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Canine neonates are highly vulnerable during the transition from intrauterine to extrauterine life, 

and rapid assessment of neonatal depression is important after Caesarean section. This study 

focused on the serial modified Apgar scores recorded in puppies delivered during a clinical 

study of three anaesthetic protocols in bitches undergoing emergency Caesarean section. 

Eighteen clinically apparently healthy pregnant bitches were allocated to three groups of six 

each. Group I received butorphanol–propofol induction followed by propofol constant-rate 

infusion (CRI); Group II received butorphanol–propofol induction followed by isoflurane; and 

Group III received butorphanol–propofol induction with epidural lignocaine 2% and propofol as 

required. Neonatal vitality was assessed using a seven-domain, 0–14 modified Apgar score 

incorporating mucous membrane colour, heart rate, respiratory rate, reflex irritability, mobility, 

suckling and vocalization. A total of 105 puppies with serial Apgar observations were 

represented in the analysed dataset (Group I, n=37; Group II, n=35; Group III, n=33). Mean 

Apgar scores increased significantly within every group from 5 to 60 min (p<0.01). At all 

assessment times, Group III had the highest scores, followed by Group I and Group II. 

Between-group differences were significant at 5, 20, 40 and 60 min (p<0.01). The 60-min mean 

scores were 9.48±0.18, 5.25±0.23 and 11.30±0.09 in Groups I, II and III, respectively. The 

findings support serial Apgar scoring as a practical bedside tool for documenting recovery of 

depressed puppies after Caesarean delivery. However, the seven-domain 14-point score used in 

the original dataset differs from contemporary five-domain 10-point canine Apgar systems; 

therefore, direct comparison with current published cut-offs should be made cautiously. Current 

RECOVER guidance also emphasizes serial assessment and clinical examination rather than 

using a single Apgar value as the sole trigger for resuscitation. 
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Introduction 
 

Neonatal transition is a critical period in canine 

reproduction. Immediately after birth, the puppy must 

establish effective pulmonary ventilation, maintain 

cardiovascular adaptation, preserve body temperature and 

initiate suckling. Disturbance of any of these processes 

can rapidly result in hypoxaemia, hypothermia, weakness 

and death. Contemporary reviews continue to emphasize 

that neonatal outcome is influenced by maternal 

condition, breed, parturition, fetal status, timing of 

intervention and early neonatal care (Uchańska et al., 

2022). 

 

Caesarean section is frequently required in canine 

dystocia, but the neonate may be exposed to fetal 

compromise before delivery and to transplacental effects 

of anaesthetic drugs during surgery. Retrospective 

clinical data have shown that prolonged anaesthesia and 

obstructive dystocia can be associated with increased 

neonatal mortality, highlighting the importance of 

efficient obstetrical and anaesthetic management 

(Schmidt et al., 2021). 

 

The Apgar score was adapted for canine neonatology as a 

rapid, inexpensive clinical assessment of neonatal 

vitality. The classic canine approach evaluates 

parameters such as heart rate, respiratory effort, reflex 

irritability, motility and mucous membrane colour, with 

the 5-min score providing useful information on early 

viability (Groppetti et al., 2010). Subsequent studies 

demonstrated that Apgar score is associated with 

neonatal viability after Caesarean section, while also 

showing that breed and body size can influence score 

interpretation (Veronesi et al., 2022; Veronesi et al., 

2023). 

 

Recent evidence has further strengthened the clinical 

relevance of serial neonatal scoring. A 2024 study 

comparing etomidate, alfaxalone and propofol for 

Caesarean section found higher Apgar scores with 

alfaxalone and propofol than with etomidate, illustrating 

how anaesthetic selection can influence early neonatal 

vitality (Srithunyarat et al., 2024). The 2025 RECOVER 

newborn-resuscitation guidelines recommend structured 

neonatal assessment and serial monitoring, while 

cautioning against using a single Apgar cut-off as the 

sole indication for resuscitation (Boller et al., 2025). 

