g death need to be done with caution,
o e o despite the significant odds ratios.
< © < | o g .
o 2 N =T =R e R N A PN The logistic regression models sug-
Q Nr-rr-rr-NJF O A N ted h that TCO,, A/G rati
o = TITANNDT~TFTOANTFOANND~LOT ™ ges e owever a 2, rauo,
g potassium, sodium (P < 0.05); and
Zle= o © ~ possibly ALP, WBC count and lactate
5|80 © N~ < 9 : . ]
IR 0380 Z0o ot O@e0mnot T XwNnR (P<0.1)'wereworthexamlplngfur
SlSw | VVTUTTOOATOTATSTAT T T @S OOO" 0 ther as independent predictors of
=z mortality using ROCs. Anion gap, be-
< o cause of its relationship with TCO,
T é gf£8¢238,\mm,_v—_g£voqg§ %mﬁimgm§ and lactate and the significant differ-
2 NT TN T T T T ence in median values between foals
£ that died and survived, was also
° )
% examined further.
Q | SNACRIIININNIIIININRIINTOT The AUROC:s for the selected pa-
2 rameters are shown in Table 3. For all
@ parameters the mortality rate (censor)
D .
e x < oS © & in foals was 34 % and the number of
o [spNaV) Te]
2 NS0T S onduNERTN Tod3SFFamms foals included in the calculations was
9 S | FhDOOrOUrTAANDN-OINGCBODOONN™+— O L0 — .
ES 61 or 62 depending on the parameter.
= Only anion gap was of any significant
8 g0 < - g & 2o = | value as an individual predictor of
L 8 o ! . )
T 8| 2658 ¥n8quodws 0o RseRFENB0 [ foal death. Despite the AUROC for
% | ~ potassium and lactate being in the
S| = 60s, no difference could be shown be-
3l | = 0 o 2
= i} ) ; N tween their AUROCs and 0.5 at the
2| S 3| 9288880 nvouna29 238~ E8 Sog : :
2 (é) g CTANT - TONTFTOAND~FITOANN~ 600N WO 95 % confidence level, thus making
5| o them inconclusive predictors of death
hay E based on this study. Figure 2 shows
C - . .
2l 5|so o o 600 QR o @ & the AUROCs of anion gap, potassium
E| P82 [ ond898Voy vorm- VN2OZsgmoINBaR and lactate relative to 0.5. Sensitivity
k<] =0 DO ANST N O AN r~rA TN~~~ OFNMOAU~IO® o . X
© indicates the true positive rate (i.e. the
(7] .1 o g
] robability of correctly predicting a
S
= c - N foals death) while 1-specificity indi-
o No B8R~ -~ N ®mo©oooB <R oo i :
- =R e = I T RN e B I b i el B RS I < I cates the false positive rate (i.e. the
1] .- . . .
g probability of incorrectly predicting a
- foals death). ALP and TCO, however,
« .
L appear to be good predictors of sur-
= .
o [eNeoNeoNoNe) (oo e Nl [ee] i .
_g c | T T R8T TTTITRILIZTILIIIITIIIN— 2 vival (AUROC for survival: 70, P <
< 0.01).
=
2 Table 4 depicts LOS and costs for
§ foals that survived or died. Foals that
% survived had longer LOS (P < 0.01)
5 = = = and greater median total cost of hos-
D =3 _s< S= 3 =0 = >3 pitalisation than nonsurvivors (P <
n = 30D SWHE o o5 £ = €S i i
= N I =E3 TS = (s £ o 0.01) while the median cost/day of
£ 3 5E gEdgES-E3, S g £ .
S| s ® TsoecEFRET0ES D _S_E. 5go3 | foals that died was significantly
= - oS = c o) OXIJIESE-IL52IF : ;
= 2 X £33 B EPQRECELESEES25955S2c52 higher than those that survived (P <
D 0oDEBRT E XET2=S22 = 0= £
° € OXBgETI oS Ngo":.E%@E._v SsT3mers .
s| 8 Le2E0nT8908L2S8z288 -3 sahEE85T I 0.01). There was no difference be-
Sl = D -850 38c0c25088c2n29J00n8axsEQQ ) . .
Eloa SIALFNQCOFRS0D00LFIIIOCOLIIOR<N D tween median cost/day in foals with

0038-2809 JI S.Afr.vet.Ass. (2007) 78(3): 153-157 155



Table 2: Results of the forward switching logistic regression model for predicting mortality in foals admitted to the NICU.