 

The present manuscript therefore focuses specifically on 

the Apgar component of a doctoral clinical study 

conducted in Mumbai and examines the trajectory of 

neonatal scores under three anaesthetic protocols. The 

objective was to compare serial Apgar scores at 5, 20, 40 

and 60 min after delivery and to determine whether 

neonatal recovery differed among the three protocols. 

 

Materials and Methods 
 

Study design and clinical protocol 
 

The data were derived from the clinical study 

“Optimization of Anaesthetic Protocol for Caesarean 

Section in Bitches,” undertaken through the Department 

of Veterinary Surgery and Radiology, Mumbai 

Veterinary College, Bai Sakarbai Dinshaw Petit Hospital 

for Animals, Parel, and associated veterinary clinical 

practices in and around Mumbai.  

 

The source thesis describes 18 pregnant bitches presented 

for obstetrical emergency and divided into three groups 

of six bitches each. Abdominal ultrasonography was 

performed to confirm fetal viability before Caesarean 

section (Fig No: 1). 

 

The source thesis describes Caesarean section using 

ventral celiotomy with rapid delivery of puppies, removal 

of fetal membranes unless bleeding was evident, uterine 

closure with Cushing followed by an inverting Lembert 

pattern, abdominal closure, and postoperative clinical 

observation. 
 

Apgar scoring 
 

Each puppy was assessed using the seven-domain Apgar 

model documented in the source thesis. Each parameter 

received 0, 1 or 2 points, giving a maximum score of 14.  

 

The original thesis categorized scores of 10–14 as 

healthy, 5–9 as moderately distressed and 0–4 as severely 

distressed. For the present manuscript, the recorded 

analytical time points were 5, 20, 40 and 60 min after 

delivery. 

 

The scoring procedures in the source thesis included 

visual assessment of mucous membrane color (Fig No 2), 

auscultation of heart rate (Fig No 3), observation of 

respiratory movements (Fig No 4), interdigital 

stimulation for reflex irritability (Fig No 5), observation 

of spontaneous mobility (Fig No 6), oral assessment of 

suckling (Fig No 7) and assessment of vocalization (Fig 

No 8). 
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Study population for Apgar analysis 
 

Serial Apgar observations were available for 105 

puppies: 37 in Group I, 35 in Group II and 33 in Group 

III. The unequal number of puppies reflects the litter 

sizes of the six bitches in each maternal treatment group. 

Individual puppy records in the thesis appendix were 

used to confirm the group-specific sample sizes. 

 

Statistical analysis 
 

The source study states that the generated data were 

analyzed using standard statistical procedures. Apgar 

scores were analyzed using a completely randomized 

design. Within-group changes across time and between-

group differences at each time point were evaluated by 

analysis of variance; critical differences were reported at 

the 1% and 5% significance levels. In the original 

analysis, differences were considered significant at 

p<0.01 when the reported F statistic was significant at the 

1% level. 

 

Results and Discussion 
 

Mean Apgar scores increased progressively from 5 to 60 

min in all three groups. The pattern was most pronounced 

in Group I and Group III, while Group II showed a 

slower improvement and remained lower than the other 

groups at every assessment point. 

 

Within-group analysis also demonstrated significant 

improvement with time. In Group I, the F statistic for the 

time effect was 216.063; in Group II, 48.149; and in 

Group III, 354.829, with each treatment/time analysis 

reported as significant at the 1% level. Thus, neonatal 

scores improved substantially during the first hour after 

delivery irrespective of anaesthetic group, but the 

magnitude and absolute level of recovery differed 

significantly among protocols. 

 

The major finding was the consistent superiority of 

Group III in serial Apgar scores, followed by Group I 

and Group II. At 5 min, the mean scores were 5.93, 4.16 

and 3.00, respectively, and by 60 min they had increased 

to 11.30, 9.48 and 5.25. The data therefore indicate more 

rapid and/or more complete recovery of measured 

neonatal vitality when epidural lignocaine was 

incorporated into the anaesthetic regimen. 
 

The biological plausibility of this observation is 

important. A Caesarean anaesthetic protocol must 

provide adequate maternal anaesthesia while minimizing 

fetal drug exposure and maternal cardiovascular or 

respiratory depression. The source study found that the 

three protocols were clinically effective for the dam, but 

neonatal Apgar performance was best in the epidural-

lignocaine group. The epidural component may have 

reduced the amount of systemic anaesthetic required for 

surgical analgesia, although the present dataset does not 

permit a causal attribution of the neonatal effect 

specifically to reduced propofol exposure. 

 

These findings are consistent with the broader literature 

showing that anaesthetic management can influence early 

puppy vitality. Srithunyarat et al., (2024) reported higher 

Apgar scores in puppies following alfaxalone or propofol 

induction compared with etomidate, particularly at later 

early-neonatal assessment points. Earlier work also 

demonstrated that Apgar scores can discriminate puppies 

at higher risk of early death or impaired neonatal 

adaptation (Veronesi et al., 2009; Groppetti et al., 2010). 

 

At the same time, the present 14-point score should not 

be directly equated with the 10-point systems used in 

much of the recent canine literature. Veronesi et al., 

(2022) evaluated more than 1,000 live-born puppies and 

showed that breed body size can influence Apgar 

distribution and that score cut-offs may need refinement 

according to body size. Veronesi et al., (2023) similarly 

demonstrated breed-related differences in Apgar scores 

between English and French bulldogs. These findings 

indicate that a single universal numerical threshold may 

not have identical prognostic meaning across breeds. 

 

The difference between the source scoring model and 

contemporary models is particularly relevant. The source 

thesis used seven parameters—mucous membrane 

colour, heart rate, respiratory rate, reflex irritability, 

mobility, suckling and vocalization—for a maximum of 

14 points. Contemporary canine studies frequently use 

five domains with a maximum of 10 points, and the 2025 

RECOVER newborn-resuscitation guidelines emphasize 

that an Apgar score should be used as part of serial 

clinical assessment rather than as a stand-alone 

resuscitation trigger. Therefore, the present results are 

best interpreted as within-study comparative evidence 

rather than as establishing new universal clinical cut-offs. 

 

Another clinically relevant observation is the marked 

improvement during the first hour. The Group III mean 

increased from 5.93 to 11.30, Group I from 4.16 to 9.48, 

and Group II from 3.00 to 5.25. This supports the value 
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of repeated assessment because a depressed puppy at 5 

min may improve substantially with airway clearance, 

drying, stimulation, warming and appropriate respiratory 

support. The current RECOVER recommendations 

specifically support serial Apgar-type assessment after 

initial stabilization, including reassessment around 5, 30 

and 60 min. 

 

Table.1a Anaesthetic protocols 

 

Group Bitches Anaesthetic protocol 

I 6 Butorphanol tartrate 0.2 mg/kg IV; propofol 4 mg/kg IV for induction; propofol CRI 

0.2 mg/kg/min for maintenance. 

II 6 Butorphanol tartrate 0.2 mg/kg IV; propofol 4 mg/kg IV for induction; isoflurane 

2.5% with oxygen for maintenance. 

III 6 Butorphanol tartrate 0.2 mg/kg IV; propofol 4 mg/kg IV for induction; epidural 

lignocaine HCl 2% (0.1–0.2 mL/kg) with propofol as required for maintenance. 

 

Table.1b Apgar scoring 

 

Parameter Score 0 Score 1 Score 2 

Mucous membrane Cyanotic/pale Pink Reddish 

Heart rate ≤120 bpm 120–180 bpm >180 bpm 

Respiratory rate ≤15/min 15–30/min >30/min 

Reflex irritability None Feeble Active reaction 

Mobility None Hypomobility Active mobility 

Suckling reflex None Weak Energetic 

Vocalization None Mild Vigorous 

 

Table.2 Mean ± SE Apgar scores of puppies at different time points. Values are transcribed from the source 

thesis summary table; minor rounding differences occur in some individual appendix tables. 