Parameter Regression SE Wald Z-value Wald prob. level OR Lower 95 % Upper 95 %
coefficient (B) p=0) Cl Cl
BO: Intercept —23.78 16.11 -1.48 0.14 0.00 0.00 2441.24
B1: A/G ratio -1.01 0.50 —2.01 0.04 0.36 0.14 0.98
B3: ALP 0.00 0.00 -1.82 0.07 1.00 1.00 1.00
B9: TCO. -0.44 0.19 —2.31 0.02 0.65 0.45 0.94
B14: Potassium 1.28 0.57 2.25 0.02 3.59 1.18 10.92
B15: Lactate -0.32 0.18 -1.78 0.08 0.73 0.51 1.03
B16: Sodium 0.29 0.13 2.15 0.03 1.33 1.03 1.74
B17: WBC -0.19 0.11 -1.68 0.09 0.83 0.67 1.03
B13: Ht —-0.07 0.05 -1.34 0.18 0.93 0.84 1.03
OR = odds ratio; Cl = confidence interval; SE = standard error; A/G ratio = albumin/globulin ratio; TCO2 = Total CO..
Table 3: AUROCSs for selected parameters.
Parameter Estimate of SE of AUCs Lower 95 % CI Upper 95 % CI Z-value to test P-value
empirical AUC AUROC > 0.5
Anion gap 0.66 0.07 0.50 0.78 2.27 0.01
Potassium 0.62 0.07 0.45 0.74 1.60 0.05
Lactate 0.61 0.08 0.44 0.74 1.43 0.08
Sodium 0.54 0.08 0.36 0.68 0.45 0.33
Chloride 0.49 0.08 0.32 0.63 -0.15 0.44
A/G ratio 0.39 0.07 0.24 0.53 —2.06 0.02
WBC count 0.35 0.08 0.19 0.49 -1.98 0.02
TCO: 0.30 0.07 0.16 0.43 -2.79 <0.01
ALP 0.30 0.07 0.15 0.43 —2.80 <0.01

Cl = confidence interval; AUROCSs = area under the receiver operate curves; AUCs = area under the curves; SE = standard error; A/G ratio = albumin/globulin ratio; TCO2 =

Total CO2; ALP = alkaline phosphatase.

bacteraemia (US$1133, 95 % CI: 600-2217)
compared to those without (US$938, 95 %
CI: 665-1055) (P < 0.21).

DISCUSSION

On admission of a critically-ill foal to a
NICU, the events that follow admission
are often a development of the clinical
and pathophysiological findings at the
time of admission. Clinicians may be
placed under great pressure to provide
prognostic answers so that clients can
make early decisions as to the course of

actions clinicians should undertake. Un-
derstanding the prognostic value of
clinicopathological parameters measured
at admission is therefore of importance to
clinicians so that informed decisions can
be made promptly.

Mathematical models have been previ-
ously described using selected clinico-
pathological data to predict outcome in
the NICU*'""*. Such models have found
the following clinicopathological to be
significant and indicate a poor prognosis:
decreased WBC count®®, increased creati-

1.00
0.75
=
=
w 0.50
c
> i
Lactate §
0.25 Potassium |
Aniongap ]
0.0 ¥t s S— -
0.00 0.25 0.50 0.75 1.00
1-Specificity