 

Time after delivery Group I (n=37) Group II (n=35) Group III (n=33) 

5 min 4.16 ± 0.11 3.00 ± 0.04 5.93 ± 0.15 

20 min 5.70 ± 0.17 3.34 ± 0.08 7.21 ± 0.16 

40 min 6.91 ± 0.12 4.22 ± 0.14 10.12 ± 0.11 

60 min 9.48 ± 0.18 5.25 ± 0.23 11.30 ± 0.09 

 

Table.3 Between-group ANOVA results for Apgar scores at each time point. The F statistics and critical 

differences are reported as given in the source thesis 

 

Time point F statistic Critical difference (1%) Interpretation 

5 min 176.423 0.413 Group III > Group I > 

Group II; p<0.01 

20 min 176.395 0.542 Group III > Group I > 

Group II; p<0.01 

40 min 515.266 0.480 Group III > Group I > 

Group II; p<0.01 

60 min 274.324 0.691 Group III > Group I > 

Group II; p<0.01 
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Figure.1 Serial mean Apgar score trajectory of puppies following Caesarean section. The highest values 

were consistently observed in Group III. 

 

 
 

Figure.1a Examination of Neonatal Viability with ultrasonography 
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Fig No 2 : Mucous Membrane Fig No 3 : Heart Rate 

Fig No 4: Respiratory Rate  Fig No 5: Reflex Irritability 

Fig No 6 : Mobility Fig No 7: Suckling Reflex 
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The results should also be interpreted in the context of 

emergency Caesarean section. The source study included 

obstetrical emergencies, and fetal compromise may have 

occurred before anaesthetic administration. Modern 

clinical evidence indicates that maternal and surgical 

factors, including obstructive dystocia and prolonged 

anaesthesia, can influence neonatal survival (Schmidt et 

al., 2021). Consequently, the Apgar score is a composite 

indicator of the neonate's condition at a particular 

moment and cannot isolate the effects of the anaesthetic 

protocol from pre-existing fetal hypoxia, dystocia 

duration, litter size, birth order, breed, fetal weight or 

time from induction to delivery. 

 

Recent work has also explored complementary 

indicators such as amniotic fluid lactate and placental 

characteristics. Greghi et al., (2023) reported that 

biochemical features of amniotic fluid may provide 

additional information about placental function and 

neonatal viability after Caesarean section. Such 

measures may complement, rather than replace, rapid 

bedside clinical scoring. 

 

Limitations 
 

• The study originated from a relatively small clinical 

cohort of 18 bitches and 105 puppies, limiting 

generalizability. 

• The treatment groups were maternal-level groups 

with unequal numbers of puppies; therefore, puppy-

level observations are clustered within litters and 

should not be assumed to be statistically independent. 

• The source thesis used a completely randomized 

design ANOVA rather than a modern mixed-effects 

model accounting for bitch/litter clustering and 

repeated measurements. Future re-analysis should use 

a mixed-effects approach with bitch/litter as a 

random effect and time and protocol as fixed effects. 

• The Apgar model used seven parameters and a 

maximum score of 14, whereas many contemporary 

studies use a five-parameter 10-point score. This 

limits direct comparison with current breed-specific 

cut-offs. 

• The source thesis contains an internal timing 

discrepancy: the methods section describes Apgar 

scoring at birth/approximately 30 and 60 min, 

whereas the results tables report 5, 20, 40 and 60 min. 

The present article uses the four time points actually 

represented in the reported results, but the original 

case sheets should be checked before final 

submission. 

• The source material reviewed did not contain a 

clearly stated animal ethics committee approval 

number or formal owner-consent statement. These 

details should be verified from institutional records 

and added before submission. 

 

In conclusion, Serial modified Apgar scoring 

demonstrated significant improvement in neonatal 

vitality during the first hour after Caesarean delivery in 

all three anaesthetic groups. Puppies delivered from 

bitches receiving butorphanol–propofol with epidural 

lignocaine 2% had the highest mean Apgar scores at 5, 

20, 40 and 60 min, followed by the propofol-CRI group 

and the isoflurane group. The findings support the use of 

structured, repeated neonatal assessment after Caesarean 

section. Nevertheless, Apgar scores should be 

interpreted together with clinical examination and 

resuscitation requirements, and contemporary breed- and 

body-size-specific evidence should be considered when 

assigning prognostic thresholds. 
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