Fig. 2: Receiver operator curves for anion gap, potassium and lactate.
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nine", increased anion gap'"®, decreased
neutrophil count”, decreased venous
PO,", decreased albumin®, decreased glu-
cose®, decreased blood pH® and negative
base excess’. In this study, WBC counts
were higher in surviving foals as com-
pared with dead foals (mean: 6.3 x 10° vs
4.4 x 10’ cells/ut, P = 0.05). Previous stud-
ies have also reported higher WBC counts
in survivors vs nonsurvivors: 7.4 x 10’ vs
3.3 x 10° cells/ut [P<0.05]"%, 9.976 X 10’ vs
6.791 x 10° cells/ut [P = 0.02]’,11.1 x 10’ vs
10.5 x 10° cells/ut [P = 0.42]", 10 x 10° vs
6.55 x 10° cells/ut [P = 0.085]".
Septicaemia, endotoxaemia and pre-
maturity may cause leukopenia'***. Anion
gap has been previously used to predict
survival of foals admitted to a NICU"™,
foals with radiographic evidence of
pulmonary disease’ and adult horses
with colic’. Lower anion gap has been
reported in survivors vs nonsurvivors
(mean: 15.8 vs 22.4 mEg/t, P = 0.002)",
while an anion gap =20 mEq/( (P < 0.001)
was significantly associated with non-
survival’. These findings are consistent
with the present study where survivors
had lower anion gap compared with
nonsurvivors (mean: 14 vs 17 mEg/( [P <
0.04]). In foals, a high anion gap is an indi-
cator of metabolic acidosis'® due to
hypoxia and reduced tissue perfusion.
Bicarbonate is the major component of
TCO, and changes in TCO, are
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Table 4: Hospitalisation costs for foals admitted to a NICU.

Survivors Nonsurvivors P-value
Lower 95 % CI Median Upper 95 % CI Lower 95 % CI Median Upper 95 % CI
Median days in hospital 4 5 6 1 1 1 <0.01
Median total cost (US$) 2370 3038 4058 1457 1793 2217 <0.01
Median cost/d (US$) 607 671 876 1220 1505 1822 <0.01

ClI = confidence interval.

interpreted as changes in bicarbonate
concentration’. In this report, TCO, was
higher in survivors vs nonsurvivors
(mean: 28 vs 22 mEq/(, P = 0.01), similar to
aprevious report® (mean: 30.5vs 26 mEqy/¢(,
P = 0.5). ALP was also found to be higher
in survivors vs nonsurvivors (2248 vs 1914
mmol/l, P = 0.01) as reported previously".
Although ALP has a broad specificity with
isoenzymes present in liver, bone, intes-
tine, kidney and placenta, the observed
increase may be due to ingestion of
colostrum’. Other causes for increased
ALP include cholestasis, corticosteroids,
nonsteroidal drugs, bone disease and
neoplasia’.

Overall survival rates have been reported
as 83 % (n = 577)", 68 % (n = 99), 66 %
(n =56)",45 % (n = 65)° and 36 % (n =
160)* compared to 66 % (n = 62) in this
study. An increased mortality rate was
recorded in the NICU on day 2 post
admission. Often, NICUs may experience
the highest mortality rates in the first 24
hours following admission due to the
advanced disease process or failure to
respond to treatment. It was surprising
that a second increase in mortality rate
was reported on day 6 in this study as
the final days of hospitalisation are
essentially recuperative and may have
been caused by significant organ damage
sustained prior to admission or in the first
24 hours after admission that caused
continued microcellular and vascular
damage.

The total cost of treating a foal that
survived was higher than nonsurvivors.
However, this is probably a function of
the survival time as foals that survived
had longer LOS. The total cost of hospita-
lisation of foals that died was significantly
higher than those that survived and may
be because the admission phase of care
involves more expensive diagnostics and
more intervention due to the severity of
the disease process. Interestingly, the
presence of bacteraemia did not influence
cost in this study.

Several limitations are recognised in
this study. Due to the retrospective nature,
the study may have suffered from a selec-
tion bias, while interpretation of single
measurements may have had limitations
and thus serial measurements may have
had greater prognostic value. A specific

population of foals was sampled from 1
region admitted only to a single NICU. In
addition, a confounding effect of small
sample volume with similar disease aeti-
ology may have affected the results.

This study demonstrated the clinical
usefulness of measuring clinicopatho-
logical data (WBC count, TCO,, ALP and
anion gap) in neonates admitted to an
equine NICU before initiation of treat-
ment and that anion gap was an inde-
pendent predictor of neonatal mortality.
As mortality was higher in foals following
forced extraction during resolution of
dystocia, the veterinary internist should
consider such foals ‘high risk’. Also, the
analysis of patient costs confirmed and
quantified the higher NICU daily cost for

NoNsurvivors.
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